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SfiOl{TER CON1.,RIBUTIONS TO GENERAL GEOLOGY, 1921.
LITIIOLOGIC SUBSURFACE CORRELATION IN THE "BEND SERIES" OF
NORTH-CENTRAL TEXAS.
By

MARCUS

I.

O~LDMA~.

OBJECT AND METHODS OF THE INVESTIGATION. That is to say, it seemed probable that any

This paper presents the results of an attempt
to obtain, by a study of well drillings, ,criteria
for correlation, by the character of the beds
encountered, of horiz.ons in the "Bend series"
of north-central Texas. The result of the
work most directly applicable to the needs of
the_ oil-well operator is that of enabling him
to know 1nore exactly the position of the
producing beds in his well-a result that is of
particular value in north-central Texas because
certain beds in that region which O'ive no show
b
of oil to the drill may on being "shot" yield
considerable oil. To know the part of the
stratigraphic section reached by the drill at
any stage of the boring also enables the driller
to be on the alert for indications of oil at
horizons where productive sands are encountercel in other wells and to know when the drill
has passed all horizons at which the beds are
likely to yield oil.
In two wells that lie near each other the
succession of beds is so nearly the same that
at least some horizons can be correlated from
the driller's logs if they are carefully kept.
But the character of any bed may gradually
change from place to place, so that the farther
apart any two wells are the more cliffLcult it
becomes to recognize the beds that lie at the
same geologic horizon in them. In undertaking this study, however, I started with the
assumption that, though the composition of a
bed at a certain horizon in any two widely
separated localities might be so different that
the bed could not be recognized as such, the
relation of its composition to the composition
of the beds above a,nd below it would show
. enough similarity to permit its identification.

change in the character of the sediment delivered to one part of an open, continuous basin
of deposition would be manifested in all other
parts of the basin. Thus, an increase of sand
would be recorded all over the basin, in one
locality perhaps by an increase in the sandiness
of ~ limestone, in another by the deposition
. of coarse sandstone in the midst of shale, and
in still another merely by a slight incr~ase in
the amount or· the size of sand in a shale, but
everywhere there would be an increase in the
.
f
proportiOn o sand; and the same rule would
1
ap_rly t~ the other constituents. To bring
th1s out 1t w.as necessary to represent for each
sample obtamed from a well the proportions
of the three principal· ingredients-sand, clay,
and lime. Lime. as here used includes all the
transparent carbonates of the calcite group.
No attempt to di_fferentiate the several momhers of that group was made, thoug~ the
differentiation ·of calcite and dolomite, for
example, would be valuable. The lower limit
for size of grain of material classified as sand is
abou~ 0.05 mill:imeter, .but this limit· is not
definlt.e, depenchng somewhat on factors other
than s1ze. If material as fine as 0.02 millimeter
were abundant in a thin section it would be
estimated as sand, but beds containing material
of that :fineness are likely to appear essentially
as clay·
·
The most convenient method of compiling
the results obtained seemed to be what I have
called the "percentage log," shown in the
third and fourth columns on Plate I (in pocket).
I 'rhough applied much IDOrC roughly, this principle iS Similar to
that used by De Goer in correlating the glacial clays of Sweden. Sco
Do Geer, Gerard, A geochronology of the last 12,000 years: Cong. geol.
internat., 11• sess., Compt. rend., Iasc. 1, p. 241, 1910.
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In this log the thickness of rocks represented
by the sample is laid off vertically to scale as
the vertical coordinate. The width of the
column represents 100 units, and the p~rcent
age of each of the three constituents in each
sample-the lime, clay, and sand-is laid off
horizontally across the middle of the space
representing the sample. 2
To obtain these results the samples were
examined with a hand lens, which was sometimes supplemented by a binocular microscope. · As many types of _rock as could be
· recognized were listed, and the proportion of
each was estimated. Fragments of peculiar
types and at intervals of the prevailing types
were selected to be made into thin sections,
which were examined under the compound
microscope, and the proportions of sand, clay,
and lime in them were estimated. As the
work progressed it was found desirable to increase the number of thin sections, even of
prevailing types from successive samples, as
changes in sandiness might otherwise not be
recognized.
The samples examined were obtained from
the Seaman well No. 1, in Palo Pinto County,
and the Rudd well No. 1, in Comanche County.
As those from the Seaman well were the first
to be studied the observations on them are
somewhat less accurate than those on the
Rudd samples.
This n1ethod of determining the proportions
of the three ingredients is obviously a rather
rough one, yet I think it is justified by the
results, for it brings out correlations with remarkable detail. It has even certain advantages over the mechanical and chemical analysis employed in the method described by Trager·
in the paper just cited. Certain changes, especially silicification, which tend to unite the
original constituents of the rock so that they
can not be separated or which replace them by
other substances, interfere, according to the
extent to which they are developed, with the
correct mechanical or chemical determination
of the ·composition of the rock as it was when
deposited, but these changes are not likely to
interfere nearly so much with the microscopic
recognition vf the ingredients, especially of
day and .sand. In much chertified beds any
2 This method of representation is described by E. A. Trager in A
laboratory method for the examination of well cuttings: Econ. Geology,
vol. 15, pp. 170-176, 1920.

routine mechanical or chemical analysis would
seem to be almost useless as a means of determining the original composition. On the other
hand> the determination of the proportions of
the ingredients by the eye may be very inaccurate, especially in an argillaceous rock, as
clay may form a dark stain and veil the presence of ·other constituents. In work on the
black limestones that are so abundant in the.
"Bend series" there is the added difficulty of
distinguishing between organic staining matter
and clay. The most accurate method of determining the proportions of the constituents
sought would undoubtedly be a combination
of observation in thin section with chemical
and mechanical analyses, but circumstances
did not permit me to use the latter methods.
The method used, however, probably does
bring out relative composition, which is the
essential fact in this investigation.
Where distinct fragments of flint could be
recognized in the sample their proportion was
estimated and represented separately, merely
because they could not properly be classed
with the other three constituents. It is my
belief that flint is produced by the silicification of sediments after their deposition and
that ·for the purpose of the present investigation it should be regarded as replacing lime.
The flint estimated. represents only the proportion of its individual particles, not the
degree of silicification of the sample. Incipient che:rtification was recognized in many thin
sections made from samples in which no fragments of flint could be found. In general this
microscopic chertification is greater in the
lower part of the geologic section, increasing
downward as the beds carrying distinct flint
are approached. It is therefore not surprising
that the highest occurrences of fragments of
flint should be at different horizons in the two
wells-at 2, 738 to 2, 745 feet in the Rudd well
an~ at 4,090 to 4,100 feet in the Seall!an well.
Although the assumption that variations in
the proportions of the principal constituents of
these beds would be recorded in widely separated parts of the basin in which they were
deposited proved, in a general way, to be_
remarkably well justified, there is one respect
in which it requires restriction and interpretation. It might·, indeed, have been expected
that lime, which is not a true sedimentary
constituent but is mostly of organic origin,
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would not conform in detail to this assumption.
In a general way, of course, more lime accumulated at certain periods than at others, and in
the "Bend series" this fact is most obviously
indicated by the subdivision of the series into
the Smithwick shale and Marble Falls limestone, though it expresses itself also in detail
throughout the series. But the accumulation
of lime is much more. subject to local conditions
than that of sand or clay. Furthermore, lime
is not related to depth as simply and regularly
as sand and shale. Though there used to be a
tendency to assume that limestone represented
a deposit in deep, clear water, geologists are
now beginning to realize that this assumption
applies only to certain kinds of limestone and
to certain regions. Most of the mollusks, n10lluscoids, and echinoids whose remains form the
largest part of olir limestones lived in water
shallow enough to give them their needed light
and warmth, though not so near the shore and
especially not so near the mouths of rivers that
thcy would be injured by the accumulation of
sediment. If a generalization must be made
concerning the relation of l~me of organic
origin to depth it would probably be truer to
say that on gently sloping offshore sea bottoms limestones are formed between near-shore
detrital deposits, which in many areas include
clay, and the deep-sea terrigenous clay deposits, which are fa:u·ly well represented by the
"blue muds" of the Challenger expedition.
But this generalization also is subject to many
modifications to bring it into accord with local
conditions. What -is essential for the present
pm·pose is to realize that lime is not likely to
var)r as regularly from well to well as the true
sediments, clay and sand, and that on this
account logs representing the proportion of
lime will require critical interpretation. The
ideal correlation would be one based only on
the exact proportions of clay and sand.
The results of my determinations, in addition to being summed up in the percentage log,
are represented also in columns 2 and 5 of
Plate I (in pocket), in terms of definite lithologic types, in what I have called, for convenience of reference, a "synthetic log." In this
log the materials found in each sample are, as
far as possible, represented by the usual symbols. It was of course necessary to generalize
very much in preparing this log. Obviously,
moreover, there is no SUre way of determining

3

the thickness or relative positions, within the
interval represented by the samples, of the
different types recognized. Where a boundary
between two distinct types lies in the interval
represented by a sample and such a boundary
has been recorded in the driller's log the position given by the driller's log has therefore
usually been accepted. In order to bring out
some of the more significant thin beds it has
been necessary to exaggerate their probable
thickness. Finally in column 1 on Plate I (in
pocket), is given the usual graphic form of the
driller's log of the Seaman well. No driller's
1
log of the Rudd ·well was available.
The correlation of the percentage logs was
aided greatly by the discovery, made in the·
course of the work, that the more significant
breaks in a stratigraphic series are likely to be
marked by the occurrence of autochthonous
glauconite, in many instances associated with
phosphate, directly above the break or rarely
more than a foot or two above it. By autochthonous glauconite I mean glauconite formed
in place contemporaneously with the bed in
which it occurs. The suggestion that glauconite occurs in this association 3 was the result
of observations in San Saba County, Tex. A
thin sand that contains nodules of phosphate
and is full of glauconite was found not more
than a foot or two above the Ellenburger limestone at several places southwest of San Saba.
A little west of Richland Springs, at the contact
between a sandy formation believed to be the
Strawn and a limestone believed to be the
equivalent of one of the limestones occurring
·at Dennis, south of Millsap, in the "Millsap
division" as defined by Cummins, a similar
very glauconit!c sand containing nodules
of phosphate was found. To establish the
validity of the generalization that glauconite occurs just above stratigraphic breaks
it may be stated in advance that each of
the samples in the coUections of the United
States Geological Survey taken from the base
of the "Bend series" in three wells that showed
this horizon and that were rather evenly spaced
over a distance of 120 miles north of the outcrop
contained coarse autochthonous glauconite.
As will be seen when the synthetic logs are discussed (see Pl. I), glauconite occurs at horizons
other than breaks in the stratigraphic succession, but at nearly all these horizons it differs in
a Goldman, M. I., Was,hington Acad. Sci. Jour., vol. 9, p. 502, 1919.
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associations and generally in form and character from the glauconite found at the stratigraphic breaks. The latter is usually :inore
· abundant, is predominantly coarse (in ·grains
0.2 to 0.4 millimeter or more, rarely less than
0.15 millimeter in diameter), is less rounded and
less regular in shape, is at many stratigraphic
breaks fresher, is deeper in color, and is associated with coarse quartz sand, generally somewhat finer than ~he glauconite, and with very
coarse fragments of fossils or with abundant
fossils. At some places it fills or penetrates
irregularly the skeletons or hollows of the fossil
shells. It is commonly accompanied by very
abundant sulphide \and in many occurrences by
fragments or nodules of brown, isotropic phosphate and by a peculiar opaque compact brown
substance, supposed to be some form of clay.
The glauconite not associated with stratigraphic
breaks usually occurs in small, rounded grains,
which are scattered through less coarsely fossil-·
iferous limestone or shale and compared with
those found at the stratigraphic breaks look
as if they were transported and· worn forms of
them.
The recognition of this association between
autochthonous glauconite and stratigraphic
breaks is essentially merely an extension and
application of the recognition by Cayeux 4 of
the connection between beds of phosphate and
movem~nts of transgression and regression.
In fact, Cayeux begins his paper by calling
attention to the association of glauconite and
phosphate in the modern deposits of phosphate
by which he seeks to explain those of the geologic past.
With such thick beds of glauconite in mind
as those, for instance, of the Upper Cretaceous
of New Jersey it would appear unreasonable to
assert that glauconite occurs only in association
with stratigraphic breaks. Apparently the conditions favorable to the formation of glauconite
are characteristically associated with periods of
maximu~ emergence or, according to Barrell's
definition, with periods of maximum elevation
of base-level 5 but are. not limited to this association. Cayeux formulates the law for the
Paris Basin that "all the deposits [of phosphate
• Cayeux, L., Genese des gisements de phosphates de chaux sedimentaires: Sbc. geol. France Bull., 4th ser., vol. 5, pp. 750-753, 1905.
5 Barrell, Joseph, Rhythms and the measurement of geologic time:
Geol.Soc. America Bull., vol. 2s, pp. 778,783,1917.
.-1

'l'

of lime] of the Upper Cretaceous originated
during periods of great disturbances of the
equilibrium of the ocean." I would make the
corresponding generalization that in the sections I examined autochthonous glauconite
occurs in the "Bend series" only within a few
feet above stratigraphic breaks or, where there
is no break, only in direct association with maximum elevations of base-level.
. It must not be concluded that glauconite is
merely a shallow-water deposit coextensive
with coarse sand and other near-shore deposits. In the section from the Seaman well
I have recognized several stratigraphic breaks
that are marked merely by sand, without O'lauconite. What assumptions may be ~ade,
then, as to the special conditions favoring the
formation of glauconite~ Cayeux, in the
paper cited, called attention to the fact that
modern accumulations of phosphate associated
with. glauconite occur in areas of the ocean
wher~ great destruction of life has been caused
by the meeting of a cold and a warm current.
But this is, as Cayeux recognized, too local a
phenomenon to account for widespread accumulations of dead organisms and is only on,e
of the disturbances of environment that might
result from a movement of base-level. Depth
of water and other elements of the environment would also change, and a change in any
of them might lead to the destruction of life
which would result in the formation of phosphate deposits. But I do not think it should
be assume·d that a change of environment over
a wide area, taking place suddenly, causes a
general destruction of life. The essential condition seems to me to be that as a result of the
disturbances distinct marine environments
come into contact without any physical barrier, an9. organisms passing from one to another
encounter unfavorable conditions and perish
in large numbers and during a .considerable
period of time. From this it. can be deduced
that glauconite deposits associated with a movement of base-level might not be everywhere
entirely contemporaneous, though from what
follows it will be evident that the time interval
between those formed in different parts of an
area as a result of a given movement of baselevel is not great.
The association of sulphide with sandy··beds
in this section admits of two interpretations,
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one of which. has been offered by Waite and paper or the determination of their significance
Udden, 6 who suggest that the sulphide is due as compared with other bedding planes must;
to mineralization after deposition, made possi- I believe, be postponed until many more obble by the porosity of the sandy beds. ·Though .serva.tions on this subject have been made.
some of the sulphide I fmmd in the coarse, gen- Every bedding plane represents a break in
orally more or less sandy basal beds may have sedimentation and is related by a series of
been introduced in this way, I am inclined to innumerable intermediate types to universally
believe that most of it is formed syngenetically recognized" disconformities" and finallv to unas a product of the same large amounts of de- conformities. Barrell's analysis of strati~aphic
caying organic matter that probably caused the breaks 8 is Yery illuminating, but their posformation of glauconite. This close relation sible causes seem to me so numerous and~ their
between glauconite and sulphide has been rec- possible relations so complex that, until more
ognizcd in n1oclern cleposits. 7 The occurrence detailed stud:y has giYen better ground for difof sulphide in the glauconiti~ beds encoun- feren tiation, I prefer to call t.he boundaries I
tered in the two wells here considered appears h~ve indicated merely stratigraphic breaks,
to be independent of the porosity of the beds. ·without attempting to define the relative order
So_fru· as n1ere in1pressions can be relied on, the. of magnitude of the time intervals they represulphide seems to be as abundant in the dense, sent. Thai they are at least" disconformities"
argillaceous phases of these beds as in the open, of order B-B in Barrell's system 9 is, I think,
sanely phases. Then, too, it is in several occur- unquestionable. In the accompanying plate I
renees associated closely with the shells in the have nsed the wavy line that is generally rebeds, :fi.lling the tissues of some of them.
ga.rcled ~ls symbolizing an 1mconfonnity mere~y
On the other hand; I crainecl the impression beeause it. emphasizes the breaks, without wishthat cherti:fication was r~ther more extensive ing thereby to indicate their significance.
in some of these coru·se basal beds than in beds
For the same reason that no more specific
that lay adjacent to then1, a difference which name has bee~ given to t~e stratigraphic·
may indicate effects clue to circulation, though breaks, the portwns of the sectiOn separated by
it n1ay be clue merely to the abundance of the ~reak~ ha~e been called n1erely straticoarse calcareous fragments in these beds. If graphic uruts, Without an att.en1pt to d'3termine
due to circulation, this supports the interpre- whethe~· they ~re of the order of memberR,
tation Qf Waite and Uclden, though it conflicts f.~rm atwns,_ s~~Ies, groups_, ·or a~y _othe~ re~og
with their observations. Probably the beds mzed subdivisions. -~heir variatiOn In lithcontain both syngenetic and epigenetic sui- ology and the re~ogmtwn of _most of them so
phi de, and though it may be difficult to dis- far_ only_ underground makes 1t seen1 preferable
tinguish these two types a possible means of to Identify thein merely by letters rather than
discrimination may be found in the fact that by nanles.
the sulphide f01.md in material from these wells
.LOCATION OF WELLS EXAMINED.
appears to occur in two forms, one minutely
spheroidal, generally gathered into large conIn order to give the n1ethod adopted for this
cretions, the other having sharp crystal faces. inve.stigation a thorough test it was desintble
These forms may be respectively syngenetic that the wells studied should be far apart and
and epigenetic. The problem deserves study, that the samples fron1 them should represent ·a
as the differentiation of syngenetic ap.d epige- nearly eomplete section of the "Bend series."
netic srdphicle would help to throw light on the In the collections available in the office of the
processes of circulation in the rocks.
United States Geological Survey these requirerrhe classification of t.Lle bedding planes that nlents seemed to be fulfilled by samples from
are overlain by glauconite and that mark the two wells of the R:.oxana Pet.rolelun. Corporabound11ries of the units difrerentiated in this tion--the Seamu.n No.1, in Palo Pinto County,
and the Rudel No. 1, in northern Con1anche
o \Vo.ito, V. V., and Uddon, J. A., Observations on tho Bond in Bough
No. 1 in Brown County: Am. Assoc. Petr. Geologists Bull., vol. 3, p. County, both of which were drilled into the
338, 1!)1!).
7

Collet, L. W ., Los d~pOts marins, especially pp. 168-Ii2, Paris, Octave

Doln, 1008.

s Barrell, Joseph, on. cit .• pp. 776-834.
9 Idem, fig. 5, p. 79\,
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Ellenburger limestone. The location of these DISCUSSION AND CORRELATION OF THE SEAwells is·shown on t.he accompanying map (fig.l).
MAN WELL AND THE RUDD WELL.
The distance between them is about 45 Iniles.
INTRODUCTION.
The section in the Seaman well is 1nuch
The following discussion will concern itself
thicker and much more sandy than the section
in the Rudd well. This accords with the belief only with the facts brought out in the graphic
that the land Inass from which the sedin1ents logs (Pl. I, in pocket) and with additional

FIGURE

I.-Outline map showing the position of the Seaman and Rudd wells, north-central Texas, and their relation to the "Bend arch.''
·
Copied from Texas Univ. Bull. 1849, map faci.pg p. 32, 1918.

of the "Bend series" were derived lay some- facts about the lithology tnat seem important
where to the northeast of the north-central for the correlation but could not be brought out
in those logs. For a knowledge of the general
Texas area. 10
character of the beds the reader is referred to
10 The probable position of this land mass was brought out by F. B.
Plummer in a paper read before the American Association of Petroleum the very clear, co.ncise, and well-illustrated
Geologists at its meeting in Dallas, Tex., in March, 1919, but in the pub- paper by Udden and Waite.U

lished version of that paper the only reference I find to it is in the discussion by David White (Am. Assoc. Petr. Geologists Bull., vol. 3, p. 149,
1919). It is also discussed in detail and the literature relating to it is
fully reviewed in an article by H. D. Miser, on "Llanoria," to be
published in the American Journal of Scie!lce.

u Udden, J. A., and Waite, V. V., Microscopic characteristics of the
Bend and the Ellenburger limestones, 26 pp., mimeographed and illustrated by photographic prints [Austin, Texas Bur. Econ. Geology and
Technology, 1919].
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'rho reader is urged to refer constantly to
tho graphic logs and to make his own detailed
contparison of the units in the two w:ells, cspecinlly as they are represented in the percentage logs. 'I'o make such a detailed cmnparison
in this paper, with the constant references to
depth that would be necessary, would n1ake the
discussion too cmnbersome, and as the facts
arc clearly brought out by the graphic logs it
seems superfluous.
Thoro aro son1e differences between the two
percentage· logs that can not be readily explained. They 1nay be due to defects in the
observations, especially to the fact that probably too few thin sections of sru11ples fron1 the
Seaman well were examined, or to facts that
arc not in agreen1entrwith the general principle
on which tho correlation is based. Besides,
minor variations that are disclosed in the percentage log of the Sea.man well n1ay bofcon-·
cealed in the percenta.ge log of the Rudel well
owing to the greater thinness of the equivalent
section in the Rudel well, so that of two sa1nples
representing any given thickness of beds that
from tho Rudel well generally represents a
greater tilne interval than that from the Seaman well.
The cmnparison of the units in the twq wells
will be based on the correlation I have arrived
at without at first proving this correlation in
each case. T'his is a necessary result of the
principle that the correlation is based not on
direct comparison of the lithologic character
of two units but on tho relation of that character to the character of for1nations above and
below.
UNIT A.

The exrunination of the 1naterial frmn the
Sean1an well was begun with material obta,ined
just below the lowest san1ple that consisted
m!tinly of yellow sand; of that fron1 the R udd
well with the lowest distinctly sandy sample.
The percentage logs bring out clearly the sandy
character of unit A, which differentiates it
unmistakably from the material that lies below
it. In and near the basal samples of this unit
frmn both wells were found certain fragments
of white sandstone which differed from others
in the same samples partly in being mo~e silicified but espeeially in that one surface, instead
of appearing freshly broken like the rest, was
dull, gray stained, smoothed, and slightly
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pitted, suggesting the surface of a sn1all pebble
(half an inch or so in dimneter) in a conglomerate. They have been represented in the
synthetic log by a conglomerate at the base of
unit A.
UNIT B.

In the samples from both wells· a difference
is imn1ediately noticeable in the character of
the shales that directly underlie unit A.
They are blacker, less blue-gray than the shales
of unit A, 1nuch less sandy, more calcareous,
and n1ore. sulphidic. In shales below unit A
sulphides are ahnost invariably present though
in varying abundance.
This unit is too thin in the Rudel well to permit much generalization about its representatiml. in the percentage ·log, though compared
with unit A in that log it is clearly much .
more calcareous and much less sandy. The
much smaller proportion of sand. in the Seaman well is also obvious in the percentage log,
but the increase of lime is slighter below the
contact.
The character of the basal boundary of lUlit
B is very different in the two wells. In the
Seaman well it has a feature of special interest
brought out in the pereentage log-a pronounced, fairly regular increase in sandiness
in the upper part of unit C, which reaches a
maximum at a depth of 3,045 feet, above which
there is a decrease in the amount of sand, also
rather regular but more gradual than the increase. The sand appears in sandstones and
shales, as represented in a generalized way in
the synthetic log. The increase in sandiness
of the upper part of unit C 1nay be only apparent, being due to caving of sandy material
from unit B in the drill hole, though the large
proportion of the sandy material in that part of
unit C is very much against this assumption.
If the facts are about as represented they may
record an ideal boundary between two units.
Wherever there is a sharp contact representing
a break between two units the sharpness of the
eon tact is due to the fact that the beds representing the time interval between the two units
have not been deposited there. Every such
break is due to a rise of base-level (the term
base-level being used in the sense given to it by
Barrell12 ). The true boundary between two formations is the sedimentary surface coinciding
~~

Op. cit., pp. 778, 783.
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with the maximum of the oscillation that produced this change of base..level. Some part of
the ocean bottom must remain submerged during a rise of base-level, and there the maximum
will be recorded in the sedimentary beds. In
the Seaman well a surface corresponding to this
maximum may be· included in the interval
represented by the sample from 3,040 to 3,050
feet, in which a maximum of sand would correspond to a maximum of shallowing. For
this reason the boundary between units B. and
C has been placed in the middle of that interval.
This boundary is of course not a disconformity
and is so represented only for convenience. ~
name to describe this surface would be useful. The name "akinetic ~urface" is . proposed and defined as the surface in a sedimentary rock which was the outer surface of the
lithosphere at some place at the moment an
oscillation of base-level at that place passecl
through its maximum. The word akinetic is
derived from the Greek word Ku,ew, I move,
and the privative prefix a. Although the interpretation here given of the boundary
between the two formations· is a possible interpretation of the observations recorded, it is
not inevitable. There may be a consi~erable
time interval, not represented by sediments,
between units Band C, and the apparent continuity may be du~ merely to the reworking
of material at the top of unit C into the basal
sediments of unit B.
A fact which causes doubt as to the true position of the boundary between units B and C
in the Seaman well and points toward its occurrence about the base of the sandstone shown
at 3,075 feet is the appearance in the ~an1ple
from 3,090 to 3,100 feet of shale blacker than
any above it and of a type which is distinctly
characteristic of unit C. The exact position in
this well of the boundary 'between units Band
C within an interval of 30 to 40 feet therefore
remains uncertain.
In the Rudd well the boundary is well defined
by a typical bed of autochthonous glauconite,
with much sulphide, some phosphate nodules,
very coarse fossils or fossil fragments, and a
little sand.
.DIFFERENCE BETWEEN THE SHALES OF UNIT B
AND THOSE OF UNIT C.

The prevailing shales· of unit B in the S~aman
well appear in thin section predominantly

finely granular or felty in appearance, passing.'
where coarser into micaceous and sandy shales.
They are of an even brown color. and full of
brown fragments. These fragments usually
increase in coarseness with the coarseness of the
sediment, and some of the larger ones can be
recognized as fragments of plant matter. Sulphides are common and are largely associated
with the plant fragments. The lime in these
shales, though locally very abundant, is generally
disseminated as a fine dust through the mass.
The prevailing shale of unit Cas seen in thin
section rnay be described as of the Marble Falls
type-that is to say, the matrix instead of being
ev.en and granular has more of a flocculent appearance, being anwrphous rather than com·
posed of fine mineral matter. The color is
usually a blacker brown and, in correspondence
with the flocculent character, is less even than
in unit B. Organic matter is undoubtedly
abundant but does not appear as definite units
but rather a.s a vague, irregular stain, indistinguishable from the argillaceous matter. Sulphides, though present, are therefore not generally as clearly associated with organic elements as in unit B. vVhether there is generally
more or less sulphide iri unit B or unit C could •
not b.e determined-by the eye, especially on
account of the great difference in the amount
of this constituent in different fragments. The
determination of _the part played by organic
matter in these shales and of its relation to the
amount and possibly to the manner of occurrence of the sulphide is one of the problems
which I hope to take up later. The most distinguishing characteristic of shale of the unit C
type is the occurrence in it of lime in coarse irregular fragments and grains, n1any of them
clearly fragments of shells. With the increase
of the amount and coarseness of the lime and of
the foss!l fragments or fossils the shale passes
by imperceptible gradations into black limestone ~ 3 and then into gray limestone. With
these differences in microscopic character between the shales of units B and C in the Seaman well goes a difference in their color to the
unaided eye. Those of unit Bare generally not
quite as black as those of unit C, being more of
a blue-black. They also usually effervesce less
actively in acid.
13 See Udden, .T. A., and Waite, V. V., Microscopic characteristics of
the Bend and the Ellenburger limestones, 'l'exas Bur. Econ. Geology,

1919.
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Although these two distinct types of shale are
characteristic of units Band C, neither of them is
absolutelyrestricted toitsrespectiveunit. Eac~
type is found in smaller amounts in theotherunit.
In the Rudd well the microscopic differences
between the shales of units B and C are. very.
slight. Sand is not at all abundant in unit B;
in tho thin sections of many chips there is none.
'rho groundmass of the shales of both units
appears eqmt.Lly flocculent. 11 he lin1e in the
shales of unit B is coarsely granular, distinctly
not tho fine dust that is characteristic of the
shale of unit B in the Sean1an well. N evertheless, it is not on the average as coarse as the
lin1e in tho directly underlying shales of unit C
in tho Hudd well, in which a few recognizable
con,rsc fossil frag1nents are included. Under
the hand lens the difference between san1ples
from adjacent parts of the two units is correspondingly slight. These observations on materin,l fro1n the Rudel well are in agreement with
the evidence of continuity between the two
units in the Sea.n1an well.
DISTINCTION

BETWEEN BLACK
BLACK LIMESTONE.

SHALE . AND

Frorn what has been said above of the gradations between black shn1e and black limeston1e
it follows, as pointed out by many previous
workers, 14 that the distinction between black
shale nnd black lin1estone is more or less arbitrarY. In mv work I have differentiated therr1
n.tui;1ly byth~ appearance of the chips. Angular
chips with shu,rp edges, more or less concave
surfn.ce,. and generally harder appearance I
hn.ve cn.lled .li1nestone. 'rhe flatter, more
rounded, nnd more regular chips I have called
shale. vVhere the appearanee of the thin section seemed definitely opposed to the classification based on the appearance of the chip I
have followed the indications of the thin section.
The opinion of the driller, who in addition to
seeing the chips knows how the bed drilled, n1ay
often be more reliable than an opinion deduced
merely from an examination by eye. On the
other hand, most drillers appear inclined to generalize the character of a com>iderable succession of materitt.ls. In the synthetic log I have
incorporated only my own conclusions, but the
fact.s above set forth should be kept in mind
when the synthetic logs.are examined nnd coinpared with the driller's log.
u Soo Am. Assoc. Potr. Geologists Bull., vol. 3, passim, 1919.
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UNITS C AND C'.

In the Seaman well unit C is far from ·coherent. In the percentage log it appears very
irregular. The only generalization that suggests itself is that this unit is distinctly calcareous in the lower part, containing very little
sand, but grows sandy toward the top, apparently approaching, more or less by oscillations,
the rise of base-level that separates it from
unit B. There is more room for considerable
difference of· opinion about the homogeneity
of this unit. in the Seaman well than about that
of any other unit in the section. If it is to be
subdi~~ided, the dividing line would be drawn
at 3,:320 ·feet, separating a distinctly sandy and
shal_y unit above from. a succession of black
limestones and shales below. To me these two
units have not appeared sufficiently distinct,
and no glauconite bed was found to indicate
a boundary. · The correlation with t.he Rudd ·
well supports this view.
In the Rudd well unit Cis very regular and
coherent, although it has five sandy zones which
may correspond to the five maxima of sand in
the Seaman .well. If, in accordance with this
correlation, the sand between 2,440 and 2,450
feet in the Rudd well corresponds to the sand
between 3,440 and 3,450 feet in the Seaman
well, the ratio between the part of the section
below this sand in the Rudd well compared
with the same part of the section in the Seaman
well is slightly less than the ratio between
the combined units C and C' in the two
wells. Thus:
·
In the Rudd well 2,445 to 2,525 = 80 feet.
In the Seaman well 3,445 to 3,640 = '195 feet.
The ratio is therefore 80 : 195 = 1 : 2.44.
The combined thickness of units C and C' is:
In the Rudd well 2,245 to 2,525 = 280 feet.
In the Seaman well3,045 to 3,640 = 595 feet.
The ratio is therefore 280 : 595 = 1 : 2.12.
This slight difference may be accounted for
by the greater· sandiness, implying more rapid
deposition, ih the upper part of unit C in the
Seaman well, as noted above.
.
In the upper part of this unit there is in both
wells a sands tone in the midst of shales-in ,,_,
the Seaman well between 3,180 and 3,190 feet
and in the Rudd well between 2,290 and 2,300
feet. In both wells it is largely dark gray,
medium grained·, and more or less calcareous.
In the Seaman well there is, in addition, a very .
little coarse white sandstone. Similar calcu-
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lations for. the distance of this sand from the
base of unit 0' show:
In the Rudd well 2,295 to 2,525 = 230 feet.
In the Seaman well3,185 to 3,640=455 feet.
Ratio 230 : 455 = 1 : 1.98.
The 1·atio of the distances of the sandstone from
the top of unit 0 is as follows:
In the Rudd well 2,245 to 2,295 =50 feet.
In the Seaman well3,045 to 3,185 = 140 feet.
Ratio 50: 140 = 1: 2.8.
The much closer agreement of the ratio of
distance from the base of unit 0' than the ratio
of the distance from the top of unit 0 with the
ratio of the total thickness of the combined
units in the two wells may indicate that the
upper boundary is placed too· high in the
Seaman well. If the boundary between 3,070
and 3;080 feet in .the Seaman well is chosen,
then 3,075 to 3,185=110 feet, and the ratio
becomes 50 : 110 = 1 : 2.2-that is, the ratio
from the top is almost identical with the
ratio of the total thicknesses. But in view of
the much more sandy deposition in the top of
unit 0 in the Seaman well than in the Rudd
well this agreement seems to me as much of an
argument against accepting the lower boundary
as favorable to it. Moreover, as the upper
boundaries of units are supposed to correspond
to more pronounced disturbances or interruptions of sedimentation, it is in general to be
expected that the ratios of intervals from any
bed in the unit to the top of the unit will be
less regular than those of intervals from the
same bed to the base of the unit.
One of the striking instances of parallelism
between the percentage logs of the two wells is
the similarity in the relations of unit 0' in both
wells. Unfortunately the samples from 2,480
to 2,490 feet, from 2,500 to 2,510 feet, and from
2,522 to 2,546 feet in the Rudd well are missing,
but there are enough samples to indicate that
the beds in both wells a little above the base of
unit 0' record a sudden invasion of a very sandy
facies 9verlying a thin layer of deeper-water sediments and immediately overlain by sediments
that were probably laid down in still deeper
water. In the Seaman well the baseofunitO'i'S
marked by a very typically developed glauconitic basal bed, more phosphatic than usual, almost
exactly similar material marks the base of
unit 0, and between the two is a sharplydefined very sandy layer. In the Rudd well
the base of unit 0' is also marked by a glau-

conite and phosphate layer, and a very sandy
black limestone between 2,490 and 2,500 feet
appears to represent the sandy layer, but a
distinct base for unit 0 was not located. About
80 per cent of the sample from 2,490 to 2,500
feet is a rather coarsely sandy, coarsely calcareous glauconitic and phosphatic black
limestone or shale, but all the fragments ex\amin~d appeared to have been formed above a
basal bed rather than as an actual basal bed.
In addition there were considerable traces of
coarse quartz sand (1 millimeter or more in
diameter). Evidently a basal bed of unit. 0
is present, but from the evidence summarized
above it can not be precisely located. The
basal beds of units 0 and 0' in the Seaman well
were the only ones not noted in the original
examination, probably on account of the black
color given to the fragments by the phosphatic
material, which seems to veil the glauconite.
For this reason and on account of the incomplete record in the Rudd well unit 0' has been
treated as essentially a part of unit C.
The respective depth relations of shale and
limestone discussed above (p. 3) are probably
well illustrated by a comparison of the composition of units 0 and 0' in the two wells. The
Rudd .well is in deeper-water deposits, and the
large amount of lime in the lower part of unit 0
in the Seaman well has its equivalent in an exceptionally large amount of almost sand-free
clay in the Rudd welL Lime is more abundant
in the upper part of unit 0 in the Rudd well,
corresponding to the shallowing indicated by
the large amount of sand in the upper part of
unit 0 in the Seaman well, and the shallowing at
the base indicated by the sand between 3,610
and 3,630 feet in the Seaman well is represented
by sandy black limestone in the midst of shales
in the Rudd well.
UNIT D.

Unit D perhaps more clearly than any other
unit in the two wells is correlated by the relation ·of its composition as illustrated in the percentage log to the composition of the units
above and below it. In the percentage logs of
both wells it stands out as a sharply defined
unit, more argillaceous than the units below it
and differing distinctly in the proportion of clay
from the unit above it. It is in both more
sandy and_ therefore. was probably formed in
shallower water than most of the lower part of

.
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unit C, and thus it affords one of the chief confirn1ations of the principle assumed above (p. 3)
to govern in a general way the relation of clay
and lime.. In the Seaman well it was deposited
nearer shore and is therefore less calcareous
than the lower part of unit C. In the Rudel
well also it was laid down nearer shore and is
therefore more calcareous than th~ apparently
deep-water shales of the lower part of unit C.
In the Rudel well unitDisdistinguished throughout by the abundance of calcareous spicules, a
characteristic of the Marble Falls limestone. 15
In the Seaman well this characteristic was not
noted in unit D, which is probably too argillaceous and sandy.
Although this is the highest unit to show
abundant spicular limestones and shales it does
not represent the highest horizon at which
they appear. In the material from the Rudel
well they were first noted, though in small
amount, in the sample from 2,490 to 2,500 feet,
and in that from the Seaman well in the sample from 3,210 to 3,220 feet, but in these
higher occurrences they were of a narrower
type than those in unit D in the Rudel well.
The base of unit D in the Seaman well is
marked by~ typically developed glauconite bed
with coarse quartz sa,nd, coarse fossil fragments,
phosphate grains, and abundant sulphides.
In the Rudel well, on the contrary~ though the
lithologic difference on the two sides of the
boundary is sharp, the basal phase of unit D
does not appear pronounced. · All that was
note.d was a small amount of sulphidic black
limestone or shale, a few coarse quartz grains,
and a Yery few fragments of black shale or
limestone with glauconite grains and coarse
fossil fragments.
UNITS E, F, AND G.

The rocks between the base of unit D and the
top of unit J fall naturally into two groups,
which will be treated as such in the following
discussion. The higher of these groups consists of units E, F, and G, which together are
characterized by abundant lime deposits with
minor detrital accumulations.
The most striking fact about this group of
units is the great irregularity of the ratios of
thickness between the units in the two wells
(see graphic logs, Pl. I, in pocket, and table,
I~

cr. Udden, J. A.• and Waite, v.·v., op. cit., pp. 16-lg.
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p. 1 7) and yet their close similarity in details
of lithologic succession, as brought out both
in the percentage logs and in the synthetic
logs. Another characteristic is the thinness
of some of the members and the rather poor
definition of some of their boundaries, especially as regards the development of glauconite.
The irregular ratios of thickness of the {lnits
may be explained by d!fferenoes in the amount of
erosion in the two localities before the formation
of each next higher {lnit. The greatest departure from the prevailing ratios between corresponding units in the two wells is shown by
unit E and may indicate that the unconformity
at the top of that unit represents a particularly long time interval. This inference is in
harmony with the very characteristic development of the basal glauconite bed of unit D
and with the pronounced distinctness of unit
D from the underlying units, a:s shown in the
percentage log. Another possible interpretation is difference in the rate of accumulation
of the beds in the regions of the two wells.
Unit E is mainly limestone and therefore, not
being primarily detrital, might have accumulated faster in the deeper water of the region
of the Rudel well than the combined detrital
and calcareous material in the region of _the
Seaman well.
The composition of unit E calls for little
special discussion. There is close parallelism
in the succession of its components in the tw__,o
wells-at the top a thin layer of purer limestone, then a thin more argillaceous layer,
and finally purer limestone nearly to the base.
In the Seaman well the first typical spicule
limestone or shale was noted in the sample
from 3, 790 to 3,800 feet.
The first gray limestone in the Seaman well
appears at the top of unit F. The strong development of sandy and argillaceous deposition at the base of this unit is brought out in
striking parallelism in the two percentage logs.
The sample fro~ the base of this unit in
the Rudel well contained a small fragment
consisting of sand loosely bound by a brown
substance, believed to be oil.
Unit G is most striking on account of its
great difference in thickness in the two wells,
yet its two main lithologic members, the calcareous one in the lower part and the argillaceous
one in the upper part, are represented in both
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wells. In the Seaman well sample from
3,960 to 3,970 feet occurs. a peculiar white to
light-brown or gray shale with minute brownblack spherules, 0.1 to 0.2 millimeter in diameter. Under the microscope the material is
seen to be very finely micaceous or sericitic,
with varying amounts of rather coarse sand.
The spherules are brown to almost opaque, are
weakly birefringent, and have a vaguely radial
structure, in some surrounded by a concentric
shell of similar substance. At the center of
many of them is a small sulphide concretion.
They are insoluble in nitric acid, and no test for
phosphorus could be obtained after fusing them
"o/ith sodium carbonate. It is hoped later to
determine their nature. Some of the ffmtures
of the matrix suggest a volcanic origin, but no
volcanic glass or unusual numbers of heavy
minerals were noted on microscopic inspection.
Material of this general type, much of it merely
white s~ale without black spherules, was found
distributed through the section in the Seaman
well from this uppermost occurrence in the
sample from 3,960 to 3,970 feet to fragments in
the sample from 4,165 to 4,180 feet-that is,
in units G, H., I, and J. This distribution without regard to lithologic facies or apparently to
any clear boundary is one of the factors favoring the belief in a volcanic origin. In the Rudd
well the only distinct occurrence noted was in
unit H between 2,780 and 2,790 feet.
The only show of oil recorded in the driller's
log of the Seaman well is in unit Gin the interval between 3,960 and 4,010 feet, but the exact
depth is not given. The horizon at which it
would seem most likely to occur would be that
of the coarse glauconitic basal sandstone of unit
G, just below 4,010 feet, which, as indicated in
the generalized log (column 6, Pl. I) is believed
to be the equivalent of the Ranger sand.
UNITS H AND I.

Units H and I are grouped together because
they stand out clearly from the units above and
below them by being more argillaceous and
generally containing more detrital material.
In the percentage logs of both wells there is also
a clear maximum of clay in unit ·H. Both
units in both wells show two maxima of sand.
The lower boundary of unit I is sharply defined
in the Rudd well, not only by a well-developed
glauconitic bed but also by a sharp and pronounced change, shown in both the percentage

log and the synthetic log, from the calcareous
material that prevails below it to the more argillaceous material above. In the percentage
log of the Seaman well there appears the same
sharp increase of shale accompanied by a basal
accumulation of sand, but the synthetic log of
the Seaman well does not show the sharp lithologic boundary, gray limestones being represented as extending into the lower part of unit
I. In the sample from 4,090 to 4,100 feet in
the Seaman well, in which the highest gray
limestone in unit I appears, traces 'of very
coarse quartz sand with a very few fragments
of coarse sandstone like that at 4,072 feet were
found, but the scarcity of these fragments and
the lack of a definite boundary here'in the percentage log make it seem probable that they
were derived by caving from beds above. The
sample from 4, ~26 to 4,130 feet in the Seaman
well also shows large traces of quartz sand,. but
no glauconite could be found associated with
them. The boundary chosen as the base of
unit I is therefore probably the correct one.
Probably units Hand I together as they appear
in the percentage log of the Seaman well record
an oscillation, a rise followed by a fall of baselevel between units J and G similar to that between units C and B, but the sharp change of
facies between units J() and I indicates that here
the rise of base-level was not continuous from
the underlying unit. The upper part of unit
I and the lower part of unit H, which were deposited during- the period of greatest elevation
of base-level, contain several layers with glauconite, sulphide, and sand.
To conform with the boundary between
units B and C, the boundary between units H
and I in the Seaman well should be taken at
4,045 feet, the approximate position of the akinetic surface, but on account of the greater
practidal availability of a lithologic boundary
and of uncertainty as to the position of the
akinetic surface due· to the mixed composition
of even individual small chips in this part of the
·section, I have chosen the coarse glauconitic
bed shown between 4,068 and 4,072 feet in the
syntl;letic log as the boundary between units
Hand I. In the sample from 4,060 to 4,070
feet there. is about 20 per cent of black calcareous, somewhat glauconitic and very sulphidic sandstone,. containing some of the
coarsest sand grains noted in any part of the section. But an entirely similar sandstone occurs
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in smaller amount between 4,040 and 4,050 feet.
The lower sandstone was chosen to mark the
boundary between units H and I in this well
because it is probably the lowest occurrence of
such material, because of its greater abundance, and because it seems to be more closely
related to the more definite lower boundary of
unit I-I in the deeper-water deposits of the Rudd
well. A light-colored sandstone shown just
above 2,765 feet in the Rudd well ana indicated by mere traces in the sample may be the
equivalent of the one between 4,040 and 4,050
feet in the Seaman well.
A peculiarity of the basal sandstone of unit
I-I in the Seaman well is its shattered condition!
Delicate veinlets filled partly with calcite and
partly with fibrous chert cut through sand
grains, through sulphide concretions, and
through cement.
In both wells an increa~e of lime in the upper
part of unit I-I is shown, reaching its maximum.
just below the base of unit G.
UNIT J.

I

Unit J falls in both wells into two parts
which are very similar but are separated by a
pronounced n1axin1um of clay sharply bounded
against the upper part. This n1aximum is accompanied in the Seaman well by a slight sandiness and especially by a peculiar hard, dense
black calcareous 1naterial containing a little unusually fresh, rather coarse glauconite and a few
phosphate spherules-material of the same
type as that which 1narks the base of the unit.
In the Hudd well the clay n1aximum is accompanied by a relatively large ~moun.t of coarse
sandstone and sand. As the two parts are in
general very similar and as vertical limits of
the occurrence of the basal type of materials
have not been determined and therefore the
boundary can not be definitely placed, the two
parts have not been separated as distinct units.
A peculiar feature of the lower division is that
it is decidedly more sandy in the Rudd well
than in the Seaman well. The difference does
not· seem to be an error of observation, as samples from thf3 upper part of the lower division
in the Seaman well were reexamined and no
sand or sandstone fragments were found,
though in the Rudd well1nost of the sand represented in the lower division occurs as sand
or sandstone easily recognized in the sample.
This relation of the lower part of unit J in the
32333°-22-2
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two wells is directly contrary to th.at prevailing
in all the units ·previously discussed and is
considered further on page 17.
The base of unit J i;n both wells is marked by
probably the best-developed glauconite bed
encountered in the section so far discussedthat is to say, the glauconite is unusually
abundant, coarse, fresh looking, and thickly
scattered through the thin sections. In the
material from the Rudd well some of the glauconite partly replaces or fills calcareous skele- ·
tons of organisms. There are an unusually
large number of phosphate nodules. Sulphide
is abundant. Sand is rather abundant in the\
material from the Seaman well ·but scarce in
that from the Rudd well and not coarse in
either. Shells and fragments of shells occur
in both wells but are particularly abundant in
the Rudd well. In many of the fragments examined these materials lie in a peculiar dense
to opaque brown matrix different from any
shales in the section. Many chips of this material in the solid look like limestone. A similar
substance forms the body of several chips
obtained near the middle of unit J, especially
in the Rudd well, and is the matrix of the
glauconite noted in the sample from 4,230 to
4,240 feet in the Seaman well. Possibly this is
phosphatic material. It requiresfu,rther study.
A peculiarity of the glauconitic bed in the
Seaman well is its occurrence in the sample from
4,300 to 4,310 feet but not in that from 4,310
to 4,320 feet, ~hough the character of the material from the lower interval leaves little doubt
that it belongs to unit J and not to .unit K.
As indicated in the introduction (p. 3), many
glauconite layers ·such as are characteristic of
unconformities are not directly at the contact,
but here the distance separatip.g them is
unusually great. In the E,udd well,· on the
contrary, the glauconite is evidently very near
the contact.
UNITS K AND L.

In the percentage logs units K and L respectively appear very similar in both wells, uri.it K
being calcareous and· separated rather sharply
from unit L. The beds of both units show
several lithologic characteristics that distinguish them from overlying beds.
In the Seaman well unit K consists of limestones of a distinct blue-gray color in the solid,
as against the black-gray of the overlying lime-
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stones. In thin section the limestone is much
purer than most beds of the Marble Falls
limestone and rather evenly crystalline, with
hardly· any traces of fossils, but in nearly all
fragments of limestones in. overlying units at
least traces ·of fossils are recognizable. The
shales of units K and L are also very distinctive, and those of unit L are of the s~me general_
character in bc;>.th wells, but the Seaman well
shows no shales in unit K. Iri the solid they
have generally a dull brownish-black appearance; in thin section they have a peculiar reddish-brownrustycolor and contain an evenly dis' seminated meal of more
.
or less fine angular sand
grains in a vaguely granular argillaceous matrix.
A third characteristic type of material looks
in the solid hard and compact like limestone
.but in thin section is seen to consist almost entirely of coarse rhombs of a colorless carbonate
in a dense argillaceous matrix. This material·
was found in unit K in both wells and in the
glauconitic bed shown between 3,042 and 3,048
feet in unit Lin the Rudd well. Very probably
it is dolomitic. I hope later to study it further.
Black shales or limestones with more or less of
rhombic carbonate in them are not restricted
to unit K. They are rather common in unit J,
.and isolated occurrences were noted in material
from 2,400 to 2,410 feet in the Rudd well and in
·the upper part of unit Din the same well. But
in these higher positions the rhombs are usually.
smaller and not so closely packed.
As may be seen in the synthetic logs_, unit K
is separated from unit Lin both wells by a bed
of very phosphatic limestone in which phosphate spherules and nodules and phosphatized
calcareous skeletons, including many echinoid
fragments, occur rather closely crowded in a
crystalline calcareous n1atrix. This is a typical
. phosphatic contact b.ed in which no glauconite
was found. Evidently there are different conditions at stratigraphic breaks which make
glauconite predominate at some and phosphate
at others. In general, the conditions that prevailed during the deposition of units K and L
seem to have been more favorable to the formation of phosphate.
Unit Lis composed almost entirely of a very
uniform succession of shale of -the type described above, which in the Rudd well seems
to be rather phosphatic, the phosphate occuring as small. brown spherules around 0.2 milliIQ.eter in diameter, very slightly different .in

color in thin section from the shale contaiJung
them.
At 3,042 to 3,048 feet in unit Lin the Rudd
well occurs an exceptionally characteristically
developed glauconite and phosphate bed of the
contact type. This bed does not, how·ever,
appear to separate any distinguishable units.
It is probably merely an indication that unit L,
like units H and I adjacent to their contact,
was formed under conditions approaching those
favorable for the formation of accumulations of
phosphate and glauconite, so that only a slight
shift of base-level was necessary to bring on the
favorable conditions. By its associations and
.in its appearance this bed therefore r~presents
.merely a renewal of the conditions that formed
the basal bed of this unit. In the Seaman well
an equivalent bed may· occur in the interval
between 4,420 and 4,470 feet not represented
by samples.·
The well-developed and horizon tally extensive glauconite bed that marks the base of the
"Bend series," which is here the base of unit L,
resting on the Ellenburger (Ordovician) limestone, was mentioned in the introduction. The
co_ntact facies is evidently very thin: In the
Rudd well only a small amount of coarse sandstone and coarsely glauconitic limestone with
some phosphate spherules was found. A peculiarity of the sandstone is that most of the grains
were shattered into two to four fragments only
slightly displaced and subsequently recemented
with what is probably opal. Probably a'relatcd
phenomenon is the pronounced elongation
and straining parallel to the elongation, slight
shattering, and penetration of glauconite by
sand from the surrounding matrix seen in a
fragment of the basal glaucoJ?.itic shale from
4,490 to 4,510 feet'in the Seaman well. Does
this indicate movement along this contact
plane,_ perhaps- as a result of folding.~ Shattering, apparently less violent, was noted in the
basal sandstone of unit H in the Seaman well.
(See above, p. 13.) In the Seaman well the
amount of the basal glauconitic material is even
less than in the Rudd well, so that is hard to
find in the sample. A peculiar feature of the
contact zone in the Seaman well is that the bed
of shale which carries the coarse glauconite was
found only in the sample from 4,490 to 4,510
feet, though the driller places the top of the
Ellenburger 9 feet below the base of that interval, and more than half of the sample from
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[sandy~] and black [calcaclays, with an occasional sn,ndstone
and limestone and an occasional bed of·sandy
shale. * .* ~ At Thurber * * * the ·section
* * * was principally bluish clay, or, as
the miners call it, slate [calcareous shale~],
with a few seams of sandstone a:r;td limestone."
In a subsequent report 17 Cummins dropped the
name "Millsap," and still later 18 he explained
that by tracing a coal bed of the Strawn formation to Millsap he had convinced hims~f that
the beds there were part of the Strawn. The
"Millsap division" of. Plummer 19 Cummins
says "is not the same thing" as Cummins's
."Millsap division." Plummer defines his
"Millsap division" as the "beds between the
Smithwick sh~les and the top of the limestone
members outcropping in Parker County,"
though without defining the precise top of the
Smithwick. lie describes the "Millsap" as
consisting, in its best exp0sure, at Kickapoo
Falls, of thick, massive dark-blue shales with
lenticular, unevenly beddedJimestones. It is
very interesting to note that he says that the
basal '·'Millsap" contai:r::ts a light-colored quartz
sand which is in places separated from the
Smithwick by blue marls and thin limy htyers.
That is to say, as appears in my synthetic and
percentage logs of the Seaman well, the maximum development of sand is somewhat above
the plane of most pronounced lithologic separation. The same agreement with the results
presented in the synthetic log in this paper
appears in Plummer's. statement-2° that "in
places the black shale [oi the Smithwick]
grades into a sandy blue and yellow-gray
layer above." Regarding the fossils Plummer
says that "the three lower limestones [of the
"Millsap division"] are found to contain a
fauna quite different from the overlying
Strawn beds," but also that it. is the opinion of
Dr~ R. C. ~oore that the fossils "are much
younger than the Bend fauna." The extreme
disconformity between units A and B and the
seemingly slight disconformity if not transition·
between units Band Cas brought out in Plate
I would lead to the belief that unit B, which I

4,510 to 4,519 feet consists of normal shale of mostly of "blue

the unit L type, apparently free from glauconite with the exception of one fragment, which
may well have come from above. The only
other trace of glauconite that could be found in
that sample was in a minute fragment of crystalline limestone, which was full of it. The
basal glauconite bed is not everywhere directly
at the contact, but 9 feet is an unusually great
distance for the lowest glauconite bed to lie
above n. contact. Moreover, the sample from
4,490 to 4,510 feet was estimated to contain
several per cent of white flint of the Ellenburger type. The relations do not seem entirely normal. In the synthetic log ·a thin
glauconitic limestone deduced from the single
fragment found in the sample· from 4,510 to
4,519 feet is represented, but this is evidently
very hypothetico.l.
GENEUAL CORRELATION WITH THE RECOGNIZED SUBDIVISIONS OF THE "BEND SERIES."

The section in the Rudel well-a sharply
defined upper shaly succession from 2,215 to
about 2,522 feet (thickness 307 feet), a previtilingly limestone succession from 2,522 to
2,962 feet (thickness 440 feet), and below this
to the top of the Ellenburger limestone again
prevailingly shale with a little limestone in the
upper part-is so similar to the generally
recognized section of the ''Bend series'' and the
Rudel well is so much nearer than the Seaman
~vell to the outcrop where the section was originally observed and na.med that the Rudel section
mu.y be taken as establishing the correlation with
the type section. In other wo~ds, the upper
shale, with the probable exception of the part
above 2,245 feet, is 'the Smithwick; the middle
limestone is the :Marble Falls limestone; and the
lower shale is the ''Lower Bend'' shale. By
mea.ns of the correlation proposed in this paper
these subdivisions can be carried to · the Seaman well.
A :few of the facts thus brought out require
discussion.
Unit A evidently belongs to the Strawn, but
.unit B is hm~d to place. If it lies immediately
abo,,e the Smithwick it should be the equivalent of what has sometimes been called the
"Millsap division." As originally described
by Cummins 10 the ''Millsap" is composed
10 Cummins, W. F., Geology of northwestern Texas: Texas Geol.
Survey, vol. 2, pp. 372-374, pl. G, p. 301, 1890.

reous~]

11 Cummins, W. F., Notes on the geology of northwest 'I'exas: 'l'exas
Geol. Survey Ann. Rept., vol. 4, p. 222, 1892.
IS Cummins,.W. F., Am. Assoc. Petr. Geologists Bull., vol. 3, pp. 14&

147, 1919.
19 Pltimmer, F. B., Preliminary paper on the stratigraphy of the Pennsylvanian formations of north-central 'l'oxas: Am. Assoc. Petr. Geolo·
gists Bull., vol. 3, p. 140,.1919.
20 Idem, p. 139.

/
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take to be about equivalent. to Plummer's
''Millsap division," should be correlated with
the Smithwick rather than with the Strawn.
The presence of a limestone in the lower part
of the Smithwick in the Seaman well, instead of
the shale in the Rudd well, and of ·Shale below
that in the top of the Marble' Falls in the Seaman well, instead of the black limestone in the
Rudd well, has been discussed above (p. 10)
with reference to genesis but requires additional
comment with reference to · nomenclature.
Frank Reeves, who has prepared a report to be
published by the United States Geologic~!
· Survey on part of the Ranger and Eastland ml
fields, tells me that in wells in that region a
"lime" called the "Smithwick lime" is rec. ognized. It averages about 100 feet in thickness, an9. its top lies pretty constantly 300
feet above the top of what is there called the
"Black lime," taken as the top of the Marble
Falls. Between the two lie shales called the
"Lower Smithwick shales." In the Seaman
well the relation- of the limestone between
3,430 and 3,590 feet (thickness 160 feet) in the
driller's log or between 3,470 and 3,610 feet
(thickness 140 feet) in the synthetic ·log and
the top of a sandy black limestone or calcareous black sandstone at 3,760 feet in both logs
(interval in driller's log 170 feet, in synthetic
log 150 feet) is so similar 'to the relation of
the "Smithwick lime," allowing for increase in
thickness at least of detrital members in the
direction in which the Seaman well lies from
the Ranger field, that it seems justifiable ·to
assume that the limestone in the lower part of
unit 0 is the "Smithwick lime." Then the
"Lower Smithwick shale" is essentially the
equival~nt of the top of the Marble Falls.
Whether paleontology would reveal this relationship is uncertain, as the fauna· might be
more influenced by environment than by time.
A consideration of thickness ratios in connection with those tabulated on page 17 supports this interpretation. Thus; a~suming the
Marble Falls in both wells to begin at the top
of unit D, we have:
D to J, Rudd 441 feet, Seaman 680 feet, ratio

E to J, Rudd 344 feet, Seaman 534 feet, ratio
1: 1.55.

Both of these conform to normal ratios. If we
assume that unit D in the Seaman well corresponds to the lower part of units 0 and 0' in
the Rudd well-that is to say, that it belongs
to the Smithwick-we have:
D to J, Rudd, 441 feet; E to J, Seaman, 534
feet; ratio 1: 1.21,
a very low ratio. Or, if we compare Sn1ithwick '
thicknesses, we have:
0+0', Rudd, 275 feet, Seaman, 595 feet, ratio
1: 2.16,

a high ratio; but assigning unit D in the Seawell to the Smithwick we have:

m~n

0+0', Rudd, 275 feet; 0 to D, Seaman, 741
feet; ratio 1: 2.7,

which is the highest ratio between corresponding units in the two wells except that for unit G.
The Marble Falls limestone is so well defined a
formation, except for the argillaceous unit D at
the top and the limestone of unit K below it,
that its identification calls for no special discussion. The .well-developed basal bed and the
numerous lithologic differences which separate
it from unit K have been noted above. The
inclusion 'Of unit K with unit L as part of the
''Lower Bend," of Mississippian age, as against
the Pennsylvanian age of the Marble Falls, is
absolutely justified by the fossils. P. V;
Roundy, of the United States Geological Survey, who is making very fruitful researches in
~he neglected field of micropaleontology, reports that in the Seaman well the lowest Pennsylvanian fossils he found were in the sample
from 4,300 to 4,310 feet-that is, about 10 feet
above the base of unit J-and the highest Mississippian fossils in the sample from 4,370 to
4,380 feet.:___that is, about 50 feet below the top
of unit K. In the Rudd well he found unquestionable Pennsylvanian fossil~ in the sample from 2,920 to 2,930 feet; probable Pennsylvanian fossils in the sample from 2,945 to 2,950
feet, about 12 feet above the contact; questionable Mississippian fossils in the sample from
1: 1.54.
2,965 to. 2,970 feet, about 3 feet below the conOr, assuming it to begin with the top of unitE tact; and definite ·Mississippian fossils in the
sample from 2,975 to 2,985 feet .
.in both wells, we have:
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RELATIVE TIDCKNESS OF THE. SECTION IN THE
The presence of the ' 'Lower Bend'' limeTWO WELLS.
stone in both wells in proportionately nearly

The relative thicknesses of the units are pre- ·equal thickness underlying the big unconformity that separates it from the :Marble Falls
sented in the following table:
Relative thicknesses of 'units .A to L in Rudd and Seaman 'Wells.

"'

Thickness (feet).

Depth of base (feet).

Ratio (Rudd
to Seaman).

Unit.
Rudd.

Seaman.

:Rudd.

Name.

Seaman.

-A
B

2,215
2,247

2, 6(i5 ............... ............... .............. Strawn formation.
1: 11. 87 ''Millsap division.''
32
380
8,045
................... (?) .....................

0 ...............
0' 2, 522-1-?

3,610
·3, 640

2,619
2,690
2, 713
2, 744
2,805
2,841
2,963

3, 786
3,840
3,870
4,015
4,072
4, 132
4,320

2,985
3,075

4,372
1,519

.D
E

F
G

H
I

J

}

{

565
30

}

1: 2. 165

True Smithwick shale.

1:
1:
1:
1:
1:
1:
1:

.!!1
......

23
31
61
36
122

146
54
30
145
57
60
188

22
90

52
147

1: 2. 365
1: 1. 635

860

1,854

1: 2. 155

828

1,474

1: 1. 78

275
97
71

1. 505
0. 761
1. 303
4. 68
0. 935
1. 665
1. 541

...,-

o.>o

a> o.>oo

L

Total. ..............••
Tot~l.w;ith~~·t "Millsap
dlVlS.lOn. . ..........

>.
00

~~=~-~

~o,.....l=l""'='

1=1
1=1

:OO,)"CS~

~

O,)~~~"t)

0,)

'"'s"'C ~
~;..::::: ;::lo.l
~ ~C/.2

...,- 1=1...;

K

"Lower Smithwick shale."

g
-~
:>

"'Co.l~O,)

'g~~~

~C'IO,)~

~C/.2~

''Lower Bend" limeston~.
''Lower Bend" shale.

}'"

·~-~

mO..
......
0..
~-a_)

There is little to generalize about in this table. limestone is very surpnsmg. Doubtless the
The region of the Seaman well, as pointed out hardness of the ''Lower Bend" limestone
on page 6, was nearer than the region of the tended to preserve it. as the surface bed, but
Rudel well to the old land mass from which the even so its occurrence· in this way, if general,
"Bend" sediments were derived; hence the implies a remarkable planation before the- depsecti~n is nn1Ch thicker there. In some indi- osition of the !viarble Falls. Possibly the posividual units, however, this relation is reversed. · tion ·of both wells near the ax:is of the ''Bend
Through units C, D, and E there is a continu- arch" (see fig. 1, p. 6) has something to do
ous decrease in ratios of thickness with increas- with this similarity. It would be interesting
ing deposition of lime, but this relation to lime to determine whether any relation exists bedeposition does not hold throughout the sec- tween position on the "Bend arch" and the
tion.
erosion of the ''Lower Bend" limestone and
It is worth special notice that the dominant shale before the deposition of the lowest
thickness ratio applies also to the ''Lower Pennsylvanian beds.
Bend" in the two w~lls, a fact which indicates COMPARISON OF THE SYNTHETIC LOG OF THE
that approximately the same land supplied · SEAMAN WELL WITH THE DRILLER'S LOG.
sediment to this region during tl?-e earlier !\1isMere hasty inspection reveals at once the
sissippian deposition. This fa.ct opposes the· wide divergences between the synthetic log and
assumption, which is. also otherwise improba- the driller's log, the failure of the driller's log to
ble, that unit J derived its sediments from a bring out many essential features, and the
different source than the overlying members of error in many identifications. · In part these
the Marble Falls. The apparently greater errors and inaccurapies are doubtless due to the
sandiness of parts of unit J in the Rudd well special difficulties presented by the section in
than in the Seaman well may therefore, for the Seaman well, particularly to the mixing of
lack of a better explanation, be tentatively ingredients in individual beds and the rapid
attributed to local currents.
alternation of beds of different composition.
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It Will not be worth while to go into a detailed
comparison; the reader can make his own on
the graphic logs, but a few of the larger similarities and differences will be pointed out. In
the driller's log of the Seama:Q well at least part
of the true Smithwick shale might be recognized
in the blue shale and slate between 3,150 and
3,430 feet, and the approximate limits of the
"Smithwick lime" between 3,430 and 3,590 feet.
The approximate limits of the ''Black lime'' are
indicated between 3,760 and 3,870 feet. The
similarity of the upper part of unit J ta the
lower part does not appear. My observations
indicate that the only basis for the identification
of ''sand" between 4,190 and 4,200 feet is a
small amount of slightly sandy shale, most of the
. material being pure black limestone. Apparently the driller mistook Jlint for sand. The
"Lower Bend" shale is well .defiiwd, and the
distinctive blue-gray color of the "Lower Bend"
limestone is brought out by the term. "dark-gray
lime" applied to the material between 4,370
and 4,420 feet, as against" black-gray" applied
to the Marble Falls limestone, though the upper
boundary assigned is 20 feet too low. The
essential fact I wish to emphasize, however, is
that no matter how faithfully a log may represent the dominant lithology of any part of
the section penetrated it is not likely to bring
out those facts which are needed for establishing an accurate correlation. I believe that an
adequate basis for arriving at the stratigraphic
results needed in pre~e11t-day oil geology can be
furnished only by a graphic percentage log,
which, unlike even the best verbal or graphic
log of the usual type, records not merely the
dominant rock but shows in quantitative terms
the proportions within that rock of the principal
constituents, and, to supplement this log, the
determination of any characteristics or materials of special significance.
GENERALIZED LOG AND POSITION OF OIL
SANDS.

To summarize the results of the study of the
Rudd and Seaman wells the generalized log in
column 6, Plate I, has been prepared. The
thicknesses assigned to different parts of the section are based on average thick?esses in the
Ranger field, as reported by different w!iters. 21
21 Reeves, Frank, unpublished report of the United States Geological
Survey on the Ranger a.nd Eastland fields and oral communications.
Matteson, W. G., Central Texas oil fields: Am. Assoc. Petr. Geologists
Bull., vol. 3, pp. 173-175, 1919. Plummer, F. B., Pennsylva.nia.n formations of north-central Te~as: Idem, pp. 139-140.

As the Ranger field lies between the two
wells the thicknesses used are also for the
most part intermecJ.iate between those in the
two wells. In this log thicknesses of certain
beds ·which I wished to emphasize, especially
.of glauconite and sandy beds, have been very
much exaggerated.
As the most immediate object of this investigation is to supply a framework for determining
exactly the stratigraphic position of oil horizons
in the "Bend series'' in north-central Texas, I
have made an attempt to indicate in a general
wa.y the possible position in my generalized
section of the oil sands recorded by several
geologists. The records I have used may be
summarized as follows:
Reeves.

[Op. cit. The numbers given to the sands in the generalized log, column 6, Pl. I, in pocket, correspond to the numbers in this list.]

1. "Smithwick lime" (Breckenridge, Caddo, or False
Black lime).
2. "Lower· Smithwick shale, " 80 to 160 feet, above the
"Black lime. "
3. Top of "Black ·lime. "
4. Second pay, 70 to 130 feet below the top of the'" Black
lime."
5. McCleskey or Ranger sand, 180 to 220 feet below the
top of the "Black lime. " Usually directly overlain
by gray limestone.
6. Fourth pay, 270 to 300 feet below the top of the ''Black
lime."
7. Fifth pay, 420 to 460 feet below the top of the "Black
lime.''
Matteson.

[Op. cit., p. 192.]

(a) E?mithwick shale; oil and gas from lenticular sands.
(b) Contact of Smithwick and Marble Falls.
(c) Fincher sand, about 95 feet below the top of the Marble
Falls [Marble Falls equals "Black lime"?]. Really
a sandy limestone.
(d) Gordon sand f=McCleskey or Ranger sand?], 130 to 225
feet below top of the Marble Falls. Overlain by :UO
to 160 feet of gray lime.
(e) Jones sand, 325 feet below the top of the Marble Falls
(Ranger field).
(f) Veale sand (Caddo, Stephen,s County), 640 feet below·
the top of the Marble Falls.
Hill.

[Hill, R. T., Petroleum in the Texas Bend series; Oil Trade Jour.,
June, 1918, p. 88.]
.

I. At Caddo, Stephens County, immediately below the
top of the "Black lime."
II. South of Breckenridge, Stephens County, at less than
100 feet in the ["Black"] lime.
III. At Ranger, somewhat over 200 feet in the ["Black"]
lime.
IV. At the Morris ranch in Coleman County, in the midst
of black shale, over 200 feet below the bottom of the
black lime.

LITHOLOGIC CORRELATION IN " BEND SERIES," TEXAS.

If the top of the ''Black lime'' is taken at
520 feet in the generalized log, or a little above
the top of unit E, and it is remembered that
the ·sean1an well section is thicker ap_d the
Rudd well section thim.1er than that at Ranger,
the basis for the ide~1tification of oil horizons
that I have suggested in the generalized graphic
log can be readily worl~ed out. If my
attempted identifications are for the most
part nearly right a conclusion bearing on the
theory of the origh1 of oil is suggested. Almost
all or all the horizons indicated correspond to
the highly glauconitic, phosphtttic, sulphidic,
coarsely sandy beds of the type that marks
the bases of units. That the minerals formed
at these horizons are all the product of decaying organic matter, probably mostly animal
matter resulting from an unusual destruction
of life, seems almost certain. Then the presence of oil in these sands may be due not only
to the porosity of the sands but also to the
accumulation of · organic matter directly in
association with them.
Deductive considerations in themselves favor
this assumption, for the coarsest sands will
naturally be deposited at the bases of units,..
believed to represent the beginning of transgressions, and the coarsest sands are the ones
in which oil is generally assumed to accumulate. But as almost all these basal sands are
characterized by minerals beiieved to be due
to unusual amounts of organic matter the
relation between the coarseness of the sand
and the origin of oil directly in it is inherent.
Loeal factors, such as cementation, may determine the exact position ·of the oil-bearing bed
in a sandy succession of beds, but the fact
remains that the presence of the oil and that
of the sand are independent effects of the
same cause, rather than that the presence of the
oil is the effect of the presence of the sand. For
that reason it makes little difference whether
or not in a sandy series like that in and adjacent to unit H, where the Ranger sand probably
occurs, the position of the sand corresponds
exactly to one of the beds chosen ·as the base
of a unit or not. It is worth noting that tP,e
coarsest sandstone from the Seaman well seen
under the microscope occurs at the base of
unit II, one of the beds suggested as equivalent to the Ranger sand, and that in the same
position in the Rudd well a considerable amount

19

of coarse sand distinguished by a red ferruginous stain was found.
Obviously an attempt to Identify oil sands in
wells which have not been found to be productive, from general figures and statements as to
their positions, is a very speculative and arbitrary proceeding, more likely to express the
preconceptions of the author than to form the
basis for conclusions. From the synthetic logs
of the individual wells it is evident that' the wells
penetrated numerous thin sandstones that have
not been represented in the generalized log and
more sand and sandstone than could be represented in the synthetic logs. It has been
impossible to indicate in the synthetic logs many
sandstones that were neither isolated nor thick,
and the driller often fails to record slight
amounts of coarse sand or sandstone. On that
account the graphic logs can not be taken· as
conclusive reference data as to the occurrence of
possible oil santls. But there are two such
sands that can be identified with considerable
ce~tainty. One of them is Reeves's No. 3, of
which he says that it is at the top of the "Black
lime." This is taken to be the same as Matteson's b, of which he says that it is at the contact of the Smithwick and Marble Falls
(presumably the "Black lime"), and Hill's I,
of which he says that it is immediately below
the top of the "Black lime." But my logs of
the Seaman well show that at the base of unit
D calcareous material was deposited, like that
at the top of unitE (the major portion of the
"Black lime") but more sandy; hence there is
good reason for believing that sand No. 3
corresponds with the basal be<;! of unit D.
The other sand that can be rather definitely
identified is the Ranger sand (Reeves's ·No.
5), of which both Reeves and Matteson say that
it is directly overlain by a considerable thickness of gray limestone. The intervals given by
Hill, Reeves, and Matteson all agree pretty
closely, and as the basal bed of unit G is the
only sand found in that part of the section
overlain by a considerable thickness of gray
limestone, the identification seems fairly trus.tworthy. The sand at the base of unit H, at
780 feet in the generalized log, is one of the
coarsest noticed in the section; and that bed
or any of the beds between it and the one at the
base of unit G may be the producing bed, but
it seems most likely that in the ~anger field the
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sand at the base of unit G is the main producing
sand. As the Ranger sand, according to
Reeves, is in places 40 feet thick it may be that
locally the entire sandy portion of the section
from the base of unit H to the bas.al bed of
unit G, inclusive, constitutes the productive
bed.
NATURE OF THE OIL-PRODUCING BEDS.

The lithologic charactel' of the oil-producing
beds seems to be one of the interesting subjects
of. research in the north-central Texas fields.
Though I have no precise evidence as to the
stratigraphic position of the oil-bearing beds,
I have examined seven samples of reported oil
"sands" in the collection of the United States
Geological Survey. In a general way these
samples consisted of sandy black limestone or
shales, in some samples coarsely sandy, in some
associated with coarse sandstones, but the lat. htly cemen t ed WI"th
t er are usually ra ther t 1g
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f th
cal CI e or s1 :~,ca.
n In sec IOn none o
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d
h
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d
matenals appeare porous enoug to e goo
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.
. .
.
made
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. determinatiOns
.
.
of similar matenal from north-central Texas,
·
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h
f h
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this material Is not t e source o t e 1arge quan· '·
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d· h
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I
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tit1es o 01 pro. uce In. t . e regwn.
n vww. o
.
the fact that In
. assomatwn With oile
. of these
samples and With se'veral basal beds Ill the Seaman and Ru~d wells loose grains of coarse sand
were found, It seen1:s more probable that there
are beds of sand or sandstone ·so loosely cement~d th~t. fragments of them are no~, recove:ed In ?ri~hng and that these ~eds yield ~he
OIL This Is, howev~r, _a questiOn on Whi~h
those ~ho have studied It more closely an:d rn
produ_m?g wells are more competent to ~xpress
an opiniOn.
TIME REQUIRED FOR TIDS METHOD OF WORK.

:t found that I could examine the samples
at the rate of about two an ·hour. I had
about· two thin sections for each sample from
the Rudd well and studied these at the rate of
about five an hour, but as the materials of the
Seaman well· were new .to me, I studied the
thin sections at the rate of about three an
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hour. Probably the study of the thin sections
from a sample would take nearly as much
time as the study of the sample. This is an
approximate rate for establishing a type section in a new field. In a small area where the
section is established the rate of study might
for merely practical purposes be much faster.
Thin sections can pe prepared at the rate of
about one and a half an hour. In addition to
the petrographer probably two assistants to
grind thin sections and to wash, file, and perhaps make certain tests on the samples would
be required. I would urge care in washing
the samples, as quartz sand, glauconite, and
other important ingredients are frequently
·among the finer parts and are likely to be
washed out.
SUMMA~Y AND CONCLUSIONS.
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· In
· th e sec t'IOns
Is
here described at or near the base of the upper
unit a .thin isolated bed containing coarse
crlauconite associated With abundant calcareous
~hells or 'coarse shell fragments, phosphate,
very ab~ndant sulphide, and coarse sand.
Any of these constituents may ·be absent or
may predominate. Glauconite is, however,
the one most likely to predominate, and after
that phosphate.
Where the effect of maximum rise of baselevel is marked by the greatest. proportion of
coarse detrital material in a practically uninterrupted rleP,ositional sequence the conditions
favorable to the formation of the glauconite
bed may not occur just at the same time. In
that~ case the horizon of the surface of the lithosphere at that. place at the tin1e of greatest
elevation of base-level (the akinetic surface),
if it· can be definitely recognized, should· be
taken as the boundary.

LITHOLOGIC CORRELATION IN ~'BEND SERIES," TEXAS.

vYhere the percentage conlposition of the
beds above and below the contact of two units
,is the same, however, it Inay be necessary to
depend on the glauconite bed to mark the
boundary.
D.irectly observable lithologic peculiarities
hu.ve generally been found useful for. separating only the larger, chronologically most widely separn.ted port.ions of the section, not for
differentiating the lesser units.
I wish to emphHsize that I do not claim that
the methods used here will be applicable ev~ry
where. In regions of deposits formed very
near shore, including much sandy material,
larger fluctuations may be so confused by
loenl vu.riations of conditions that· it may not
be possible to disentangle them, though I believe that the n1ethod of study by means of
the percentage log is always. worth trying.
Under these near-shore conditions also
glu.uconito probably does not form, as is indicated b.r its absence at the base of the Strawn
in both wells and at the base of unit B in the
nearer-shore Serunan well. On the other hand.,
as noted above, a typical glauconite layer wa.s
found at the base of a sandy formation, probably the Strawn, near Richland Springs, in
Sn.n Sab~L County. At least this basal type of
formation would be worth looking for in every
section until the conditions . under which it
occurs n.re bet.ter known.
Glauconitic basal beds mark the contact of
the Mississippian ''Lower Bend'' shale with the
Ordovician E.llenbuTger limestone and the contact of the Pennsylvanian :Marble Falls limestone with the Mississippian "Lower Bend"
limestone. IIere they separate units whose
distinctness is beyond question. What is then
the significance of the units defined by other
basal glauconite beds~ I think these must be
accepted as definite and persistent stratigraphic elements, many of which paleontologic
evidence has not yet discriminated. Maybe
these elements can not be recognized paleontologically, but that does not invalidate them, if
they are persi~tent and can be recognized lithologically. Probably these units are not all of
the same order. The determination of their
more exact chronologie and genetic significance
in an analysis of sedimentary processes such as
that outlined by Barrell 23 must await the accumulation of many 1nore facts. Meanwhile,
u Barrell, Joseph, Geol. Soc. America Bull., vol. 28, pp. 776-834, 1917.
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it must be realized that faunas and sediments
are both cmnplicated responses to complicated
conditions .and are to the investigator merely
tools the accuracy of whose product depends
on the skill of the hands that use then1. Time
and environment are two independent factors
in the change of fatmas. When the time is
relatively short and the changes in environment
slight the changes in faunas ·may be slight,
though the lithologic change is widespread and
distinct. On the other hand similar lithologic
facies may be characterized by faunas that can
not be differentiated, though the times at which
the similar facies were deposited ~ay be rather
widely separated. Therefore, the conclusions
that appear to be indicated by fossils. can not,
I believe, offhand and without critical analysis,
be taken to supersede those derived from the
rocks themselves.
Lithology has an especial advantage in the
correlation of well sections, because lithologic
material is obt'ained from the entire well, but
fossils, even micro-fossils, are generally found
only at intervals. It is therefore always possible to ascertain a good deal about the lithology and consequently not only to recognize
units but, where distinct basal beds are present,
as here, to place the boundaries of these units
with precision· within the limits of a single
sample.
Some of the problems awaiting solution by
.the study of the lithology of well di·illings have
been referred to in the preceding pages. The ·
most fundamental of these problems is the extension and development of cmTelation by the
work of petrologists and micropaleontologists.
The ·method and conclusions presented here
need to be checked, refined, and given greater
p~ecision. Other microscopic criteria will doubtless be developed, and chemical and physical
tests may be expected to furnish additional
criteria. One of the criteria I hope to take up
next is the mineralogy of the units. The possibility of finding horizon-markingindexminerals,
especially among the rarer heavy minerals of
sedimentary rocks, has been tested by several
investigations. The results have not on the
whole been very satisfactory. The great variety of minerals present in any sediment and
local variation due to currents or independence
of drainage areas feeding into a common basin
tend to confuse the differences corresponding
to differences in age. However, as index min-
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erals, if they can be found, afford a much simpler, more direct, and more rapid means of recognjzing horizons than the method here presented
they are worth looking for.
Except as a means of locating producing
beds, however, correlation is for the petroleum
geologist merely a preliminary to the solution
of his other problems, such as paleogeography,
accumulation and migration of oil, and metamorphism-or, as some may prefer to call it,
diagenesis and metamorphism-of the rocks
as an index to the processes that have affected
the oil. The solution of these problems will
be advanced not, I believe, by direct observation in a single well but by compilation of similar data from a great number of wells, in the
same way that the problems of surface geology
aTe solved by areal mapping. The acquisition
of the neces.sary data is beyond the capacity
of a single individual or a single organization.
It is therefore to be hoped that the producers
of oil will sufficiently realize the importance to
their industry of the solution of these problems
to enable their geologists to cooperate in investigating them.
Geologists in general should come to regard
the study of well drillings as a field worthy of
special attention. The illfo'rmation afforded
by a continuous sequence of drillings from a
single well, from the wells in an extensive field,
and from several fields in a larger area has a
detail, completeness, and extension which are
generally lacking in surface observations.
Moreover, once a field is fully drilled an opportunity to acquire records of its subsurface
stratigraphy is gone forever.· It .is therefore to

be hoped that every effort will be made to preserve complete series of samples from wells
and that central 'places may be found where
these samples can be stored for permanent
reference.
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ORTHAULAX, A TERTIARY GUIDE FOSSIL.
By C.

WYTHE CooKE.

INTRODUCTION.

'
Since the publicu.tion of Dall's
"Tertiary
fau.nn. of Florida" in 1.890/ when the genus
0Ttha'ulax wu.s for the first time n.dequu.tely
described, much importance has attached to
0Tthaulax as a horizon marker. Twenty-five
years later Dall 2 voiced current opinion when
he said:
0

I

This genus is the most characteristic and typical of. those
belonging to the middle Oligocene of our southern Coastal
Plain and the Antilles, including Middle America. It
does not appeal' inthe Vicksbmgian fa.una or the nummulitic Ocala beds of Florida; it seems to have become
extinct before the development of the Oak Grove, Fla.,
fauna. So far it has been recognized in the middle Oligocene of San~o Domingo, Cuba, Antigua, the Canal Zone
of Panama, the Tampa silex beds, .the Oligocene of Bainbridge, Ga.., and the lower bed at Alum Bluff, with its
stratigraphically equivalent marl of the Chipola River,
Fla. It is not known from the Bowden beds of Jamaica,
which are doubtless younger than the Haitian Oligocene
explored by Gabb, if indeed the latter he not divisible
into several distinct horizons.
But the range in time appears so narrow and the genus
so shu.rply characterized that, according to our present
lmowledge, the discovery of a species of Orthaulax in a
Terqary fauna may be taken as positive proof of its middle
Oligocene age.

Since that statement was written the arbitrary boundary between the Miocene and the
Oligocene hn.s been shifted downward, so that
the nmge in time of Orthaulax as then· known
straddles the greater part of the Oligocene and
the lower Miocene of the present stanqard
geologic time scale. The recent rediscovery of
the genotype in an unsuspected stratigraphic
position in Santo Domingo, as well as the
attempt to identify another species from Santo
Domingo, mnde necessary a critical study of
all the tLvailable specimens of the genus. The
facts assmnbled in this investigation appear to
Wagner Froo Inst. Sci. Trans., vol. 3.
·
Dall, W. H., A monograph of tho molluscan fauna of the Orthaulax
pugnax zono or tho Oligocono of Tampa, Fla.: U. S. Nat. Mus. Bull. 90,
1

2

I>· 86, 1915.

n1e so interesting and important thtLt i£ seems
worth while to restate the old and to put the
new on record.
THE GENUS.

Orthaulax is a marine stromboid gnstropod
resembling the common conch in many respects
but curiously different from it in others. While .
still comparatively young the animal extends
the outer lip of its shell to the tip of the spire,
and continued growth envelops the entire spire
in the domelike body whorl. The narrow space
.between the spire and the enveloping whorl soon
fills with enamel. Sorne strombs exhibit a
similar tendency to cover. their spire with
enamel and to carry the lip to the summit, but
I know of none in which the process begins so
young or proceeds so far as in Orthaulax.
Hippochrenes also extends its lip to the spire,
but this does not occur until the animal has
attained maturity, so that its spire is not wholly
involute as in Orthaulax. Figure 1, Plate II,
representing a living species of Strombus, has
been introduced for comparison. In all the
known species of Orthmtlax the outer lip lacks
the prongs and knobs that characterize many
species of Strornbus, Rostellaria, and related
genera. The Eocene genus Oalyptraphorus
bears a superficial resemblance to Orthaulax,
but the covering of the spire of Calyptraphorus
seems to be simply enan1el spread over it after
the animal attains maturity and is not an integral part of the shell.
The genus Orthaulax was defined in 1872 by
Gabb, who used as genotype Orthaulax inornatus, from Santo Domingo. In 1887 Heilprin
desc~ibed a new species, pugnax, from the
"silex bed" of Tampa for which he proposed
the new genus Wagneria. Three years later
Dall described a third species, 0. gabbi, from the
Chipola in~rl of Florida, and 1vfaury has recently
added a fourth species, 0. aguadillensis, from
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Porto Rico. Orthaulax caepa from Cuba, here and the figure is reproduced here· (Pl. II, fig. 5).
described as new, completes the list of known Gab b figured specimens of Orthaulax inornatus
in 1872 from Santo Domingo, but . as he. was
species of Orthmdax.
addicted to the labor-saving but highly repreCRITERIA FOR DISCRIMINATION OF SPECIES.
hensible habit of stuffing his pockets with unIn discriminating between species of Orthau- labeled specimens, the locality at which he
lax several classes of eriteria Inay be used:
found them is not recorded.
The external form of the shell is of value but
The stratigraphic position occupied by Orcan not be relied on as infallible. Cross sec- thaulax inornatus in Santo Domingo long retions of 0. inornatus, 0. ag1wdillensis, and 0. mained unknown. · Because of the presence of
ca.epa, so· far as we know, are always nearly this species somewhere in Santo Domingo, precircular, and 0. pugnax and 0. gabbi are usuully sumably in the valley .of Rio Yaque del Norte,
subtriangular, but n1any immature specimens Maury 3 postulated an '' Orthaulax inornatus
of 0. gabbi are circular. · Orthau,la:-c caepa and formation" regarding which she says:
0. aguadillens'is each have two forms, a conical
No one knows where Gabb found his Orthaulax inornatus
and a hemispherical, which. possibly ·are sec- . because none of his Dominican fossils were labeled more
ondary sexual characteristics. There may be precisely than ''Miocene, San to Domingo.'' We presume
a dome-shaped or hemispherical form of 0. however, that 'it wa.s collected from the basal blue clays
'·inornatus also, but it has not been discovered. in the eastern part of the Yaqui Valley, where the revoluprevented our securing sections and collections. For
The conical forms of 0. ·inornatus, 0. caepa, and tion
in the western part of the val1ey we hav(;l gone almost to
, 0. aguadi.llensis may be discriminated from one the contact of the Tertiary with the older series, and
another by the apical angle, which is most although a special search was made for Orthaulax we did
acute in 0. inornatus and most obtuse in 0. not find it. No doubt the Orthaulax zone represents an
older horizon than [any] from which we.ccllected.
aguadillensis.
Of considerable value in discrin1inating beRegarding the correlation of this hypothetitween species is the cast of the interior. The cal "Orthaulax for:r;nation" she says: 4
casts show the altitude of the whorls and their
The Dominican Orthaula.'C formation is older than those
rotundity or flatness, features which are con- of Bordeaux and represents' approximately the Rupelian
cealed by the shell, and the outlines of the Oligocene of Europe and the Tampa silex bec:ls and White
living chamber, which usually differ consider- Beach limestone of Florida. It comes in just above the
Vicksburg 1imestone.
·
ably from· the external forn1.
The expedition to the Dominican Republic.
Trustworthy identifications of some speciin
1919 headed. by T. W. Vaughan was so fortumens can not be made without cutting. Axial
nate
as to procure a typical specimen of Orthausections through the apex disclose all the es-·
lax
inornatus
associated.with so characteristic a
sential features of form and structure. The
fauna
and
in
beds
occupying so unmistakable· a
onion-like arrangement of the layers of shell and
stratigraphic
position
as to dispel all doubt as
callus is laid· bare, the outlines, both internal
to
its
age.
The
Orthaulax
was collected on Rio
and external, of the whorls at all stages. of
Yaque
del
Norte
at
Baitoa
from the lower part
growth can be traced, and the interrelations of
shell substance, enamel, and cavities are plainly of the Baitoa formation (basal Miocene), which
lies unconformably upon the tilted conglomvisible.
erates and shales of the Tabera. formation
OCCURRENCE AND STRATIGRAPIDC POSITION (middle-Oligocene). The corals and mollusks
OF SPECIES.
with which the Orthaul'ax is associated have
Orthaulax inornatus.-()rthaulax inornatus been stu,died by Vat1ghan and Woodring, who
Gabb, the type of the genus, was fi_rst discovered correlate them with the Burdigalian fauna of
in Santo Do~D:ingo. Specimens of this species Europe and with the fauna of. the Chipola
were collected by Col. T. S. Heneken i~ 1848 or marl member of the Alum Bluff formation of
1849, but they lay for many years undescribed Florida. 5
in the collection of the Geological Society of s Maury, C. J., Bull. Am. Paleontology, vol. 5, pp. 456-45i, 191i.
London. The locality at" which they were
Idem, p. 458.
found is not known. One of Heneken's Domin- 5 Vaughan, T. W., and Woodring, W. P., Tertiary and Quaternary
stratigraphic paleontology: A geological reconnaissance of the Dominiican specimens was figured by Guppy in 1876, can Republic, p. 96, 1921.
4
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In tho United States Orthaulax i1~ornatus has
never been found in beds as young as the
Chipola marl (lower Miocene), but it occurs in·
the "silex bed" of the next older formation,
the 'rampa, which is regarded as of upper Oligocene a:ge. The species has also been listed by
Dall 0 from the Chattahooc;hee formation on
Flint River, Ga., but the specimen so named
in the collection of the United States N ational Museum (an impression of a fragment,
U. S. Nat. Mus. eatalogue No. 166787) 'appears
to be 0. pug1wx.
The two large specimens of Orthaulax from
Cuba which I figured as 0. inornatus 7 proved,
on cutti!lg, to be different, and they are here
described under the name Orthaulax caepa.
Orthaula.x gabbi.-The stratigraphic range of
Orthaula.x gabbi Dall appears to be very nearly
tho sa:me as that of 0. inornatus, but the two
species have not yet been found in the ~arne
beds. O·rtha.ulax gabbi has not hitherto been
reported outside of Florida, where it is abundant in the Chipola marl member of the Alum
Bluff formation, but it occurs also in the upper
part of the Culebra formation and in the
· Emperador limestone at several places in the
Canal Zone. Some of the Panaman specimens
simulate very closely the external form of
Orthct'l.tla.x pugnax, and it is only in cross section
that their true relationships·become evident.
The known range of Orthaulax gabbi is upper
Oligocene. and lower Miocene.
Orthaulax p11,gnax.-The type of Orthaulax
pugnax (I-Ieilpr.in) comes from the ".silex be~"
of the .Tampa fonnation·. The species is common in 'tho lower part of the Chattahoochee formationonFlintRiver,Ga.,andithas beenfound
also in beds of the same age in Alabama and
Antigua. :My identifications of specimens of
Orthmtlax pugnax from Anguilla 8 and from
Panarrut, 0 which were based. upon external
form alone, are wrong; axial sections show the
aU. S. Nat. Mus. Proc., vol. 51, p. 509, 1916. Plato 88, figure 9, represonts a specimen from Ballast Point, Fla., U.S. Nat. Mus. catalogue
No.165099.
7 Cooke, C. W ., Tertiary mollusks from the Leeward Islands and Cuba:
Carnegie lnst. Washlngton Pub. 291, p.116, pl. 2, figs.1, 2,1919.
s Carnegie Inst. Wnshl.ngton Pub. 291, p. 115, pl. 2, fig. 3,1919.
u U.S. Nat. Mus. Bull. 103, p. 550.• 1919.
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first probably to be referable to 0. ag·uadillensis
and the second to 0. gabbi.
The stratigraphic range of 0. zntgnax is therefore middle and upper Oligocene.
Orthaulax ag'l.tadillensis.-Orthay}.ax aguadillensis Maury is widely distributed in theW est
Indies but has not yet been reported fron1 the
continents. The tjrpe was taken by Reeds
from the Aguadilla limestone at Aguadilla,
P. R. It is probable that some of the specimens .of Orthaulax collected by I-Iubhard 10
elsewhere in Porto Rico belong to this species.
Large casts of Orthaulax that appear to be referable to 0. ag1.tadillensis have been found on St.
Croix (see Pl. III, fig. 4), and orie poorly preserved specimen which.seems to be 0. aguadillensis comes fron1 the upper Oligocene Anguilla
limestone of Anguilla. In Santo Don1ingo this
species has been collected at widely separated
localities; it is fairly abundant but poorly preserved in the Cevicos limestone (upper Oligocene) near the east end of the Cibao Valley,
and excellent specimens have been obtained
fFom beds supposed to be of Miocene age at
two localities in the valley of Rio Y aque del
Sur.
The stratigraphic range .of Orthaulax aguadiZlensis appears to be upper Oligocene and
Miocene.
Orthaulax caepa.--Orthaulax caepa Cooke,
n. sp., is known from only one locality, Consolacion del Sur, Pinar del Rio, Cuba. Specimens
of this species, which I at first n1istook for
Orthaulax inornatus, proved, when cut, to be
more closely related to 0. aguadillensis but to
be different from both. The age .of the limestone at Consolacion del Sur is not known, but
it is thought to be upper Oligocene.
Corr.elation table.-In order that the ·stratigraphic positions occupied by the species of
Orthaulax may be more readily visualized, the
accompanying correlation table has been prepared. The table is not complete but shows
only those formations in which Ortha11.lax has
been found and enough others to give a stratigraphic background ..
10

Hubbard, Bela, S01ence, new ser., vol. 51, p. 396, 1920.
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Known stratigraphic occurrence of Orthaulax.
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a Faunal evidence is accumulating, according toT. W. Vaughan, that these formations classed by him in previous reports as Tortonian (upper Miocene), ara of Helvetian (middle Miocene) age.

:Jturn to the opinion stated by Dall in 1904.
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ORTHAULAX, A TERTIARY GUIDE FOSSIL.

SYSTEMATIC PALEONTOLOGY.
Family STROMBIDAE.
Genus ORTHAULAX Gabb.

Orthaulax Gabb, Acad. Nat. Sci. Philadelphia Proc., vol.
24, p. 272, 1872. Type 0. inornatus Gabb, op. cit.,
pl. 9, figs. 3, 4. Miocene of Santo Domingo.
Orthaula..'C Gabb, Am. Philos. Soc. Trans., new ser., vol.
15, p. 234, 1873.
Hippochrenes (part) Zittel, Traite de paleontologie, vol.
.
2, p. 258, 1887.
Wagneria Heilprin, Wagner Free Inst. Sci. Trans., vol. 1,
p. 105, 1887. Type W. pugnax Heilprin, op. cit.,
p. 106, pl. 15, figs. 36, 36a. Oligocene of Florida.
Orthaulax Dall, Wagner Free Inst. Sci. Trans., vol. 3, p.
169, 1890.
Orthaula.'C Dall, U. S. Nat. Mus. Bull. 90, p. 86, 1915.

The following description of Orthaulax,
which is quoted from Gabb, 1873, differs frmn
the original description of the preceding .year
only in a few unimportant verbal changes and
alterations in punctuation which do not affect
the meaning:
Shell rounded-fusiform, canal moderate, straight and
regularly tapering; adult shell enveloped over the whole
spire by the extension of the inner lip; posterior canal
fissure-like, formed by the continued edge of the outer
lip and running directly to the apex. Outer lip apparently
sharp and simple; anterior notch oblique and broad.
'rhe discovery of this genus fills an important break in
the H.ostellarias, uniting the true genus Rostellaria with
_Qonrad's Calyptraphorus. Unlike both of these genera
the canal is not styliform but robust and comparatively
short, and its terminal notch is formed by an almost rectangular truncation of the anterior portion of the outer
lip. Like Rostellaria, ·it has a straight posterior canal,
prolonged, however, further than is common in that
genus. The canal is similar in structure to that of Calyptraphorus, being formed by a squamose plate; but in the
latter genus it curves over backwards, behind the spire,
which it ascends to about half its height and then bends·
down to near the suture of the body whorl. Unlike the first
and like the second of its congeners, it has the whole
spire enveloped in a plate which should more properly·
be described as a posterior extension of the body whorl,
carrying the suture to the extreme apex. The lines of
growth run from the top qf the spire to the anterior end of
the shell. It carries none of the tubercles seen in Calyptraphoms and Tessarolax and seems, unlike mos~ of the
other genera of the family, to have had a simple outer
lip, neither digitate nor notched.

The following excellent description of Orthaulax is taken from Dall's Tertiary fauna
of Florida: 11
This group was described by Gabb from immature
specimens, and no perfect specimen has hitherto been
figured, for which reason a good deal of doubt has rested
upon it.
u Wagner Frco Inst. Sci. 'rrans., vol. 3, pp. 169-170,1890.
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At first, when I examined young specimens of a genu:irie
Orthaulax I was "struck by their resemblance to Leiorhynus Gabb, and at once suspected that the latter was
only a young specimen of the former. But on examining
the type species of Leiorhynus I found that this. was not
the case, since that shell bore evidences of maturity, has a
thickened and lirate lip, is not self-enveJ.oped by the last
whorl, and has numerous varices. It is, in short, a form
which permanently retains some of the external features
of immature Orthaulax while adding to them others which
are not found in Orthaulax.
The genus Wagneria of Heilprin is founded on characters which are simply part of the process of mineralization. The type of Wagneria is a siliceous pseudomorph.;
the very thick coating of the spire having been only partially replaced by silica, thus leaving a hollow, geodic
dome analogous to nothing in the original shell.
A similar state of affairs is found in many of the fossils
of that., locality, which present a thickness too great to
permit of solid silicification. All the corals, some of the
Turritellas, etc., offer examples of this kind. For the
rest, the relation of his shell to Orthaulax was not overlooked by Prof. Heilprin, though he was misled by the
state of his material. The name Wagneria in any event
was preoccupied, and if the genus had proved valid another
name would have had to be substituted.
Orthaulax is almost intermediate between Rostellaria
and Strombus. It differs from Hippochrenes Montfort, to
which it was referred by Guppy and Zittel, in the following
characters:
It has not the long, anteriorly produced pillar, nor the
widely expanded outer lip; Hippochrenes has the last
whorl, when adult, posteriorly extended to the tip of the
spire, marking the conclusion of its growth; Orthaulax
while very young has the whorls gradually ascending
upon the normal juvenile spire by such an expansion,
which, when developed, is continuous, enveloping the
whole spire, coiling round and· round it as the whorls
grow, and completely concealing the whole of the spire,
nothing but the outside of the last whorl being visible in
an adult ~pecimen.

The following additional remarks on the
genus are added by Dall in the same volume,
page 172, after his description of the soecies

0.

gabbi:

The essential difference between Orthaulax and Hippochrenes, Calyptrophorus, Rimella, etc., is that the involution of the spire, once commenced, is carried on by the
posterior edge of the last or growing whorl continuously
from the young condition in Orthaulax,· while in the others
the spire remains normal until the shell reaches its adult
state and then, with the changes in the mantle, which
incite the deposition of the thickened and enlarged outer
lip, a process is developed at the posterior commissure of
the aperture and mantle, which deposits enamel on the
spire against which it lies, and it thus forms a gutter, sometimes straight, sometimes re~urved, in which it is shel~
tered; apart from this the spire is enveloped, if at all, not
by any expansio~ of the lip, but by a deposit of enamel
which covers the whole, as frosting does a cake, without
any relation to the coil of the shell considered as an organic
product. Strip off the whole envolving, continuous
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enamel froin Calyptraphorous and the whorls will remain
·intact; strip off the equivalent deposit in Orthaulax
and the shell itself is destroyed. The latter, so far as its
structure is concerned, is more ,nearly like an involute
Terebellum (such as T. sopiium Brander, figured by
Zittel) than like the enameled Calyptraphorus or winged
Hippochrenes.
The latter wait until they have attained their majority
and then spread their outer lips and lay down their enamel,
once for all. In Orthaulax the involution,. as in Ovulum,
begins before maturity and continues with the growth of
the shell without regard to its age or periodical resting
stages. In this particular it is clearly distinguished from
any other group included in the Strombidae, excepting the
sufficiently ~istinct Tereb.ellum.

All students appear to agree in referring
Orthaulax to the family Strombidae. Guppy 12
emphasized its relation to Rostellaria macroptera (Hippochrenes) and Zittel 13 refers it to
Hippochrenes·. Dall 14 at first considered it a
subgenus of Rostellaria but in later works 15
returned it to generic rank. In the latter practice he is followed by ·the second English
edition of Zittel's textbook of paleontology
(1913) and by recent writers. 16
Orthaulax inornatus

Gabb~

Plate II, figures 2-6.
Orthaulax inornatus Gabb, Acad. Nat. Sci. Philadelphia
Proc., vol. 24, p. 272, pl. 9, figs. 3, 4, 1872; Am.
Philos. Soc. Trans., new ser., vol. 15, p. 234, 1873.
Dall, U.S. Nat. Mus. Bull. 90, p. 86, pl. 11, fig. 4, 1915.
Dall (part), U. S. Nat. Mus. Proc., vol. 51, p. 509, pl.
88, fig. 9, 1916.
I
Maury, Bull. Am. Paleontology, vol. ~·· p. 285, pl.
47, fig. 11, 1917 ..
Orthaulax inornata Guppy, Geol. Soc. London Quart.
Jour., vol. 32, p. 520, pl. 28, fig. 8, 1876.

In 1873 Gabb described Orthaulax inornatus
as follows:

Aperture elongated, acute behind and prolonged into a
very narrow posterior canal running straight to the apex;
in advance it is gradually narrowed, the anterior notch
broad and shallow; inner lip thinly incrusted; outer lip
thin in all my specimens, and apparently thin, straight,
and entire in the perfect adult. Size of largest spedmen, length 3. 75 inches, width 1.5 inches.

Orthaulax inornatus is the most slender of the ·
known species of the genus. Its apical angle
is about 60°, as compared with about 85° in
0. caepa and about 95° in 0. aguadillensis.
Lil\:e ·those species, it has a circular outline in
cross section. In axial sections its most obvious
difference fro·m them is in the thinness of the
enamel, which in 0. inornatus is scarcely perceptible but which· in both 0. caepa and 0.
aguadillensis attains a considera'Qle thickness.
In spite of the slenderness of the outside of the
shell, the living chamber of Orthaulax inornatus
is more rapidly tapering than that of either
0. caepa or 0. aguadillensis, but the whorls
themselves are more compressed and flatter.
These features, of course, can usually be made
out only by cutting the shell or from casts of
the interior.
Localities: Upper part of bluff of Rio
Yaque del Norte at Baitoa, Provinc·e of Santiago, Dominican Republic, station 8668, Condit,
collector, 1919; Ballast Point, Tampa Bay,
Fla., Post,· collector.
Geologic horizon: Baitoa formation, lower
Miocene; Tampa formation, upper Oligoce~e.
Type: Philadelphia Academy of Natural
Sciences, from Santo Domingo, Gabb.
Orthaulax pugnax (Heilprin) Dall.
Plate II, figures 7, 8; Plate III, figures 1a-4b ..

Wagneria pitgnax Heilprin, Wagner Free Inst. Sci. Trans.,
Shell broadly rounded-fusiform. Young shell ~th the
vol. 1, p., .106, pl. 15, :figs. 36, 36a, 1887.
spire a little shorter than the a.perture, suture impressed, Orthaulax pugnax Dall, Wagner Free Inst. Sci. Trans.,
whorls numerous, nuclear whorls three, the subsequent
vol. 3, p. 170, pl. 8, figs. 5,.8, 1890; U. S. Na.t. Mus.
· ones showing faint traces of occasional thickenings disBull. 90, p. 87, pl. 15, figs. 5, 10, 1915; U. S. Nat.
posed like the varices of Triton,· surface smooth; anterior
Mus. Proc., vol. 51, p. 509, 1916.
end of body whorl marked by a few faint revolving lines,
Cooke (part), Carnegie Inst. Washington Pub. 291,
no posterior canal. Adult shell more distinctly fusiform,
p. 115, pl. 2, fig. 4, 1919.
.
the spire covered by a longitudinally striated incrustation
Heilprin described Orthaulax pugnax as folcovering the sutures and extending to the extreme apex.
Guppy, R. J. L., Geol. 'soc. London Quart. Jour., vol. 32, p. 520,
1876.
1a Zittel, K. A. von, Handbuch der Palaeontologie, vol. 1, pt. 2, p.
260; Traite de paleontologie, vol. 2, p. 258, 1887; Textbook of paleontology
(Eastman-Zittel), vol. 1, p. 472, 1900.
. u Wagner Free Inst. Sci. Trans., vol. 3, p. 169, 1890.
15 U.S. Nat. Mus. Bull. 90, p. 86, 1915; U.S. Nat. Mus. Proc., vol. 51,
p. 509, 1916.
.
16 Cooke, C. W., Carnegie Inst. Wlljlhington Pub. 291, p. 116, 1919.
Maury, C. J., Scientific survey of Porto Rico and the Virgin Islands, vol.
3, pt. I, p. 58, 1920.
12

lows:
Shell irregularly oval, obc,onical, flattened, the flattened
a.ppearance being due to three irregular swellings or knobs,
one of which immediately adjoins the anteriorly directed
fissure of the aperture; aperture narrow, projected forward
(in its upper course) a.s a closely compressed fissure, which
in a crescential curve ascends to within a comparatively
short distance of the apex of the spire; outer lip? (broken
in specimen); inner lip largely developed, completely
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concealing the whorls of the spire, and duplicating for a
very considerable extent the outer lip; spire freely inclosed in a pointed superstructure, or dome, built over it
by an extension of the mantle; smface covered with longitudinal lines of growth, which extend continuoUBly
from the a,pex to the base.
Length (of imperfect specimens 1 lacking probably
upward of an inch), 2. 7 inches; width, 1. 75 inches.
What the precise relationship of the genus represented
by this species may be I am not prepared to say.
Zittel (Handbuch der Palaeontologie, I, part ii, p. 260)
unites Orthaulax with Hippochrenes, but in doing so this
eminent paleontologist appears to have been misled ·by
the rather imperfect diagnosis of the fossil given by Gabb.
That its position is near to that genUB I believe there can
be no doubt.

As has been pointed out by Dall (see p. 27),
I-leilprin mistook a solution cavjty in his specimen for a natural feature of the shell. Such a
hollow dome would indeed be remarkable.
(J-rthaulax 1J'ugnax is so like Orthaulax gabbi
that it seems surprising that the resemblances
between them were not pointed out long ago.
Young shells of both species are almost circular in outline, but older shells are strongly
triangular. The outlines of the anterior part
of the whorl as shown in figures of the type of
0. pugnax can ·be matched perfectly by specimens of 0. gabbi, but other specimens of 0.
pugnax appear to have proportionately longer
and less top-shaped whorls than 0. gabbi.
The most conspicuous difference between the
two species consists in the sliape of the posterior
end of the adult shell, which in 0. gabbi is
nearly always more or less rugose but in 0.
pugnax appears to be usually smooth. However, the range in variation in 0. gabbi is so
great that many specimens are as smooth as
0. pug~ax.
Because of the scarcity of authentic specimens of 0. pugnax and the unfavorable state
of their preservation, no axial sections of specimens from t~e type area have been cut, and it
is not likely that attempts to cut the available
material would yield satisfactory results. However) a small specimen from Antigua (Pl. II,
figs. 3a, 3b), which seems to be 0. pugnax,
shows that the layers of callus are almost
evenly lunate, as in 0. caepa, but thicker than
in 0. c,aepa and not knobby, as in most specimens of 0. gabbi. Another small specimen
from the Canal Zone which I had previously
identified as 0. pugna:'C 17 show·s a tendency to
knobbiness in the yallus and also possesses a
n U. S. Nat Mus. Bull. 103, pp. 550, 553, 1919.
323~3°-22--3
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much more rapidly tapering living chamber
like that in some specimens of 0. gabbi. I
have therefore referred it to 0. gabbi.
Localities: Ballast Point, Tampa Bay, Fla.,
U.S. Nat. Mus. catalogue Nos. 112075, Burns,
collector, 165100, E.J. Post, collector; Bailey's
Mill Creek Sink, three-fourths mile northeast
of Lloyds, Jefferson County, Fla., from clay
overlying a limestone, L. C. Johnson, collector,
U.S. Nat. Mus. catalogue No. 112521; Hales
Landing, Flint River, Ga., 7 miles below Bainbridge, Vaughan, collector, 1900, station 3383,
U.S.Nat.Mus. catalogue No. 166787 (labeled
0. inornatus); Hales Landing, Flint River, Ga.,
Vaughan, Cooke, and Mansfield, collectors,
1914,station 7074, U.S.Nat.Mus. catalogue No.
166788; Blue Springs, Flint River, Ga., Pumpelly, collector, U. S. Nat. Mus. catalogue No.
115747; 1! miles southwest of Geneva, Ala.,
Clapp, collector, station 8867; Antigua, Spencer,
collector, U.S. Nat. Mus. catalogue No. 166984.
Orthaulax gabbi Dall.
Plate III, figures 5-7; Plate IV, figure 1.
Orthaulax gabbi Dall, Wagner Free Inst. Sci. Trans., vol.
3, p.l70, pl.l2, figs. 5, 5a, 5b, 1890; U.S. Nat. Mus.
Bull. 90, p. 87, 1915.
Orthaulax inornatus Dall (part), U. S. Nat. Mus. :Proc., p.
509, 1916.

Ortha'lilax gabbi has been well described by
Dall as follows (1890) :
Shell large, solid, many-whorled; in the very young
smooth and polished, except for incremental lines and a
few faintly impressed spiral lines anteriorly; nucleUB
small, polished, glassy, not differentiated from the rest
of the shell; early whorls with a very distinct, not channeled suture; the whorl in front of it slightly turreted; each
whorl after the third has three slightly elevated, narrow,
rounded varices, somewhat irregularly spaced, so that
they do not follow each other continuously down the slope
of the spire; about the end of the eighth whorl the posterior edge of the outside whorl begins to be prolonged backward mora and more as the shell grows, so that the suture
thus fomed makes an irregular spiral line ascending the
spire over the antecedent whorls until by about the tenth
turn the whole of the spire is enveloped, as well as any
barnacles, vennetu8, or other semiparasitic growth which
may have become attached to the surface of the spire; the
antel'ior part of the shell has the shape of Leiorhynus; the
pillar is rather thick and slightly recurved, with a moderately distinct fasciole; the canal moderately wide, shorter
than the pillar; the outer lip sill}ple, sharp, a little thickened at the resting stages, but not lirate internally; body
with a moderate callus, which at the resting stages is considerably enlarged, so that when the whorl comes to grow
over it (as it is not absorbed) it produces an irregularity
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somewhat like a varix; the whorls are ovately rounded,
smooth, except for occasional transverse undulations due
to irregularities of growth, and polished; no indications of
color pattern have been observed.
The adolescent form a good deal resembles a Strombus
except that the anterior sulcus of the outer lip behind the
canal is absent or represented only by the faintest wave
in the margin; the· spire is entirely enveloped by the
backward prolongation of the last whorl, except at the tip,
where the envelope is usually a little eroded or defective:
there appears to be a resting stage.at every two-thirds ~f ~
revolution of the whorl around the axis, for which reason,
looking down on the spire, the outline of the shell transverse to the axis is subtriangular or three-sided; the outer
lip is simple, rather sharp-edged, and very slightly, if at
all, recurved; it extends backward to the tip of the spire,
near which it recedes somewhat from its parallelism with.
the axis; at the shoulder, also, it is slightly excavated and
thickened; the body is smooth, with a moderate callus,
which. becomes thicker near the shoulder; at the shoulder,
in front of the excavation above noted, it becomes very
thick and is continued on to the spire parallel with the
outer lip, and very near it, so that between the two is a
narrow, flexuous groove of consid~rable depth; when the
shell begins to grow again the whorl is carried over this
ridge, which is not absorbed, and the surface is thus rendered, as it were, varicose; the canal is short, strongly
recurved, with a 1·emarkably deep siphonal sulcus, so
that the end of the pillar stands forward in a marked way;
on the shoulder, halfway around the shell, is an ill-defined
narrow ridge, which ceases ~ little way behind the lip.
The dimensions of the figured specimen are: Longitude,
68 millimeters; maximum latitude, 35 millimeters.
The adult form differs from the adolescent by the disproportionate strength of the ridge at the shoulder, by
which the surface behind the ridge has become. fl.attish,
. as in a Cassis, but more irregular, an'd the width at the
shoulder has increased in proportion to the total length.
No entirely complete specimen of the adult has been found,
but from numerous fragments the proportions can be approximately determined. The maximum diameter is
74 millimeters, and the length about 11 millimeters, of
. which 15 millimeters are be~nd the shoulder, while, in
the specimen only 68 millimeters long, there are 17 millimeters of length behind the shoulder.
This species appears abundantly, though in a poor state
of preservation, in the lower bed at Alum Bluff and in the
Chipola beds to the westward. The group in America
would seem to be characteristic of the lower beds of the
southern Miocene, as far as our present knowledge permits us to judge.
I have observed that, occasionally, the ridge on the
shoulder in young specimens is represented by a nodule
rather than a ridge.

The resemblance of 0. gabbi to 0. pugnax is
noticed under the d,es?ription of Orthaulax
pugnax.
Localities: Tenmile Creek, 1 mile west of
Bailey's Ferry, Chipola . River, Fla., Burns,
collector, station 2212; 1 mile below Bailey's

Ferry, banks of river above white limestone
bed, Burns, collector, 1889, station 2213 ·
right bank of Chipola River on McCleland
farm, 1 mile below bridge at old Bailey Ferry,
Cal~oun County, Fla., Dall, collector, 1893,
statwn 2564; same locality, Vaughan, collector, 1900, station 3419; lower bed at Alum
Bluff, Apalachicola River, Fla., Burns, collector, 1889, station 2211'; same locality, Cooke
and Mansfield, collectors, 1914, station 7183;
Panama Railroad, 2 miles south of Monte
Lirio, formerly known as Mitchellville, Canal
Zone, MacDonald, collector, 1911, station
5901; upper part of Culebra beds on west side
of Panama Canal about one-third mile north
Paraiso, MacDonald, collector, 1913, statwn 6515; topmost limestone in Gaillard
Cut opposite Las Cascadas, CaD;al Zone, MacDonald and Vaughan, collectors, 1911, station
6019-g (two casts of the interior, identification
very doubtful). .
Type: U.S. Nat. :Mus. 112218.

o!

Orthaulax aguadillensis Maury.
Plate IV, figures 2-6; Plate V, figures la, lb.

Orthaulax aguadillensis Maury, Scientific survey of Porto
Rico and the Virgin Islands, vol. 3, pt. 1, p. 58, pl.
9, fig. 4, New York Acad. Sci., 1920.
Orthaulax pugnax Cooke, C. W. (part), Carnegie Inst.
Washington Pub. 291, p. 115, pl. 2, fig. 3, 1919.

Maury's

descript~on

is as follows:

Shell large and heavy; form of spire short and blunt
like that of Orthaulax pugnax. This at once distinguishe~
the shell from the Dominican species 0. inornatus Gabb,
which is high-spired. A further characteristic of the shell
is the evenly rounded form of the shoulder, which in cross
section would be almost perfectly circular. This marks
it off very decisively from the Floridian Chipolan species
Orthaulax gabbi Dall, which is markedly triangular at the
shoulder. The spire measures 45 millimeters in diameter.
A single specimen of this Orthaulax was collected by
Reeds at Aguadilla: It is imperfect but.undoubtedly a
typical member of this very important index genus.
The shell was submitted to Dall, who compared it with
the types of the various known species in the National
Museum. He replied that "The Orthaulax is nearest to
0. pugnax, but as the margin of the spire is gone it is
impossible to be certain. I think it is new.''
One might be criticized for describing so incomplete a
specimen as new were this a .less rare and less stratigraphicallyimportantgenus. Moreover, no complete adult shell
of either 0. inornatus or 0. pugnax has ever been found.
Though heavy and apparently strong, the shells seem to
go to pieces very easily, and usually one finds only heads,
. as in this case, or fragments of the heavy pillars.
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No other molluscan shells were found associat~d with
Orthaulax caepa Cooke, n. sp.
this Orthaulax, but an echinoderm occurred.
Plate V, figures 2a-3b.
It is a little surprising that the nearest ally of this Porto
Rican Orthaulax should be not Gabb's 0. inornat,us, from Orthaulax inornatus Cooke, Carnegie Inst. Washington
the adjacent island of Santo Domingo and in the Tampa
Pub. 291, p. 116, pl. 2, figs. 1, 2, 1919.
::mel "'White Beach beds, Florida, but 0. pugnax. The latShell large, heavy, circular in cross section;,
ter ranges geographically from the Tampa, Fla., beds and
thoso of Bainbridge, on the Flint River, Ga., to Cuba, first six whorls, more or less, bare in juvenile
Antigua, and the Canal Zone, and geologically from the shell but completely enveloped by subsequent
middle Oligocene of Antigua to the upper Oligocene of
whorls; callus-filled spaces between whorls
the Tampa and Flint :JUver formations.·

Orthaulax aguadillensis resembles 0. caepa in
size and appearance but differs from it in several respects: 0. aguadillensis is blunter, the
apical anglo being a little greater than goo,
whereas that of 0. caepa is a little less than goo;
smne specimens of 0. aguadillensis shiw faint
grooves on the anterior part of the shell but
no raised tlueads such as are found on 0. caepa;
:most of the callus on 0. aguadillensis is deposited just in front of the shoulder and is proportionately somewhat thicker than in 0. caepa,
on which the callus is n1ore evenly distributed
and is lunate in cross section.
Localities: Aguadilla, P.R., station 3, Reeds,
collector; road :from C.otui to Cevicos on
east side of Arroyo Blanco east of Lorna de
los Palos, Dominican Republic, station 85g8,
Cooke and Ross, collectors, 1g1g; left bank of
Rio Yaquo dol Sur at upper edge of Los Guiros,
Province of Azua, Dominican Republic, sta~ion 8572, Condit, collector, 1g1g; west bank
of Rio Yaque del Sur opposite Palo Copado,
Province of Azua, Dominican Republic, station
85go, Condit, collector, 1g1g; Crocus Bay
Anguilla, station 6g65, Vaughan, collecto;
(identification doubtful).
Geologic horizon: Aguadilla limestone, Cevicos limestone, and Anguilla formation ( n' upper Oligocene; Y aque group ( ~), Miocene.
Type: American Museum of Natural History.

evenly lunate in axial sections through the
ap'ex; apex conical, with apical angle of about
85°, or hemispherical; whorl in front of the
shoulder ornamented with fine raised revolving
threads.
Orthaulax caepa is intermediate in shape between 0. inornatus and 0. aguadillen8is. Its
apex is blunter than that of 0. inornatus but
more acute than that of 0. aguadillensis. It
differs from both in the ornamentation of
spiral threads in front of the shoulder. Tho
cast of the interior appears to be more slender
than that of either 0. inornatus or 0. aguadillensis, and the whorls of the cast to be more
r?u~ded than those of 0. inornatus but very
Similar to those of 0. aguadillensis. The callus
in 0. caepa. is evenly lunate, but that of 0.
aguadillensis is asymmetric, the greatest thickness being in front of the shoulder, and is much
thicker in proportion to its length than that of
0. caepa; the callus is thin and inconspicuous
in 0. inornatus.
The~e are two forms of 0. caepa, a pointed
or conical form and a domed or hemispherical
form. It is possible that these different shapes.
may be secondary sexual characteristics.
Locality: Consolacion del Sur, Pinar . deL
Rio, Cuba, station 34 74.
Geologic horizon: Oligocene ( ~).
Type: U.S. Nat. Mus. catalogue No. 166gso~
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PLATE II.
Page,
FIGURE

1. Strombus costatus Gmelin.

2.
3.
4.
5.
6.
7, 8.

Living in the Caribbean Sea............................................
Orthaulax inornatus Gabb. Young shell from Santo Domingo. After Gabb, 1872, pl. 9, fig. 4......
Orthaulax inornatus Gabb. Type, from Santo Domingo. After Gabb, 1872, pl. 9, fig. 3.
Orthaulax inornatus Gabb. Ballast Point, Fla. After Dall, 1915, pl. 11, fig. 4. U. S. Nat. Mus.
catalogue No. 165099.
Orthaulax inornatus Gabb. Santo Domingo. After Guppy, 1876, pl. 28, fig. 8.
OrthaulaxinornatusGabb, X 2. Baitoa, Dominican Republic. U.S. Nat. Mus. catalogue No. 328256.
Orthaulax pugnax (Heilprin) Dan?· Cast of interior, 1-! miles southwest of Geneva, Ala. U.S. Nat.
Mus. catalogue No. 328255....................................................... . . . . . . . . . .
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PLA'l'E III

PLATE III.
Page.

la.. Orthaulax pugnax (Heilpr:in) Dall. "Silex beds" of Tampa formation. After Dall, 1915, pl. 15,
fig. 5. U. S. Nat. Mus. Catalogue No. 165100..............................................
lb. Orthaulax 1>ugnax (Heilprin) Dall. "Silex beds" of Tampa formation. After Dall, 1915, pl. 15,
fig. 10. Same individual as shown in figure la.
\ 2. Orthaulax pugnax (Heilprin) Dall. Blue Springs, Ga. U. S. Nat. Mus. catalogue N~. 115747.
Sa. Orthaulax pugnax (Heilprin) Dall. Antigua. After Cooke, 1919, pl. p, fig. 4. ·u. S. Nat. Mus.
catalogue No. 166984.
Sb. Orthaulax 1>ugnax (Heilprin) Dall. Axial section, X 2, of individual shown in figure 3a. The
discontinuity in the anterior part of the columella is not due to resorption of the walls, but to
the section having been cut at a small angle to the plane of the axis.
4a. Orthaulax pugnax (Heilprin) DaH. Type, from "silex beds" of Tampa formation. After Heilprin, 1887, p\, 15, fig. 36.
'4b. Orthaulax pugnax (Heilprin) Dall. Type. After Heilprin, 1887, pL 15, fig. 36a.
5. Orthaulax gabbi Dall. Young individual from Chipola marl of Florida. After Dall, 1890, pl. 12,·
fig. 5. U. S. Nat. Mus. catalogue No. 112218.. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. . . .. . .
6a, ~· Orthaulax gabbi Dall. Type, X 0.85, from Chipola marl of Florida. After Dall, 1890, pl. 12,
figs. 5a, 5b. U. S. Nat. Mus. catalogue No. 112218.
7. Orthaulax gabbi Dall. Eailey's Ferry, Fla., station 3419.

FIGURE
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PLATE IV.
Pa.ge.
FIGURE

I. Orthaulax gabbi Dall .. Alum Bluff, Fla., station 2211. U. S. Nat. Mus. catalogue No. 328254.......
2. Orthaulax aguadillensis Maury. Type. Aguadilla, Porto Rico. After Maury, 1920, pl. 9, fig. 4. _..
3. Orthaulax aguadillensis Maury? Anguilla. After Cooke, 1919, pl. 2, fig. 3. U. S. Nat. Mus. catalogue

·
No. 166982.
4. Orthaulax .aguadillemis Maury. Hemispherical form. ·St. Croix. U. S. Nat. Mus. catalogue No.
328261.
5. Orthaulax aguadiUensis MaUry:. Conical form, X 2; -Los Guiros, Dominican Republic. U. S. Nat.
•
Mus. catalogue No. 328258.
6. Orthaulax agu~ .Maury. Piilo Copado, Dominican Republic. U. S. Nat. Mus. catalogue No.
328260.
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PLATE V

PLATE V.
Page.
FIGURE

la. Orthau,la.'C agu,adillensis Maury.

lb.
2a.

2b.
3a.
3b.

Hemispherical form.· Los Guiros, Dominican Republic; station
8572. U.S. Nat. Mus. catalogue No. 328257 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Orth(ntla.'C ayuadillensis Maury. Axial section of specimen shown in figure 1a, X 2.
Orthaula.'C caep(t Cooke. Type. Consolacion del Sur, Cuba. After Cooke, 1919, pl. 2, fig. 2. U. S.
Nat. Mus. catalogue No. 166980 .................................................... ·..... .. ..
Orthau,la.'C caepa Cooke. Axial section of specimen shown in figure 2a.
Orthau,la.-c caepa Cooke. Hemispherical form. Consolacion del Sur, Cuba. After Cooke, 1919,
pl. 2, fi~. ~· U. S. Nat. Mus. catalogue No. 166980.
Orthaulax ca~pa Cooke. Axial section of specimen shown in figure 3a.
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GRAPHIC AND MECHANICAL COMPUTATION OF THICKNESS OF STRATA
AND DISTANCE TO A STRATUM.
By J. B.

MERTlE,

INTRODUCTION.

Two problems that constantly confront the
stratigraphic and structural geologist are the
o01nputation of the thickness of a geologic
section ond the computation of distanoo to a
stratum from some designated point at the
surface when the position of the outcrop of
that stratum :is known. The solution of each
of these problems is divisible into three partsa geometric solution, a trigonometric generalization, and simplified methods of computation.
It is the ptu·pose of .the present paper to consider these three phases of each of the two
problems above mentioned.
Analyses of these two problems, so essentially a part. of the geologist's work, have
doubtless been p1:eviously made, but it is odd
that so little has been published on this subject, and particularly significant that most of
the published material has been of recent
o:ngm. The obvious inference is that we are
approaching a period in the development of
geologic science when accurate data will be
considered more and more essential to conect
strntigraphic interpretation; and the recent
interest shown in these and related problems
is an index of the general appreciation of this
fact by geologists. In other words, geology is
changing pi·ogressively from a qualitative to a
quantitative science, and older methods are
giving way. to newer ones more adapted to
present needs.
The only fault that may be found with the
~a~eri~l so far published on this subject lies
m 1ts Incompleteness. In some of the pub.lished papers the wTiters have not worked out
general formulas but have confined themselves
to the consideration of special cases the solu.
'
twn of which, though useful, is not of universal
application. In other articles, in which universal solutions have been evolved, tho treatment
is not well balanced because the above-mentioned throe phases of each of the two main

Jr.

problems have not been considered adequately.
Thus, a geometric solution is of interest, but
if that alone comes within the scope of the article its value will be impaired because no formula is deduced, and the geologist will have
to repeat the solution for every individual set
of data. Tho trigonometric solution is of much
more value, but it will not be used by many
workers because it requires mathematical computation. It is very desirable that graphic or
mechanical methods be employed in the solution of all geologic formulas, first because in
using such methods no knowledge of trigonometry is required, second because of the
saving in time they permit, and third because
the resulting solutions are well within the limits
of accuracy imposed by the nature of geologic
observations.
The principal publications known to the
writer in which the problems of thickness of
strata and depth to a stratum are considered
are as follows:
Hayes, C. W., Handbook offield geology, 1909.
Roe, J. W., Application of descriptive geometry to
mining problems: Am. Inst. Min. Eng. Trans., vol. 41,
pp. 512-533, 1911.
Smith, W. S. T., Some graphic methods for the solution
of geologic problems: Econ. Geology, vol. 9, No.1, 1914.
Palmer, H. S., Nomographic solutions of certain stratigraphicmeasurements: Econ. Geology, vol.ll, No.1, 1916.
Palmer, H. S., New graphic method for determining the
depth and thickness of strata and projection of dip: U.S.
Geol. Survey Prof. Paper 120, pp. 123-128, 1919.

In Hayes's Handbook trigonometric formulas are derived, but only that special case
is considered where the field traverse is made
perpendicular to the strike of the beds. Both
Roe and Smith have made descriptive geometric
solutions, but neither derives formulas therefrom. In his first article Palmer has derived
the general formula for the calculation of
thickness of strata and developed three-variable
alinement charts for its graphic solution. In
his second article he has developed three-vari39
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able alinement charts for the solution of both
thickness and depth of beds, but only in the
plane perpendicular to the strike of the formation. The present paper is devoted to four
topics, as follows:
1. The graphic and numerical solution of the
problem of thickness of strata and the construction of a five-variable alinement chart for
the graphic solution of the general formula.
2. The graphic and numerical solution of
the problem of distance to a str~tum, and the
construction of a five-variable alinement chart
for the graphic solution of the general formula
for depth to a stratum.
3. The construction of a chart for the graphic
solution of a right triangle, to be used in conjunction with the two charts above mentioned.
4. The construction of a trigonometric computer for the graphic solution of all trigonometric formulas that may be used in geologic
field work.
THICKNESS QF STRATA.
OUTLINE.

It is required to find· the thickness of geologic strata lying between two known points,
when the following data are given:
1. The horizontal and vertical location of
two points, which may be considered the beginning and end points of a traverse.

N

in elevation between the two ~tations, (c) slope
distance between the two stations, (d) horizontal distance between the two st~tions.
Therefore four sets of data are given, and these
together with the answer (thickness of strata)
will necessarily produce a trigonometric equation of five variables.
GEO:rtlETRIC CONSTRUCTION.

In the first publication by Palmer, previously
mentioned, the general formula for this problem is derived. A different solution using
descriptive geometry, from which the formula
is derived, is here used. It is well known that
two cases requiring this formula exist--(1)
where the dip of the beds and the slope of the
hillside are in opposite directions, which is the
more usual condition; and (2) where the dip
of the beds and the angle of sJope of the hillside
are in the same direction. The solution for the
first of these cases is here given.
In figure 2, let AB be a horizontal reference
plane which passes through the station sl.
Let s be the slope distance between the two
stations sl and 82 (traversed distance)' h the
horizontal distance between the two stations,
e the difference in elevation between the two
stations, and u the angle of slope of the hillside.
Let a be the azimuth angle of the traverse, or
angle · between the direction of traverse and
the strike of the formation, and let o be the
angle of dip of the rocks.
It will be assumed that
s and u are given. By
revolving the right triangle sls2o from its
vertical
position downT
ward goo on OS as an
. axis into the plane of
'reference, e and h may
also be measured.

A-------~~----------------~a
2.-Geometric representation of the thickness of a stratum when the dip of the stratum and the relative positions of a point on the upper surface of the stratum and another on the lower surface are given.

FIGURE

L~S~~ilies~b

of the beds. It will also
be the. trace of the base

of the stratum to be
Through
0, the horizontal projection of 8 2 upon the
reference plane, draw OM parallel to S 1T. Lay
off ON =082 =e. Then, e and obeing known,
the right triangle NOL, which has been revolved downward goo on OL a~ an axis into the

2. The azimuth angle between the strike I measured upon the reference plane.

of the rocks and a line joining the two points.
3. The dip of the rocks.
.
In connection with No.1, any two of the following measurements will suffice: (a) Angle of
slope between the two stations, (b) difference

COMPUTATION OF THICKNESS OF STRATA AND DISTANCE TO A STRATUM.

plnnc of ref oren co, Jnay be measured, thus determining tho distance OL. The line LK drawn
parn.l1el to S/r is tho tntce of the top of the
stratum upon the rderenco plane. Draw a
line connecting and perpendicular to LK and
S/l.'. Such a .line, EII, is the distance between
tho traces of tho outcrops of the base and top
of tho stratum, upon tho horizontal plane.
When 5 and EH are known the right triangle
IIDID may be revolved 90° upward on EH as an
axis into tho plano of reference and the thickness of the stratum (DE or t) may bo measured.
TRIGONOMETRIC FORMULA.

The trigonometric solution from this construction is as follows:

t= (HR +RE) sin 5
HR=h sin a and h=8 cos u
. ·. HR = 8 sin a cos u
RE=-e___ and e=8 sin u
tan 5
. RE=8 sin u
··
tan 5
Hence

t= (
t=

8

8

.

Sln a

COS

8 SID

u) Sln. 5

u+ tan 5

(sin a sin 5 cos u + cos 5 sin u)

When tho dip of the beds and the slope of the
hillside are in the same direction, the + in the
formula changes to - . The general formula
therefore is

t = 8 (sin a sin 5 cos u ±.cos 5 sin <T) ___ (1)
GRAPHIC REPRESENTATION OF THE FORMULA.
GENERAL PRINCIPLE.

41

putations by means of some universal computing machine, such as ·a slide rule.
The formula for the thiokness of a stratum,
as above given, is one that may be used repeatedly in certain kinds of stratigraphic work
or only occasionally in other kinds 'but certainly is of use to every stratigraphic geologist.
There are several objections to the numerical
computation of this formula. First, too much
time is required; second, the use of figures
introduces a greatm; liability to error than a
graphic computation; and third, the. accuracy
of th~ answer, if five-place logarithmic tables
are used, is much greater than the character of
the original datn justifies. The matter of
needless accuracy is often overlooked by geologists, with the result that meaningless figures
and incongruous results are sometimes published. In general it is true that in formulas
used by geologists in the field and office some
one of the variables will depend· on an observation of the strike or dip of rocks. The
answer to the formula should obviously be no
ntore accurate than the least accurate of the
component variables. For example, it is very
doubtful whether determinations of strike or
clip can be made with an error of less than 1°.
But even if 1° represents the maximum probable error in careful work, it must be remembered that geologic strata do not by any means
have mathematically perfect surfaces. Therefore an additional possibility of error is introduced in the liability of the measured direction
of strike or· dip of surlace to change within a
comparatively short distance, thus vitiating
a most carefully made measurement. Extreme
accuracy in computation of geologic formulas
is therefore neither need,ful nor desirable, and
graphic methods should be used.
The graphic representation of a formula is
commonly accomplished l?Y means of Cartesian
coordinates, ·but this system has serious drawbacks when equations of more than two variables are to be plotted. When equations ·of
three variables must be represented, a system
of curves must be drawn and. an awkward
interpellation used. For equations of more
than three variables Cartesian coordinates are
not suitable. The equation

Computations may be perlormed nuJ::Q_erically, graphically, mechanically, or by a combination of methods. Numerical solutions
of formulas require the use of logarithinic
tables and are avoided when possible chiefly
because they require too much time. It is
highly desirable to represent formulas graphically or to compute them by some mechanical
device based on a graphi~ representation of
the functions involved. If some one formula
is used a great deal, it should preferably be
represented graphically, thus saving much time
in computn.tion and reducing greatly the liat = 8 (sin a sin 5 cos u ± cos 5 sin u)
bility of errors in the result. If a variety of
formulas are being used, it will perhaps be comprises five variables, namely, t, 8, a, 5, and
found more convenient to perlorm the com- u. Equations of three variables are most easily

"
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represented by means of a nomograph or aline~ent chart, which in reality is a system of plottmg by means of parallel coordinates. Three
excelle?t treatments of this method of graphic.
analysis have been written, ·by D'Ocagne 1
· Lipka,Z and Peddle, 3 and the reader is referred
to their publications' for an understanding of
the theory of the alinement chart.
In plotting the above formula Palmer 4 used
their three-variable nomograms, thus necessarily so~ving the formula by several independent
operatwns.: Thus sin o and cos u were multiplied in one operation, and the product multiplied by sin a in a second operation. Cos o
and sin u were multiplied in a third operation.
~he products of the second and third operatwns were then added numerically by a fourth
operation, and this s,um multiplied by 8 in a
fifth operation, to solve for t. Three charts
were required for these operations one to multiply sines by cosines, a second' to multiply
numbers by sines, and a tli.ird to multiply numbers by numbers. Moreover, as the nomographic solution with parallel scales, which is
the one employed, is essentially a method of
addition and subtraction, and as all the abovementioned operations that were performed
graphically- involve multiplication, all the calibrated scales were necessarily logarithmic
scales. A serious drawback exists in the use of
logarithmic scales, because the accuracy of the
reading is greater at one end of the scale than
at the other, and this weakness is specially pronounced in logarithmic scales of the trigonometric functions. By the inethod here used
the solution of the equation
'
t = .8 (sin a sin

o cos u ± cos o sin u)

is effected by a compound operation in which
a single chart and natural instead of logarithmic functions are employed.
The above equation, containing five variariables, can not be plotted directly by any
method in two dimensions known to the writer
?ut by separating it into two parts and equat~
1ng each of these to some auxiliary variable the
.
'
equatiOn may be readily charted. Thus the
1 D'Ocagno, Maurice, Traite de nomographic Paris Gauthier-Villars
1899.
'
'
'
2 Lipka, Joseph, Graphical and mechanical computation New York
1918.
'
'
3 Peddle, J. B., The construction of graphical charts 2d ed. New York
1919.
'
,
'
4 Palmer, H. S., Nomographic solutions of certain stratigraphic measurements: Econ. Geology, vol. 11, 1916.

equation may be written In two parts as
follows:

t'=£
8 -- ------ -- ---- -- (2)
t' =sin a sin

o cos u ±

cos

o sin u ___

(3)

where t' is the introduced auxiliary variable.
E~uation (2) is a problem in division or, when
written t= t' 8, a problem in multiplication and
therefore can not be plotted with natural scales
if an alinement chart with parallel scales is used.
By employing a nomographic Z chart, however, natural scales may be employed in multiplication and division, and this is the method
which has been used.
Eq~ation (3), however, is well adapted to
graphic representation by an alinement chart
with parallel scales, as the primary operation
to be performed is addition or subtraction as indicated by the symbol ± . This equation', however, presents a difficulty in that it expresses
a relationship between four variables-that is
t I , a, o, an d u. If one of these variables couldl
be regarded as a constant, the equation would
be reduced to a three-variable type. The
obvious
solution consists in assiO'ning
to one
.
b
variable a series of fixed values and computing the resulting curves for each particular
value. Two variables will be plotted on two
parallel scales, and a third variable whose
.. .
'
positiOn IS partly determined by the fixed value
assigned-to the fourth variable, will be plotted
between the two parallel scales. For each
fixed value assigned to the fourth variable a
different curve of the third variable will be developed, and the composite result will be a series
of curves expressing the third variable in terms
of the fourth. These curves may be joined together by _a set· of auxiliary curves, drawn
through pmnts of equal value of the third vari~,ble, and a gridwork of intersecting curves
will be formed which will express graphically
the true relationship between the third and
fourth variables.
In th~ practical application of this method
the variable t' is assigned to one of the outer
parallel scales, in the plotting of both equations
(2) and (3). The same scale modulus is used
and as both solutions involve only naturai
functions, the scale of t' for each solution is the
same, and a common support for the scale t'
may be used. Three parallel supports are
therefore used to plot the variables a, t', and t.
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The Yariables o and u are expressed in a gridwork of curYes lying between a and t, and the
vt\1.riable s is plotted upon a diagonal line conneeting opposite ends of the t' and t scales. As
no 1n1n1erical value of t' is required, the support
of the t" scale is not calibrated. Thus in the
ope,l'ation of the chart a point upon the a scale
representing some Yalue of a is connected by a
straight line \~ith a point which represents given
values of oand u in the gridwork of curYes and
produced to :meet the uncalibrated scale t'.
The intersected point is then connected by another straight line with a point on the diagonal
line representing so1ne value of s and projected
to the t scale, the read~ng on which shows directly the thickness of the stratum, vein, or
formation.

Therefore

and from the solution of this equation it is
found that

fi wi~ m2 ---- -- -- -- (

z = kmt

The equation t = t' s nuty be written as

h

(u) = fz (v) ·h (w)

1 1
{

4)

a

Fron1 equati~n (4), by substituting the speqified
moduli and values offa(w), a series of Yalues of
z can be computed, which will represent the
calibration of the diagonal scale, or sca:le of s.
EQUATIO~

(3).

Consider the positive form of equation (3)
that is to be plotted:
or

t' =sin a sin ocos u +cos osin u

ocos u) =cos 5 sin u

t' -sin a (sin

MATHEMATICAL ANALYSIS.
EQUATION (2).

~2~ z) fa (w)

ml

If some definite value is assigned to u, so that
cos u and sin u become temporarily constants,
the equation nuty be written

ft(u) -j2(v). !1(w) =t(w)
where t =u, t' =v, and s = w. In figure 3, lett'
and t be plotted upon two parallel straight-line where t' =u, a=v, and o=w. In this form we
scales, oppositely directed. The diagonal line have an equation of three variables, one of
joining the zero ends of these two scales will be
,'.,
the locus of the scale z and will be considered
," ",
I
,
to lut\'e a length of lc. Draw any nomographic
," " /
I
/z ,"
:
inde~ line joining the t' and t scales and inter....... ""
," //
:t'
secting the z scale. In the diagram,
...
" "
I
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I

/
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I
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The above equation is eYidently in the form
] 1 (u) = j 2 (v) ·f3w.
Therefore, assighing scale
moduli of m 1 and m 2 respectively to j;_ (u) and
f 2 (v), we may say that
x = m 1 }; ('u) and y = m 2fz. (v)

As t' and therefore t and s must be plotted as
natural functions, in order to be coordinate
with the chart of equation (3), the Z type of
ali.nmnent chart is used. The method of analysis is that used by Lipka: 5 Hence the equation
·
beco1nes

or

~Lipka,

Joseph, Graphical and mechanical computation, pp. t»-66,

Now York, 1918.

/
/
/

/
/

/
/

/
/

t.'

FIGURE

3.-Dir,gram to illustrate the method of calibrating tho diagonal
scale of a Z chart.
·

which (w) occurs on both sides of the equation
as two different functions-that is, f 3 (w) and
h(w). Such an equation, when plotted as an
alinement chart, will require two parallel
straight-line scales and one curvilinear scale.
The two parallel straight-line scales, representing the functionsj1 (u) and};(v), may be drawn
and calibrated in the ordinary manner used
in building the simpler type of alinement
chart, but the curvilinear scale representing
the two functions of the variable w must either
be projected graphically or computed by some
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system of coordinates. The latter procedure
is here shown, the solution given by Lipka 6
being followed very closely.
In figure 4, let a and t' be plotted on two
parallel straight lines, as shown; and let o be
represented by some hypothetical curvilinear
line. Let the zero point of each of the two
parallel scales be connected by a base line,
whose length is k~· and -let the two outer scales
be so placed that this base line lies perpendicular to both. In this way a system of rectangular Cartesian coordinates will be assured.
Take for an origin of such a coordinate system
the intersection of k with the t' scale. Draw
any nombgraphic ind~x line connecting the a
and t' scales and cutting the o scale. From
the intersection of the index line with o, draw
a line parallel to k to meet the a scale and
another parallel to the a scale to meet k.
From the· intersection of the index line with

Then in order to satisfy the equation, it is
necessary that
Z1

k-z~

mtf' (w)
3

~

an

d

kz

lc-z~=mt

j' ( )
! w

Solving the first equation, we find that

_ km1 fa (w)
( )
~ + mtfa (w) - - - - - - - - - - - 5

Zt -

And solving the second equation and substituting in it the value of z1 frome quation (5),
we find that
_ ~?nz.f. (w)
z- ~+mtfa (w) ----------- (6)

The values z and z1 are the rectangular coordinates of any point on the curvilinear scale,
representing a definite value of o, measured
from the intersection of k and the t' scale as
an origin. The locus of the curvilinear scale
o can then be determined, for a series of as:signed values of o will give the coordinates of
t' . a series of points which may be joined
a
together into a smooth curve.
To plot. such a curve, however, a fixed
value was assigned to the variable u. Therefore for every assigned value of u anew curve
will result. In the preparation of the chart
a series of such curves may be computed
Y:~------------------------~
for a regular series of values of u. If only
''~
t a single curve were charted it would be cali.z.
1 brated in terms of o, in a way similar to the
~
....,...k--_ -___-_-_. . .~._._-.___.....~
__-_-_-_-_------~-_-------~-~ '
parallel straight-line scales. But with a· seFIGURE 4.-Diagram to illustrate the method of determining the locus of the
ries of such curves the points on each curve
curvilinear scale in an alinement chart consisting of two parallel straight- that rep resent like values of 0 are joined
line scales and a curvilinear scale.
'
together, forming auxiliary intersecting
the t' scale, draw a line parallel to k. In the curves that may l;>e regarded as loci of definite
diagram,
values of o. The original curves may then be
y-z : z-x : : k-zt : Zt
regarded as loci of definite values of u, and we
shall have a series of intersecting curves reprez1y-zz1 =kz-kx-zz1 +z1x
senting the relationship between the variables
kx-z1x+z1 y=kz
o and u.
PREPARATION OF CHART.
(k-z 1) x-z1y=kz
I
The complete formula for the thickness of a
z1
kz
x+--y=-stratum was charted by the methods here
k-z1
k-z 1
described. (See Pl. VI.) The details of the
This equation is evidently in a form similar process have to do mainly with the selection
to the one to be plotted-:-that is,
of suitable scale moduli and the selection of
ft(u) -};(v).fa(w) =h(W)
such values for the variables s, a, o, and u that
Therefore, assigning scale moduli of m1 and~ the resulting scales will have an adequate and
respectively~toh(u) and};(v), we may say that balanced calibration.
Little need be said of the preparation of
x=mtft(u) and y= -md;(v)
equation (2)- that is, t=t's. From the presence of the ± sign· in the general formula it
6 Lipka, Joseph, op. cit., pp. 106-107.
I
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Read

Index figure, showing use· of chart.

Angle of slope ( (J" scale}
Angle ofdip (o scale}

INSTRUCTIONS
Trace values of angle of slope and angle of dip to an intersection
in the network. Connect value of a: with this intersection by
a straight line, using either a straightedge or a transparent
straight-line index, and continue the line to intersect the t'
scale. Connect intersection on t' scale with value of slope distance by another straight line, and continue the line to intersect the thickness scale. This Ia'It intersection will give the
required value of thickness of strata.

ALINEMENT CHART FOR GRAPHIC COMPUTATION OF THICKNESS OF STRATA.

PLATE VI

COMPUTATION OF THICKNESS OF STRATA AND DISTANCE TO A STRATUM.

results that both a positive and a negative
scale for both t' and t are required. A scale
modulus of 10 was adopted for the original
drawing, calculation of the t scale being thus
eliminated. The t' scale, though uncalibrated
in the finished chart, was calibrated for purposes of projection in the actual work, and the
calibration may be shown to be merely a
natural sine scale. The scale modulus of 10
likewise eliminated calculation in the preparation of this scale as well as in the preparation
of the a scale. The numbers 1, 2, 3, etc., might
have been used on the t scale in keeping with
slide-rule practice, instead of 100, 200, 300,
etc. But as this chart is to be used solely to
compute the thickness of geologic strata, it has
seemed best to the writer to calibrate the scale
in terms of the probable range of answers that
will be obtained. The 8 scale has accordingly
been numbered to accord with this convention.
In the plotting of equation (3)-that is, t' =
sin a sin ocos u ±coso sin u-one pqint in particular requires explanation. For the positive form of the equation, only positive values
oft' will result, but for the negative form of the
equation both positive and negative values of
t' will be obtained. Hence two nets of o and u
curves would be required, one with positive
and one with negative values; but only a single
a scale,·. the positive one, would be necessary.
To avoid drafting these two nets of o and u
scales, both positive and negative a scales were
drawn, and only one o and u network. In
using the chart, therefore, the positive values
of a are used for a solution of the normal or
positi"e form of the general equation, and the
negative values of a in solving the negative
form of the general equation. This procedure
is indicated on the chart.
As stated, the curves of o and u will ordinarily be calculated by some system of coordinates and joined together into smooth curves.
In the case of this particular equation (t' =sin
a sin o cos u ±cos o sin u), however, the compensating form of the functions of o and uthat is, sino cos u against coso sin u-results in
a series of curves which are most easily prepared by a projective method. It is unnecessary to go into an analysis of the method, but
a statement of the method used is given. It is
stated above that a preliminary sine calibration was used on the t' scale. The positive
32333°-:~-4
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and negative end points (90° positions) of the
scale being used as points of projection, two
series of radiating lines were drawn to the
points of sine calibration on the t' scale. The
intersection of these two sets of radiat4J_g lines
gave the loci of the required curves. Each of
these curves ic:; tangent to the base of the isosceles
triangle that bounds the network, and each
emerges to ii::ttersect both sides of this triangle.
Each curve serves a double purpose, thereforeas au curve and as a curv:e of the complementary value of o. As it is hard to trace several
curves past a rather flat zone of tangency, the
curves are doubly named, in order to avoid that
necessity. Every curve cuts every other curve,
and hence an intersecting point for values of o·
and u can alw.ays be found. . Only one equivocal condition will be noticed, and that is where
complementary values of o and u are given as
field data. Under this condition, the same
curve represents 'both values, and the point· of
tangency of the curve with the base of the
isosceles triangle must be regarded as the point
of intersection of a ocurve and a u curve-that
is, one limb of the curve will be regarded as a
o curve, and the other limb as a ~ curve. The
u or angle of slope calibration was carried up to
90°, and this is open to eriticism by field geologists, for h.i.Qsides of greater slope than: 30° are
rare. But the chart is also intended for measuring geologic sections in mines as well as i~
the open, and for this purpose the complete
range from 0° to 90° for u is required.
A small index chart showing five hypothetical
points joined by a compound nomographic
index lille has been added as a guide to anyone
using the chart.
a

USE OF CHART.

The use of the chart (Pl. VI) in obtaining
the thickness of geologic strata is simple.
At the left side of the chart is the a 'scale, on
which are plotted the azimuth angles between
the strike of the rocks and the line of traverse.
This calibration comprises both a positive
and a negative scale, the positive one starting
at the middle of the line and extending upward and the negative one starting at the
middle and extending downward. Use the
upper scale where the angle of slope and angle
of dip are in opposite directions and the lower
scale where the angle of slope and angle of dip
are in the same direction.
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Trace the two lines representing given
values of angle of slope and angle of dip to an
mtersection in the o-cr gridwork of curves.
With a straight edge, or a' transparent straightline index, connect the point on the a scale
with tbe o-cr intersection, and the continuation of this line will give an intersection on the
t' scale. Then connect the intersection on
the t' scale with the point on the 8 scale which
represents a given value of· slope distance, and
the continuation of this line gives an intersection on the t scale, which when read shows the
thickness of the strata. It will be rioticed
that both the t' and t scales are divided into
upper and. lower parts, just as the a scale is.
Also there are two 8 scales. When the first
operation gives an intersection on the upper
t' scale the second operation is performed
likewise on the upper 8 and t scales; and conversely when the first operation gives an intersection on the lower t' scale the second operation is performed on the lower 8 and t scales.
The 8 and t scales are calibrated 100, 200,
300, etc., instead of 1, 2, 3, etc., because the
answers will usually be of that magnitude.
If desired, however, these calibrations may
be regarded as 1, 2, 3, or 10, 20, 30, or 1,000,
2,000, 3,000, according to the use to which the
chart is to be put, just as the ordinary sliderule calibrations are used.
Another use to which the chart may be put,
in addition to finding the thickness of strata,
is the solution of equation (1) for any unknown
quantity, if the other four are known. Thus,
· a, cr, 8, and t may be known, and it is desired
to find o. A line connecting the t and 8 scales
will intersect the t' scale. If ~his intersection is
connected with the given point on the a scale,
the resulting line will intersect the given cr line
at a point which when read will show the
required value of o.
DISTANCE TO A STRATUM.
OUTLINE.

It is required to find the length of a tunnel,
shaft, or drill hole from some selected point to
some definite point on a stratum, when the
following data are given:
1. The horizontal and vertical location of the
starting point of the tunnel, shaft, or drill hole.
2. The horizontal and vertical location of a
second point, which may lie anywhere on the
surface of the stratum that is to be intersected.

3. The azimuth angle between the strike of
the rocks and the line connecting these two
stations.
4. The azimuth angle between the strike of
the rocks and the direction of the tunnel,
. shaft, or drill hole.
5. The· angle of dip of the rocks.
6. The angle of dip of the tunnel, shaft, or
drill hole.
.
In connection with Nos. 1 and 2, which may
be donsidered the beginning and end points of
a traverse, any two of the following measurements will suffice: (a) Angle of slope between
the two stations, (b) difference in elevation
between the two stations, (c) slope distance
between the two stations, (d) horizontal distance between the two stations. Therefore six
sets of data are given, and these, together with .
the answer (the tunnel distance), will necessarily produce a trigonometric equation of
seven variables.
This is the most general form of the problem
of distance to a stratum. The problem usually
considered by geologists, particularly in oil
geology, and referred to as "depth to a stratum," is a special case of the more general
problem, wherein the line joining the two
points is vertical. In such a case the pitch is
90° and the line joining the two points has no
horizontal azimuth angle. In other words,
two variables are eliminated. The formula for
the general problem will be developed, but for
this paper only the formula for the special
case-that is, depth to a s~ratum-will be
charted.
GEOMETRIC CONSTRUCTION.

Let 8 1 (fig. 5) be the starting point of the
tunnel, shaft, or drill hole, and let 8 2 be a point
which is on the surface of the stratum that is
to be intersected but is not in the horizontal
plane through 81 • Let 81 and 82 be represented by their projections on the horizontal
plane through 8 1 and let 8 2T be the strike of
the stratum at 8 2 • The line 8 10, parallel to
8 2 T, is also the strike line,- and AB is any
reference line through sl in the horizon tal
plane. Also let h be the horizontal distance
from 81 to 82, 8 the slope distance, e the difference of elevation, cr the vertical angle at 81
between the horizontal plane and the station
point 8 2 , and a the azimuth of the line joining
81 and 82 with reference to the strike line.

.

I
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Pass a vertical plane through 8 1 and 8 2 and
revolve this plane about the line joining the
projections of 81 and 82 into the horizontal
plane. The station 8 2 will fall on 8z' and the
right-angled triangle 8 18 28/ will show in true
proportions the quantities u, 8, h, and
Pass
a vertical auxiliary plane, perpendicular to the
line of strike, through 8 2. Its trace on the
horizontal plan~ is the line P 1 • Lay off 8 28/'
equal to e and draw 8/'L', making the angle
8 2L'8z'' equal to o, the dip of the stratum at
station 8 2. On revolving the right-angled triangle 8 28/'L' 90° about the line 8 2L' and then
90° about the vertical through 8 2 , the point L'
will fall on L. Through L draw the line LM

e.

I

The line T'M is the revolved trace of the vertical auxiliary plane through 8 1 M and the dipping stratum through 8 2, the point K' is the
revoved position of the point in which 8 1 K
pierces the inclined stratum, and M' is the
revolved position of the point in which t;he
vertical through M cuts the tunnel or drill hole.
If the auxiliary plane is revolved back to its
original position the projection of K' on the
horizontal plane will be found at K, and line
DK, drawn parallel to the strike line, is the
projection, on the horizontal plane through 81
of the line in which the dip plane is cut by
plane P 2 , the horizon tal plane through IL
The distance 8 1 K' is the length of the tunnel
required and is to be derived in terms of the
known slope distance 8 and angles u, o, and p.
TRIGONOMETRIC FORMULA.

From the figure:
1
8 K'= 81 !( = (81 T+TM+MK) - 1
cos p
cos p
T = h sin a s Sill a cos u
81
sin {3
sin {3

~)

'

TM= 8 2L =-e-. 1
8 s1n u
sin {3 tan o sin {3 -sin {3 tan o
MM' · HM
MK = M'K' cos p
T'H
cos P
but MM' = 8 11VI tan
B

5.-Geometric representation of the distance to a stratum when
tho di_p of the stratum, the _position of a _point on the stratum relative
to the starting _poin't of measurement, and the horizontal and vertical
directions ofthc.line of measurement arc given.

FIGURE

parallel to the strike line. The lineLMis the line
in which the dipping stratum intersects the horizontal plane through 8 11 and the strike line 8 2T
is the line of intersection of the dipping plane
with the plane through 810 and the station 82.
Let 81K be the projection of any sloping tunnel or drill hole which makes an angle p with
the horizontal plane and has an azimuth {3
with reference to the strike line. Through
8 1K pass a vertical plane. This plane will cut
the strike line 8 2 T in point T and the line LM
in point M. I£ we revolve this plane about
8 1 M into the horizontal plane, the point T,
whose distance above the horizontal plane is e,
will fall at T', M will be unmoved, and 8 1 K'
will be the revolved position of the tunnel or
drill hole. The angle p will be shown in true
value. Draw the line T'M, cutting 8 1 K' inK'.

p

= (8 1T + TM) tan

p

_- (8 sinsin.a cos
u+
sin u ) t ·
.
anp
{3
sin
{3 tan o
-- ()
a .
8

8 tan p. (. •
.
)
= sin
. {3 t an sin a tan o cos u + s1n u
0
TM
s sin u
HM:=- = . f3 t
- ___ -_-(b)
cos p s1n
an 0 cos p
T'H=e-HT=8 sinu-TMtan p
1

.

= 8 s1n

u-

8

.
sin

Sill U
Q t
an

tJ

s:
u

tan

p

-- --

(c)

8 Slll u
.
)
= Sin
. {3 t an (sin {3 tan o- tan p
0
Then. by substitution from equations (a), (b),
and (c),
MK _ 8 tan p
sin a tan o cos u +sin u
- sin {3 tan o
sin {3 tan o~ tan p
From the values of 8 1T, TM, and MK just
found
S1T TM = s sin. a cos u + . s sin u
}
+
sin {3
sin {3 tan o
8

(sin a tan 5 cos u+sin o-)
sin {3 tan 5
,
MK= . 8 tan p
sin a tan 5 cos u+sin u
sin {3 tan o
sin {3 tan o- tan p
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Consider the formula d = 8 (sin a cos cr tan o
± sin cr). This may be split into two formulas,
S1K=8(sinatanocoscr+sinCT) s1n
.· {Jt an\ - t anp Jik~ equation (1), and plotted by the same
methods. Inserting an auxiliary variable t'~
and as'
we have
S1K'= S 1K
t'=~------ ---------- -- (8)
cos p
Therefore
t' =sin a cos CT tan o±sin CT ______ (9)
S,K' ~s (sin a
cos" +sin")
These two equations have been .plotted exactly
as equation (1) was plotted, and the result is
cos p (sin .!3 tan o- tan p)
shown on Plate VII. ·The two charts, Plates
By means of a similar though simpler con- VI and VII, are analogous in every respect,.
struction it may be shown that the formula for and no further explanation is required.
"depth to a stratum" is d = 8 (sin a tan o cos
USE OF CHART.
cr+sin CT), in which the term sin CT is positive or
negative as is determined by the value of CT. · ):'he depth to a stratum is computed from
the chart (Pl. VII) exactly as the thickness of
It therefore appears that the expression
strata is computed from Plate VI. All direc1
tions are identical.
cos p (sin {3 tan o- tan p)
Adding these two last equations and factoring,
we get

t:n·a

1

GRAPHIC SOLUTION OF RIGHT TRIANGLE.

in the equation for the value of d is a factor
OUTLINE.
which must be applied where the hole is other
In the consideration of the two preceding
than vertical. If the hole or shaft is vertical
problems
of thickness of strata and distance
this factor reduces to unity.
In the construction above given, the angles
CT and ohave been drawn in opposite directions,
and also the angles CT and p in opposite directions. It has been found that four different
formulas can result by the use of other con. structions, and the composite formula covering
all cases is as follow·s:

6.-Right-anglcd triangle showing the relations of slope distance,
horizontal distance, difference of elevation, and vertical angle between
two station points.

FIGURE

d=8 (sin a tan

o cos cr±sin CT)J

1

____ (7)

·cos p (sin {3 tan o±tan p)

·

The following rules govern the use of this
composite formula:
Use+ sin cr, when CT and o are in opposite
tions.
Use - sin cr, when CT and oare in the same
tion.·
Use+ tan p, when cr and p are in opposite
tions.
Use- tan p, when cr and pare in the same
tion.
GRAPHIC

REPRESE~TATION

direcdirecdirecI

direc-

OF THE FORMULA.

As stated before, only that part of formula
(7) which relates to the measurement of
"depth to a stratum" will be plotted here.
The whole formula could be plotted by the
same methods, but in this paper other methods
will be given for its solution.

'r

to a stratum, it has been assumed, in the right
triangle determine-d by the two stations 8 1
and s2 and the plane of referenc~ (see fig. 6)
that the slope distance and angle of slope were
given. It may be, however, that instead of
8 and CT any one of the five additional combinations is given as follows: CT and h, cr and e, 8 and
,h, 8 and e, or hand e. . It is desired to derive
graphically the values of s and cr when any of
th~se combinations are given.
TRIGONOMETRIC FORMULAS.

It·may be seen at a glance that the solution
of this problem is essentially a graphic representation of the sine, cosine, and tangent conditions of a right triangle. The formulas involved are as follows:
e = 8 sin cr _____________ ( 10)
h = 8 COS CT _ _ _ _ • __ ~ ___ :. _ ( 11)
e = h tan cr _______ . _____ (12)

•
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PLATE VII
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INSTRUCTIONS
Trace values of angle of slope and angle ~f dip .to .an inter~ection
in the network. Connect value of a w1th th1s mtersectlon by
a straight line, using either a straightedge or a transparent
straight-line index, and continue the line to intersect" the. t'
scale. Connect intersection on t' scale with value of slope distance by anothP.r straig~t line •. and con~inue _the ~in~ to intei?ect
the thickness scale. Th1s last mtersect10n will g1ve the reqmred
value of thickness of strata.
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Each of these equations is in such form that it
The chart is now complete except for the
may be written j 1 (u) = j 2 (v) · fa (w), and as solution of equation (12), which expresses the
shown before such equations are best plotted tangent condition. For this, the scales e and
by means of the Z type of alinemen t chart.
h, already plotted, are used in conjunction with
a
scale of tan u which is plotted on the line BD.
PREPARATION OF CHART.
An index of two lines intersecting at right·
The method of plotting such equations has
angles is used, such as EG and FH (figure 8).
already been described, in conn~ction with the
The method consists in passing the line EG
through the given points on the e and h scales
~------~------~------~A
cos u scale
and then sliding the index along EG until the
line FII passes through C. In this position the
angle DCF= u, and it is required to compute a
calibration of tan u on the line DB so that a
reading indicated by the line HF on DB will
give the required v.alue of u.
In figure 8
DC: DS: sin (135°- u): sin u
DC sin u
sin (135°.-u)

DS

. DC
=sin 45°

.~--------~~~--------~8

FIGURE

7.-Diagram illustrating the combination of three alincment
charts for the solutio I~ of right-angled triangles.

DC sin u
sin (45° + u)
Sln

u

sin u +cos u
Sln

u

DS =DB · .
+ COS u ! _____ ( 13)
plotting of equation (2). Two straight-line
·
Sln u
parallel scales, oppositely directed, are used to
plotj1 (u) and either of the other two variables, Therefore the tan u· calibration, expressed in
in this )nstance j 3 (w). Bo"th of these are nat- the diagram by successive values of DS, was
ural scales. A straight line joinf
ing the zero ends of these two
D
scales carries the scale of the
third variable, j 2 (v), and the
calibrations are calculated by
means of equation (4), as already
explained.
In order to plot in one diagram
all three of these equations, it is
...........
J)ecessary to use one or more of
the same scales in different solutions. Equations (10) and (11)
CTI
have in common the varial;>le s,
,
wherefore it has seemed best to
~~F-----------..:..:.:,_-.-~B
make a common scale of s, ~n the
solution of these two formulas.
,
In figure 7 the values of e are
plotted on· CD, the values of sin
u on AB, and the values of s on
the diagonal ]. oining the zero ends _ FIGURE 8.-Diagram illustrating the use of an alinement chart for the solution of the tangent
condition in right-angled triangles.
·
of these two scales. Two other
lines, however, AD and CB, may be drawn to computed by multiplying the length of the
complete the square, and on these the values
diagonal DB by the expression . sln u
respectively of cos u and h may be plotted. In
sm u+cos u.
this way a chart composed of five lines is proThe chart representing the complete soluvided for the plotting of e, h, s, sin u, and tion of a· right-angle triangle is shown in
cos u.
Plate VIII. It is of universal use in the
I
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graphic solution of right triangles, but it is
here presented as an accessory chart, to be
used in connection with the charts shown in
Plates VI and VII. Thr,ee small index diagrams have been added as guides in the use
of the chart. For the convenience of geologists, for whom this chart has been primarily
constructed, the terms vertical distance, horizontal distance, slope distance, and angle of
slope have been placed on the chart to prevent
ambiguity in its use. Also as in the preceding
charts, the calibrations are given as 100, 200,
300, etc., instead of 1, 2, 3, etc., for reaoons
stated on page 45.
USE OF CHART.

A straight edge or, better still, a piece of
transparent or se:inifrosted celluloid with a
black line ruled on the underside is required
to solve equations (10) and (11). If, for example, (}" and h are giv.en, corillect the (}" value
on AD (fig. 7) with the h value on BC, and the
intersection on AC will give the value of 8·.
Or if u and 8 are given, connect the u value on
AD with the 8 value on AC, and the continuation of this line intersecting BC will give the
value of h on BC. Similar solutions are used
·when e, s, and u are involved. For equation
{12) a piece of transparent or semifrosted
celluloid will be required, on the underside of
which are drawn two black lines intersecting
at right angles. One of these lines is placed
to pass through the given values of e and h,
on CD and BC, respectively, and the other required to pass through the point C. Then the
continuation of the line passing through C
will show on DB the value of u.
TRIGONOMETRIC COMPUTER.
OUTLINE.

Two good reasons exist for the use of a trigonometric computer. First, the geologist or
surveyor will have numerous formulas to solve
which, thoug~ essential, are not frequently used.
It would be impracticable to have an alinement chart for' every such formula, and it
would be a laborious task to prepare so many
such charts. Second, such charts, when reduced to a size which can be carried in the
field, might not give sufficiently accurate results,
particularly when the formulas are complex.
The. alternative is soine graphic computing
device, which is accurate enough for general

purposes and compact enough to be carried
without difficulty in the field. ';['he straight
slide rule at once suggests itself as an instrument for this purpose, but it is open to two
main objections-it is not of convenient shape
to b~ easily and safely ca~ried, and it is not
easy to use for the solution of trigonometric
formulas.
To fill this distinct want, the writer has
designed a circular slide rule, which will not
exceed :five inches in diameter nor one
twenty-fifth of an inch in thickness, which will
be the equivalent in "accuracy of a · 12-inch
straight slide rule, and which can easily be carried in a notebook, just as a protractor is carried. The principal practical advantages of
this type of computer may be summarized thus:
1. It is compact and portable.
2. It enables all .computation~, including
trigonometric computations, to be accomplished
with the same ease and by exactly the same
operations.
3. It possesses a continuous scale, so. that it
is never necessary to reset the instrument, as
it is with the straight slide rule, because the
answer may be off the scale.
4. Sufficient spade is available through the
use of concentric circles, or of a spiral, to plot
the entire tangent scale, only half of which is
plotted on the straight slide rule. This makes
possible a direct setting to the tangents of
angles between 45° and 90° and to the cotangents of angles between 0° and 45°, doing.
away with the necessity of computing these
values from reciprocals, as in the straight slide
rule.
CONSTRUCTION OF COMPUTER.

A circular slide rule is constructed in exactly
the same way as a straight slide rule, except
that the calibration is computed and laid off
in angular instead of linear magnitudes. In
constructing a straight· slide rule x inches long,
for multiplication and division, which is to
range from a scalar value of y at one end to a
scalar value· of z at the other end, the scale
modulus (M) is expressed as follows:
""

M=

X

logy-log z
The calibration is computed by multiplying
the logarithms of each scalar value that will
appear on the scale by M.
For a circular or spiral slide rule, consider a
circle of indeterminate diameter depending on
~
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INSTRUCTIONS
Sine c.ondition. Connect value of angle of slope on the ri~ht
h~.nd scale with value of vertical distance by a straight !me,
and this line will intersect the slope-distance scale, giving the
required value of slope distance.
Cosine condition. Connect value of angle of slope on the upper
scale with value of horizontal distance by a straight line, and
this line will intersect the slope-distance scale, giving the
required value of slope distance.
Tangent condition. Use a transparent index of two lines, drawn
at right angles. Pass one line through the given values of
horizontal and vertical distances and the other line through
the lower left-hand corner of the chart. The continuation
of the second line will then intersect the diagonal line of
slope scale, giving the required value of angle of slope.

0
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ALINEMENT CHART FOR THE GRAPHIC SOLUTION OF RIGHT TRIANGLES.

0

g.

COMPUT'AT'ION OF THICKNESS OF STRATA AND DISTANCE T'O A STRATUM.

the size desired for the finished product.
Angular magnitudes are to be plotted, and as a
circle is measurable in degrees, the ~arne
formula applies if x is considered to be the
angular extent of the scale. If several concentric circles or a spiral of several turns is
used to plot some one function, the circular
scale modulus is expressed thus:
l\1=

t 360

logy-log z
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any answer that is read off in tangents will
theoretically be ambiguous, as the index gives
two values, but practically the ambiguity is of
no consequence, for the two values given by the
index are so widely different that the operator,
if he knows roughly the magnitude of the
required answer, will be able to choose without
difficulty the proper one.
The calibration of this computer is shown in
figure 9. The outer circle is the number scale;
the next circle inward is the sine scale; and the
tangent scale is placed inside the sine scale in
a two-turn spiral. This disk is mounted to
turn upon an underlying support which extends
outward a quarter of an inch or more and is
equipped with two overlying indexes, made
of transparent celluloid, which are attached to
the center of the disk. One of these indexes

where t is the number of concentric circles or
the numbers of turns in the spiral.
The circular slide rule here considered was
computed with a circular scale modulus of 180
instead of 360. The logarithmic range from 1
to 10 is 1, but the logarithmi". range f!'om sin
90° to sin 0° 45' is almost 2, ,tnd it therefore
requires twice as long a scale
to plot the desired range of
sines as to plot the usual
numerical scale. If the nu-.
merical scale is plotted to a
whole turn (360°), the sine
range will require two turns,
and if an answer is to be read
off in sines, it will be am~
biguous, as the index will
give two possibie values.
To a void this result an
angular range of 180° was
used for the numerical scale,
TRIGONOMETRIC COMPUTER
J.B.Mertie,Jr.
which places the entire sine
U.S.G.S.
scale in one turn. The
INSTRUCTIONS
Multiplication: Set multiplicand to statiol)ary if1dex and
usual numerical calibration
movable index to zero line. C)al)lp movable mqex t:.o
lower support, and bring multtpher to. movable md~x.
Product will appear under statiOnary mdex.
therefore takes but half of
Division: Set dividend to stationary \ndex and movable
index to divider. Clamp m9vable m~ex to lower !!Upone turn, and to prevent
port; and bring zero line to mo":able m~ex. Quotient
will appear under stationary mdex.
the index from yielding an
answer in the uncalibrateJ
half of the number scale,
the numerical range was
doubled-that is, to read
from 0.01 to 1, or from 0.1
to 10, as desired. Such a
scale therefore takes a whole FIGURE 9.-Trigonometric computer for the solution of such problems as are readily solved with the
12-inch straight slide rule.
turn.
The tangent scale, if pl0tted with the same turns freely, but the other is attached at the
angular range as the sine scale, requires twice outside to the underlying support and is thereas long a scale as the sine scale, and in order to fore immovable. It is intended that the
obtain this range the tangent scale is plotted freely moving index may be attached tempoin a two-turn spiral, the same circular scale rarily to the underlying support by pressure
modulus being used as before. As a result, with the thumb and one finger.

52

SHORTER CONTRIBUTIONS TO GENERAL GEOLOGY, 1921.
USE OF COMPUTER.

It is easy to remember how to manipulate
this computer, because both in multiplication
and division the start is made at the stationary
index, and the answer is found at the same
place. Thus, in multiplication the multiplicand is set under the stationary index; the
movable index is set to the zero line of the
scale; anq then, the movable index being
clamped to the underlying support with the
thumb and finger, the multiplier is brought
under the movable index; the- product is then
found under the stationary index. In division, the dividend is set under 'the stationary
index, and the movable index is set to the
divider and clamped; the zero of the scale is
then brought to the movable index, and the
quotient appears under the stationary index.
The computer also enables the operator to
read natural sines and tangents to at least three
cligits, and by using complementary angular
values he can read the natural cosines and
cotangents. Secants and cos~cants,. though
rarely used, may be obtained by taking the
reciprocals respectively of cosines and sines.

As before stated, there is a twofold numerical range from 0.01 to 1 or from 0.1 to 10. In
multiplying numbers by numbers, it is immaterial which of these scales is used; in fact,
a multiplicand can be selected in one and a
multiplier in another, and the product will be
correct. In multiplying numbers by trigonometric functions, however, the true meanings
of these two number scales must be utilized if
the required answer is to be read as a trigonometric function. These two scales in reality
represent any two number scales with a logarithmic range of 1, in which the calibrations of ·
one are ten times the value of the calibrations
in the other. This condition is not unique to·
this computer, being present in all duplex
slide rules, but is mentioned here merely to
prevent possible confusion in the use of the
computer.
It is recommended that the C«?mpu ter be used
in the field for all computations, thus saving
the carrying of graphic charts or of a book of
logarithm tables. The computer is in effect
a graphic table of three-place logarithms
arranged ·for general computations.

STRATIGRAPHIC SECTIONS IN SOUTHWESTERN UTAH AND NORTHWESTERN ARIZONA.
By JoHN B. REESIDE, jr., and HARVEY BASSLER.
INTRODUCTION ..

as the stratigraphy of the region has features
The stratigraphic data contained in this of general interest it has seemed worth while·
paper were gathered in the autumn of 1919 to record our observations, though they are
during the course of ~ reconnaissance of part somewhat scattered.
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10.-Map showing localities where sections were measured in Washington County, Utah, and Mohave County, Ariz.

of Washington County, Utah, and Mohave
County, Ariz., made chiefly to procure information as to the possibility of the occurrence of
petroleum in that region. As very few detailed data on the stratigraphy of the region
are available in published literature and also

Washington County lies in the extreme
southwest corner of Utah, and Mohave County
in the extreme northwest corner of Arizona.
The region is part of the Colorado River drainage basin-in fact, it might be considered to be
within the northern confines of the Grand
. 53
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Canyon district. It contains deeply dissected
areas in which the rocks are well exposed.
The climate is arid, but ffi.rming 'by irrigation
is ver¥ successful. Along Virgin River and
its few perennial tributaries settlements are
fairly. numerous, but away from the streams
there are none. St. George, the largest town
in the region and the seat of Washington
County, has about 2,000 inhabitants. Other
smaller settlements
are shown on the map
I
(fig. 10)
I

0

STRUCTURE.

Grand Wash fault also. Other unnamed
minor faults are present. One prominent·
fold, known as. the Virgin anticline, extends
northeastward from the district a few miles
south of St. George almost to ·the Hurricane
fault-a distance of approximately 15 miles.
On this anticline cross folds have formed three
domes known as the Harrisburg dome, Washington dome, and Bloomington dome. Other
minor folds occur here and there but are
relatively unimportant elements in the general
structure of the region.
·
STRATIGRAPHY.

The dominating structural features of the
GENERAL SECTION.
region are the north-south faults of the Great
Basin system. The famous Hurricane fault
The rocks of the region are classified in this
crosses it (see fig. 10) and, it is believed, the paper as follows:
Geologic formations of southwestern Utah and northwestern Arizona.
---~-----

System.

Series.

Formation.

Character of rocks.

Member.

I
Quaternary.

Thickness
(feet).

Alluvium, dune sand, etc.
1

Basalt flows with associated boulder beds
and cinder cones.
'.

Tertiary(?).

Massive yellow sandstone with some pink ·
staining, separated by soft sandstone,
much of it red, and red shale. The
series as a whole is pink.

1, 500+

Buff sandstones with some intercalated
shale .

1, 000±

Variegated shale, with a little thin limestone in upper part and some platy
limestone in lower part.

140

Greenish-gray, creain-colored, and brown
fossiliferous marine limestone, underlain by brick-red sandstone, shale, and
gypsum.

460±

___________________ ,. ________

Cretaceous(?).

.

----------------------------·

Jurassic.

-

I

I

I
I

Massive cross-bedded sandstone, red in
lower part and white above, the boundary between the colored parts varying
in position from v. level near the middle
to the top.'
·

2,100
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Geologic formations of southwestern Utah and northwestern Arizona-Continued.

I
I

System.

I

Series.

Formation.

Member.

Thickness

Character of rocks.

(fee~).

Brick-red to deep-red shale and sandstone.
'

Massive medium-grained mauve sandstone, cross-bedded and ripple-marked.
Brick-red sandstone and shale.

Upper Triassic.

Chinle formation.

200

I

90
420

Variable coarse arkosic cross-bedded
sandstone, banded with gray, white,
and mauve and containing fossil wood.
Locally known as the "Silver Reef
sandstone.''

25

Variegated ''gumbo'' clay shale, bluish
gray, greenish gray, mauve, red, and
rarely brown; contains fossil wood ..

260

At top 20 feet of gray platy sandstone,
underlain by 20 feet of gray and green
shale with some fossil wood; at base 75
feet o"f brown sandstone, With lines and
lenses of pebbles of chert, quartz, silicified wood, and rarely igneous rock;
fossil logs abundant.

115

----------------------------

Upper Triassic(?).

r riasaic.

Shinarump
conglomerate.

------

~ ~ ~

Brick-red to deep-red and brown shale
and sandstone; upper part very dark;
locally contains massive beds of yellow
medium-grained sandstone.
Shnabk a i b Gray to white sandy shale and soft sandshalememstone, with some pink layers and much
ber.
gypsum.

475±

360-630

0

Red beds similar to those underlying the
Virgin limestone member.
Lower Triassic.

Moenkopi
formation.

Virgin lime- Three layers of earthy yellow limestone
stonememseparated by yellow and red calcareous
ber.
shale.
Red to brown shale and sandstone, with
soft tan sandstone near base and layers,
streaks, and veinlets of gypsum throughout.
Rock Canyon conglomeratic
member.

~

Variable assemb}'age of shale, limestone,
gypsum, conglomerate, and a minor
amount of sandstone.

435±

11-160

360±

0-288
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Geologic formations' of southwestern Utah and northwestern Arizona-Continued.

System.

Series.

Formation.

Member.

Character of rocks.

Harri s.b n r g Gypsum, shale, and limestone, with platy
gypsiferous
chert. Loca1ly the "Bellerophon limemember.
stone" at top.
Massive cliff-forming cherty gray limestone, with locally a thick hmestone
breccia in lower part.
Permian.

Permian (?).

Kaibab limestone.

Coconino
sandstone.

Soft beds resembling basal member.

Tliickness
(feet).

0-280±

185-455

80-285

Massive gray limestone with much chert.

·150-230

Gypsum, gray and yellow shale, soft gray
sandstone, and some thin-bedded darkdrab limestone. i

0-100

Deep-yellow to buff sandstone at top
locally; massive white friable sandstone in middle; pale-yellow sandstone
below.

90±

------------ - -~j~--1~~~~1-~
Brick~red

Penns y Ivanian (?).

Supai formation.

sandstone and shale in the
southeastern part of the region, changing northwestward into a yellow mas- 1,300-1,500
sive sandstone with only patches of
pink color.

---------------------------- ------------l--------l-----------------------------1--------

Pennsy 1 v anian.

Bled wall
1---------1
limestone.
Missjssippian.

Dense siliceous gray limestone, with
some sandstone layers; mostly heavy
bedded; light gray on fresh surface,
dark gray and brown on weathered surface.

1,500±

----------~--------~--------- ---------~~----------------------------~--------

As the field work dealt chiefly with the formations between the Redwall limestone and
the Shinarump conglomerate the larger part
of this paper pertains to them. The fossils
collected all came from the Kaibab limestone
and from the Rock Canyon conglomeratic
member and Virgin limestone member of the
Moenkopi formation. They were submitted
to G. H. Girty for examination, and the identifications supplied by him, as well as a statement of their bearing on the strati~aphy, are
included in the appropriate pla~es.
REDWALL LIMESTONE.

The Redwalllimestone was seen in the Virgin River narrows (section 19, p. 75) below
St. George, where~ more than 500 feet of it is
exposed (~ast of a fault on the east side of Heber
Valley. It is a dense siliceous gray limestone

with some sandstone layers, mostly heavybedded, light gray on the fresh surface and
red-brown and dark gray on the weathered
surface.. About 200 feet beneath the top there
is a thin-bedded, very dark gray, highly silicified limestone layer 20 feet thick. This rock
has been thought by the residents of the region
to contain petroleum, but it does not respond
favorably to any tests. A few fragmentary
fossils were seen,but none collected. The correlation with the Redwall limestone of the
Grand Canyon· district is made on stratigraphic
position and lithology.
The limestone was examined again at a
locality 2 miles north of the Apex copper mine
and about 20 miles west of St. George (section
20, p. 76), near the pass where the Arrowhead
Trail to Los Angeles cuts through the Beaverdam Mountains. In this locality the upper

STRATIGRAPHIC SECTIONS IN UTAH AND ARIZONA.

part of the formation has been altered locally
by mineralizing solutions and bears deposits
of copper of commercial value. 1 Below this
soft, porous altered zone the beds consist of
hard limestone apparently somewhat less
massive and less silicified than the beds in the
Virgin River narrows, with a few rather heavy
beds of calcareous sandstone near the top that
are very similar to the beds of calcareous sandstone and arenaceous limestone seen at the top
of the Redwall limestone on the rim of the
Grand Canyon at the mouth of Toroweap
Valley. The thickness was not determined
but is more than 1,500 feet.
Longwell 2 divided the limestones beneath
the Supai sandstone in the Muddy :Mountains
of N evaqa into three formations. The uppermost, the Callville limestone, contains Pennsylvanian fossils and may in part represent
wh~t is here called Redwalllimestone.
. SUPAI FORMATION AND COCONINO SANDSTONE.

The names Supai formation and Coconino
sandstone were applied by Darton3 to parts of
the" Aubrey sandstone'' of the earlier students
of the region. In the Shinumo quadrangle,
Ariz. 4 (see fig. 10, locality 23), the Supai for. mation consists· of hard fine-grained crossbedded red sandstone with interbedded red
shale and, in the lower 100 feet, interbedded
limestone, the whole series 850 feet thick,
overlain by soft red shaly sandstone and red
shale 400 feet thick, a total thickness of 1,250
feet for the formation. It is locally as much as
1,400 feet thick. The Supai formation is
overlain by the Coconino sandstone, a massive
buff to creamy-white sandstone, very fine and
even grained and apparently in a single bed
250 to 350 feet thick.
In Kanab and Hacks canyons (section 1,
p. 69) the Supai formation is composed entirely
of brick-red sandstone and shale more than
1,100 feet thick. In the upper part of Hacks
Canyon the Coconino sandstone consists of a
massive white friable saccharoidal sandstone
with a deep-yellow to buff sandstone above it
and a pale-yellow sandstone beneath, the
1 Butler, B. S., and others, Ore deposits of Utah: U.S. Geol. Survey
Prof. Paper 111, pp. 595-597, 1920.
t Longwell, C. R., Geology of the Muddy Mountains, Nev., with a
section to the Grand Wash Cliffs in western Arizona: Am.-Jour. Sci.,
5th ser., vol. 1, p. 46, 1921.
aoarton, N. H., A reconnaissance of parts of northwestern New
Mexico and northern Arizona: U.S. Geol. Survey Bull. 435, pp. 25-27,

1910.
4 Noble, L. F., The Shinumo quadrangle, Grand Canyon district,
Ariz.: U.S. Geol. Survey Bull. 549, p. 68, 1914.
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whole formation 90 feet thick. The upper
deep-yellow member is present only in the
upper part of the canyon, wedging out at a
point about 6 miles from the mouth of the
canyon OJ?. Kanab Creek. In Toroweap Canyon
(section 2, p. 69) the Supai formation is all
red and 1,300 feet thick, and the Coconino
shows an upper deep-yellow layer, a middle
whitish layer, and a lower paler-yellow layer,
the whole 96 feet thick. In Black Rock
Canyon (section 4, p. 70) the Coconino and
Supai were not differentiated, but an exposure
of 1,200 feet contains mainly yellow beds
separated in _the interval from 200 to 500 feet
beneath the top by soft brick-red sandstones.
At the mouth of Rock Canyon (section 7,
p. 71) an exposure of 500 feet of sandstone
shows mingled red and yellow beds except for
the upper 17 feet1 which contains the apparent
equivalent of the Coconino-an upper deepyellow :bed, a middle white bed, and a lower
yellow bed. At the locality 6 miles south of
Hurricane (section 8, p. 71; Pl. IX, A, B) an
exposure of 250 feet of sandstone is mostly
yellow, but the upper 65 feet contains an upper
yellow layer 20 feet thick underlain by a white
sandstone 45 feet thick, which may represent
the Coconino sandstone. In Virgin Narrows
(section 19, p. 75) the Supai is a massive sandstone 1,450 feet thick with considerable irregu-."
lar red staining in the middle part. The color
of the staining is not a deep red and at many
points is really a pink. The 45 feet of beds
above this unit consist of an upper deepyellow sandstone, a middle white sandstone,
and a lower cream-colored sandstone and probably represent the Coconino sandstone. In
the section on the Arrowhead Trail through the
Beaverdam Mountains (section 20, p. 76) the
Coconino and ~upai are represented by a very
massive sandstone ·1,400 feet thick that is
predominantly of a pale-yellow color with local
pinkish patches. In brief, the red shale and
sandstone of the typical Supai formation and
the typical white Coconino sandstone gradually change toward the northwest into a massive yellow sandstone with no real red and
only a little pink coloring~ The total thickness
of sandstone seems to vary but little in the sections examined, though the apparent equivalent
of the Coconino sandstone thins steadily.
Longwell's work 5 in the Muddy Mountains
of Nevada and the Virgin Mountains of Arizona
r.

Longwell, C. R., op. cit., p. 47.
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shows that a change similar to that described
above occurs westward from the typical area
toward the Muddy Mountains. The Coconino
sandstone thins and loses its identity, and the
Supai formation changes largely from red to
gray.
Nothing was observed to indicatean unconformity beneath or within the Supai formation,
though continuous tracing might disclose it.
Schuchert 6 in 1918 called attention to the
thinning of the Coconino sandstone northward
and northwestward from the typical area,
suggesting, however, that the component sands
came from that direction.
KAmAB LIMESTONE.

The "Upper Aubrey" or" Aubrey limestone"
of the older. literature of southern Utah and
northern Arizona was, named the Kaibab limestone by Darton, 7 the name Aubrey being retained in its broad sense,. as a group term, to
include the Supai formation, the Coconino sandstone, and the Kaibab limestone. In the Shinumo quadrangle, Ariz. 8 (see map,. fig. 10,
No. 23), the Kaibab limestone is 520 feet thick
and consists, in descending order, of a cherty
gray limestone 75 feet thick, a white crystalline
limestone 200 feet thick, a soft calcareous sandstone, locally a conglomerate of soft sandstone
pebbles, 20 feet thick, a red and white calcareous
sandstone 135 feet thick, a buff crystalline siliceous limestone 40 feet thick, and.,a calcareous
white sandstone 50 feet thick. The 200-foot
limestone and the 40-foot limestone form cliffs.
In most of the exposures seen in our work
the Kaibab limestone shows a fivefold topographic and lithologic division-(1) a lower soft
member consisting of gypsum, gray and yellow
shale, soft gray sandstone, and subordinate
amounts of thin-bedde'd dark-drab limestone;
(2) a lower cliff-forming member of gray massive limestone with much brown to black concretionary chert; (3) an upper soft member
with much the same character as the lower
one; (4) an upper massive cliff-forming limestone which is similar·to the lower one but contains more chert and which from Bright Angel
Creek to southwestern Utah shows tower-like
erosion forms along its upper cliff face; (5) a
topmost member .(Pl. IX, 0), less resistant
a Schuchert, Charles, On the Carboniferous of the Grand Canyon of
Arizona: Am. Jour. Sci., 4ths.er ., vol. 45, pp. 347-369, 1918.
1 Darton, N. H., A reconnaissance of parts of northwestern New Mexico
and northern Arizona: U.S. Geol. Survey Bull. 435, p. 28, 1910.
s Noble, L. F., The Shinumo quadrangle, Grand Canyon district, Ariz.:
U.S. Geol. Survey Bull. 549, p. 70, 1914.

than the underlying beds and highly variable in
composition and thickness, consisting of shal~,
gypsum, and limestone. The limestone of the
top member is at some places arenaceous, at
others partly silicified, at still others filled with
masses of light-colored chert that b~eaks ]nto
.flat platy fragments; at many places the upper
layers contain many small angular fragments of
chert. In color it is light gray, yellowish brown,
pink, and rarely a sugary white. The sandstone is gray to yellow, calcareous, and locally
gypseous-that is, it has a gypsum cement.
The shale may be gray yellow, or rarely red.,
It is usually gypseous and in some places sandy.
These divisions of the Kaibab limestone vary
much in thickness from point to point, and it .
seems unlikely that· exactly the same beds ente1'
into the same divisions at all localities. However, over as long a stretch as that along the
Hurricane fault scarp from a point some distance south of Black Rock Canyon to Virgin
Canyon-a distance of 25 miles-the lower four
divisions are continuously exposed, though
varying in thickness from place to place. The
uppermost division is present locally but at a
distance can not be distinguished from the
overlying basal Moenkopi beds.
The lowest division is thin or lacking at several localities but is usually from 75 to 100 feet
thick. The lower cliff-forming division ranges
from 150 to 230 feet in thickness in the sections
examined. The upper slope-forming· division
ranges from 80 to 285 feet in thickness. The
upper cliff-forming division is variable, ranging
from 185 to 455 feet. A thick limestone breccia
occurs in the lower part of this unit in Virgin
Narrows, below St. George (section 19, p. 75).
· The uppermost member is composed of peculiar and characteristic ro'cks. It may b,e recognized, in spite of its variability, wherever it
occurs, and as it is a definite unit between the
upper cliff-forming limestone of the Kaibab
and the basal beds of the Moenkopi formation
it is here named the Harrisburg gypsiferous
member, from its occurrence in the Harrisburg
dome, 8 miles east of St. George. A section
measured here (section 14, p. 73) shows a thickness of 280 feet. This member may be absent
from some of the sections examined, but in
others it reaches a thickness of nearly 300 feet.
It is· apparently the same unit as that designated "Super-Aubrey beds" by Huntington
and Goldthwait. 9 The uppermost limestone
1

9 Huntington, Ellsworth, and Goldthwait, J. W., The Hurricane
fault in the Toquerville district, Utah: Harvard Coli. Mus. Comp. Zool.
Bull., vol. 42, p. 203, 1904.
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PLATE IX

A. COCONINO SANDSTONE AND KAIBAB LIMESTONE IN HURRICANE FAULT SCARP, 6 MILES
.
SOUTH OF HURRICANE, UTAH.
The Supai formation m ay he represent('{} at the h ase.

B. CLOSER VIEW OF MIDDLE PART OF SCARP
SHOWN IN A.

C. UPPER PART OF KAIBAB LIMESTONE AND BASAL

MEMBER (ROCK CANYON) OF MOE KOPI FORMATION
I
VIRGIN CANYON, 1! MILES WEST OF VIRGIN
CITY, UTAH.
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PLATE X

A. VIEW NORTHWARD TOWAHD ..SMITH'S MESA FROM A POINT JUST SOUTH OF VIRGIN CITY, UTAH.
Denches in fore.qround are t.he Virgin limestone member of the Moenkopi formation. Cliffs in background are the Moe nkopi f ormation ca'fpea by the Shinarump conglomerate and supporting a n outlier of the Chinle form ation. The white Shnabk a ib shale
member o the Moenkopi f orms a conspicuous band.

B. PANORAMA ALONG EAST SIDE OF COALPITS WASH, NEAR GHAFTON, UTAH.

The Shnabkaib member of the Moenkopi formation forms the foreground, with the upper dark-red member of the Moenkopi and
the Shinarump conglomerate above it. This is follow ed by the Chinle form ation and the massive red and whjte burassic sandstone, which forms the West Temple of the Virgin (Steamboat Moun lain) in l he background.
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beds locally contain an abundance of a species
of B ellerophon and are the '' B ellerophon limestone" of some of the earlier geologists.
The Kaibab limestone of our area, as is shown
n the data here presented, differs from. that of
the typical area in the absence of definite large
sandstone units. This differeuce is apparent
even in Hacks Canyon and Toroweap Valley.
The upper cherty limestone of the Shinumo section (seep. 58) is comparable to our Harrisburg
gypsiferous member, the 200-foot limestone
to our upper cliff-forming member, the next
lower 155 feet to our upper slope-forming
member, the next lower 400 feet to our lower
cliff-forming member, and the thin lower sandstone to our lower slope-forming n1ember.
Longwell 10 found in the Muddy Mountains
of Nevada that the Kaibab limestone contained
four divisions much like our four lowest members described above. The Harrisburg gypsiferous member, if present, IS placed In his
Moenkopi formation. The . thickness ranges
from 400 to 700 feet.
In tabular form the thickness of the several
units in our sections may be ste.ted thus: \

59

:MOENKqPI FORMATION.

The name Moenkopi formation was applied
by Ward 11 to the beds known in the older
literature as the lower division of the '' Shinarump group," bounded below by Carboniferous
limestone and above by the Shinarump conglomerate. A generalized section compiled
by Gregory 12 from Ward's descriptions gives
a thickness of about 700 feet, composed of
saliferous and gypsiferous chocolate-brown·
shale and sandstone in _the upper 500 feet,
underlain by 100 feet of white calcareous
shales, underlain in turn by 100 feet of brown
shale. Ward mentions a discontinuous bed
of white impure limestone in the calcareous
unit. Gregory gives also an accurate section
to serve as a t}rpe section, measured on Little
Colorado River 5 miles below Tanner's Crossing
and showing a thickness of 389 feet, mainly
red and brown gypsiferous shale and sandstone, with unconformities at the top and
bottom. Some conglomerate also is present.
In eastern Arizona Gregory found a massive
sandstone formation, the De Chelly sandstone,
appearing between the ordinary Moenkopi
red
beds and the ·shinarump conglomerate.
Thickness of members of the Kaibab limestone, in feet.
Shimer 13 traced the Moenkopi formation
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a Numbers refer to detailed sections given on pp. 69-77, except No. 23
w;hich is the section in the typical area in the Shimuno quadrangle, ann1
to localities shown on the map (fig. 10).
10 Longwell, C. R., Geology of the Muddy Mountains, Nev., with a
section to the Grand Wash Cliffs in western Arizona: Am. Jour. Sci.
5th ser., vol. 1, p. 48, 1921.

u Ward, L. F., Status of the Mesozoic floras of the United States:
U. S. Geol. Survey Mon. 48, pt. 1, pp. 18-19, 1905.
12 Gregory, H. E., Geology of the Navajo country: U.S. Geol. Survey
Prof. Paper93, p. 23,1917.
.
1s Shimer, H. \V., Permo-Triassic of northwestern Arizona: Geol. Soc.
America Bull., vol. 30, pp. 493-494, 1919.
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marine fossils, chiefly pelecypods; (3) middle
red beds, much like the lowest unit but purer
red in color; (4) gray to white sandy shale and
soft sandstone, with some pink layers and much
gypsum, presenting a marked banded unit in
cliff faces; (5) upper red beds, consisting of
brick-red to deep-red and brown shale and
sandstone, color in upper part very dark, locally containing massive beds of yellow medium-grained sandstone. The ·writers propose
the name Virgin limestone member for the
second unit above the basal conglomerate member of the f6rmation, from Virgin City, where
the unit is splendidly exposed. For the white
banded sandy shale unit the name Shnabkaib
. shale member is proposed,'" from the striking
isolated mesa which lies 2 miles southwest of
the town of. Washington, on the northwest
fi_ank of the W ashingt"on dome, and which is
still known by its old indian name. 14 (See Pl.
X.) Section 13 (p. 73), measured near Virgin
City, and section 14 (p. 73), measured 2 miles
east of Shnabkaib, show the thickness and relation of these units to the whole formation.
The basal discontinuous unit is an exceedingly variable assemblage of shale, limestone,
gypsum, conglomerate, and a minor amount
of sandstone. To this unit we have given the
name Rock Canyon conglomeratic member,
from~ Rock Canyon, 5 :rrllles north of Antelope
Spring, Ariz. A detailed section at this locality
is given on page 70 (section 6). The limestone
i~ gray to pink, is usually coarse, and contains
chert fragments. The shale may be gray,
yellow, or red. The conglomerate is made up
of limestone and chert boulders, locally as
much as 3 feet in diameter but usally less than a
foot, in a limestone cement and occurs in very
irregular beds, which may lie at any stratigraphic level in the basal unit. ~ocally the
included limestone fragments are angular and
the material is really a breccia, though at most
points observed they are rounded or only subangular. Locally this basal member is absent,
as the sections show, and the lower red beds
rest directly on limestones containing Kaibab
fossils. At the head of Rock Canyon a great
gash 700 fe.et wide and 250 feet deep has been
cut into the Kaibab and filled with a confused
mass of limestone, shale, gypsum, and conglomu Shnabkaib iS said by Dr. J. P. Harrington, of the Bureau of American
Ethnology, to be most probably ·a corruption of shona'agaiv, from
shona'a, coyote, and gaiv or kaib, rocky hill, or mountain.

erate. This mass contains thin verns of
asphaltite and zones impregnated with asphaltic material.
"
Lee 15 found near Cedar City conglomeratic
beds 175 feet thick resting unconformably on
hard cherty Kaibab limestone and· overlain by
red shales. About 50 miles farther north, in
Beaver Canyon, limestones and shales containing the Virgill limestone fauna rest on a thin ·
conglomerate, and this in turn rests on cherty
fossiliferous Kaibab limestone. Longwell 16
found in the Muddy Mountains of Nevada
depressions in the top of the Kaibab limestone
filled with chert and limestone fragments.
These fragmental deposits are the base of the
Moenkopi formation.
Two complete sections were measured
through the Moenkopi formation. Section 13
(p. 73), measured near Virgin City, shows a
total thickness of 1,775 feet, of which 170 feet
is the Rock Canyon conglomeratic member,
360 feet the lower red beds, 80 feet the Virgin
limestone member, 400 feet the middle red beds,
360 feet the Shnabkaib shale member, and 405
feet the upper red beds. The other complete
section (No. 14, p. 73) was measured on the
south side of the Harrisburg dome, 8 miles west
of Virgin City. Here the total thickness is
2,035 feet, of which 335 feet is assigned to the
lower red beds, 160 feet to the Virgin limestone
member, 435 feet to the middle red beds, 630
feet to the Shnabkaib' shale member, and 475
feet to the upper red beds. The Rock Canyon
conglomeratic member seems to be lacking at
the Harrisburg dome.
Sections of parts of the formation were
measured at several localities. In the Washington dome, just west of the Harrisburg dome
(section 15, p. 74), the Rock Canyon conglomeratic unit is 288 feet thick, and the lower
red beds are 320 feet thick. In the Bloomington dome (section 16, p. 74), south of St.
George, the lower red beds are about 320 feet
thick. Near Black Rock Spring (section 18,
p. 75) the lower red beds are 180 feet thick.
Near Bullrush, 12! miles southwest of Freedonia, Ariz. (section 3, p. 70), the Virgin lime. stone member seems to be represented by a
calcareous unit 11 feet thick. Farther west,
in the neighborhood of Antelope Spring, it
15

Lee, W. T., The Iron County coal field, Utah: U.S. Geol. Survey

Bull. 316, p. 362, 1907.

1e Longwell, C. R., op. cit., p. 49.
.J

STRATIGRAPHIC SECTIONS IN UTAH AND ARIZ ON A.

forms a conspicuous member of the Moenkopi
formation, perhaps 75 feet thick, and may be
traced as a series of three marked benches
near the base of the red cliffs of softer rock
which stand high above the Hurricane fault
scarp. West of this fault the Virgin limestone
is conspicuous in every exposure. of the lower
pa;rt of the Moenkopi formation. In the
Washington dome it is 160 feet· thick and
locally shows four limestone beds instead of
the usual three beds. In the Bloomington
dome ·it is 130 feet thick. Near Black Rock
Spring it is 100 feet thick. The Shnabkaib
shale member is a marked unit in the upper
part of the Moenkopi formation at least as
far east as a locality 8 or 10 miles east of
Fredonia, Ariz. The Virgin limestone member
was not observed here and may be entirely
absent. The calcareous unit of Ward's typical
section· farther east may represent the extension of the Virgin limestone.
The sandstones in the upper red beds are
not very conspicuous near Virgin City, but
they are present along the Virgin antiqline and
northwest of St. George; along ~he Arrowhead
Trail to Los Angeles they make up a considerable part of the upper red-bed unit. Though,
th~y nowhere stand up in massive cliffs they
suggest in their position the De Chelly sandstone of Gregory, which occurs in eastern
Arizona . between the usual red beds of the
Moenkopi formation and the Shinarump conglomerate .
.The red sandstones of. the Moenkopi are
spotted locally with green copper stains that
have caused much fruitless prospecting. The
upper limestone of the Virgin limestone member at many · places contains disseminated
lead, zinc, and copper sulphides in small
amount.
Huntington and Goldthwait 17 give a section
of the Moenkopi formation near Toquerville,·
about halfway between our two complete sections, in which our units are recognizable but
the thicknesses are very different. This section
shows, at the base, soft red shales, 170 feet;
gray and red shales with three limestone
benches, 115 feet; soft red shales, with some
harder gray layers, 250 feet; white and red
shales, 390 feet; chocolate-colored,· gray, and
n Huntington, Ellsworth, and Goldthwait, J. W., The Hurric~nefault
in the Toquerville district, Utah: Harvard Coil. Mus. Comp. Zool. Bull.,
vol. 42, p. 203, 1904.

32333°-22-5

61

lavender shale and sandstone, 380 feet; total,
1,205 feet. There is no apparent thinning
westward from Virgin City to Toquerville, but
rather the reverse, and we question the accuracy of this section.
Near Cedar City, Utah, Lee 18 measured sections which show a total thickness of 2,650 feet
for the beds here called the Moenkopi formation. They contain a fossiliferous limestone
member equivalent to the Virgin limestone
member. About 50 miles farther north Lee
found the Virgin limestone fauna to persist
through a thickness of 350 feet of shale and
limestone, overlain by unfossiliferous limestones
making a total of at least 600 feet of strata
with limestone beds above the fossiliferous·
Kaibab limestone.
Longwell 19 found that in the MU:ddy Mountains" of Nevada· the Moenkopi formation consists of thin-bedded limestones, shale, and sandstone. The thickness ranges from 1,200 to
1,600 feet, of which the lower half is predominantly marine limestone and the .upper half
continental deposits.
Apparently the red beds of the typical
Moenkopi formation pass westward and northwestward into marine limestones. The thin
li.J,nestone of the. typical area is the edge of a·
wedge which increases to the ·Virgin limestone
member and then to the thicker limestone
members found by Lee and Longwell.
Walcott 20 found in Kanab Valley a limestone and shale unit like our lower Moenkopi
beds, 198 feet thick, overlain by a shale and
sandstone unit 666 feet thick. These beds lie
between the "Berterophon limestone" of -the
Kaibab formation and the Shinarump conglomerate. The limestone in the lower division
carries Walcott's "Permian" fauna, now known
to be Lower Triassic.
The Moenkopi formation is unconformable
on the Kaibab limestone. The basal conglomeratic member of the Moenkopi, the variation in the thickness of the Harrisburg member
of the Kaibab limestone, and the presence of
a gash cut deep into the massive Kaibab and
filled with Moenkopi materials near the head of.
Rock Canyon sliow an erosion interval. Evidence of an erosi9nal interval at this horizo~
18 Lee, W. T., The Iron County coal field, Utah: U.S. Geol. Survey
Bull. 316, p. 362, 1907.
19 Longwell, C. R., op. cit., p. 49.
zo Walcott, C. D., The Permian and other Paleozoic groups of the
Kanab Valley, Ariz.: Am. Jour. Sci., 3d ser., vol. 20, pp. 221-225, 1880.
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has been noted by a number of observers.
Powell, 21 Walcott, 22 Dake/3 Lee, 24 Gregory, 25
Shimer, 26 and Longwell 27 have all cited evidence
of its presence over a wide area and of its considerable magnitude.
SHINARUMP CONGLOMERi\TE.

J

The Shinarump conglomerate forms a marked
stratum throughout northern Arizona and
southern Utah. It is thin but resistant and in
many places caps mesas or forms prominent
benches. · (See Pl. X.)
·
.
The name was ·originally given by Powell 28
to the middle member of his ''Shinarump
group." ·
In our area only one detailed section was
made, that north of Virgin City (section 13,
p. 73), where the Shinarump conglomerate was
found to consist of three members-(1) at the
base a brown sandstone 75 feet thick, with
lines and lenses of pebbles of chert, quartz,
silicified wood, and rarely of igneous rock and
with fossil logs; (2) gray and green shale with
some fossil wood, 20 feet thick; and (3) at the
top gray platy sandstone with a few pebbles,
20 feet thick. The base of the lower sandstone
J.s irregular and is marked by a .discontinuous
layer of dark shale. This plane is an evident
disconformity, but of what significance it is
difficult to say. At the Harrisburg dome (section 14, p. 73) the Shinarump conglomerate is
about 100 feet thick and consists of sandstone.
It seems to be fairly uniform over most of the
area examined, ·but 15. miles northwest of St.
George it is less than 50 feet thick and not as
resistant as usual. To the east, on the KanabFredonia road, the conglomerate is 40 feet
thick.
The Shinarump locally contains crusts of
iron and manganese oxides which are high in
. t1 Powell, J. W., Report .on the geology of the eastern pottion of the
Uinta Mountains, U.S. Geog. and Geol. Survey Terr., 2d div., 1876.
Ill Walcott, C. D., The Permian and other Paleozoic groups of the
Kanab Valley, Ariz.: Am. Jour. Sci., 3d ser., vol. 20, pp. 221-225,. 1880.
sa Dake, C. L., The pre-Moenkopi (pre-Permian?) unconfornuty of
the Colorado Plateau: Jour. Geology, vol. 28, pp. 61-74, 1920.
:H Lee, W. T., General stratigraphic break between Pe~ylvanian
and Permian in western America [abstract]: Geol. Soc.Amenca Bull.,
vol. 28, pp. 169-170, 1917.
.
~Gregory, H. E., Geology of the Navajo country: U.S ..Geol. Survey
Prof. Paper 93, p. 30, 1917.
.
•
sa Shimer, H. w., Permo-Triassic of northwestern Anzona: Geol. Soc.
America Bull., vol. 30, p. 494, 1919.
.
11 Longwell, C. R., Geology of the Muddy Mo~tains, Nev., with. a
section to the Grand Wash Cliffs in western Anzona: Am. Jour. SCI.,
5th ser ., vol. 1, p. 49, 1921.
111 Powell, J. W ., Report on the geology of the eastern portion of the
Uinta Mountains, pp. 53,68-69, U.S. Geog. and Geol. Survey Terr., 2d
div., 1876.

manganese but do not occur in sufficient
amount to have a commercial value. The
fossil logs are locally replaced in part by copper
sulphides instead of silica.
CHINLE FORMATION.

The name Chinle formation was given hy
Gregory 29 to the beds above the Shinarump
conglomerate and below the Wingate sandstone. Gregory was able to distinguish four
persistent divisions, which are, in ascending
order, (1) dark-red, light-red, chocolate-colored, or rarely gray shales (70 per cent) and
shaly sandstone (30 per cent), with brown ·
conglomerate of limestone and clay pebbles;
(2) shales and "marls" with rare calcareous
sandstone, all lenticular, exceedingly friable,
red, ash-colored, and purple, with characteristic limestone conglomerate; (3) gray, pink,
and purple cherty limestone and light to dark
red shale in alternating bands; (4) red, brown,
pink, or rarely gray calcareous. shales and
shaly sandstones, with a few thin bands of
limestone and limestone conglomerate. In a
composite section given by Gregory division 1
is 203 feet thick; 2, 450 feet; 3, 214 feet; and 4,
315 feet.
In our area only· one section of the Chinle
formation was measured, though the formation
is a prominent member of the stratigraphic
series. (See Pl. XI, A.) This section (No. 13,
p. 73) is near Virgin City and aggregates 995
feet in thickness. N olimestones were observed.
The basal member consists of 260 feet of
variegated, bluish-gray, greenish-gray, mauve,
red, and rarely brown "gumbo" clay shale
and contains fossil wood. Upon this rests
25 feet of variable coarse arkosic cross-bedded
sandstone banded with gray, white, and
mauve and containing fossil wood. This sandstone is overlain by 420 feet of brick-red shale
and sandstone, forming a slope. Next comes
a massive medium-grained cross-bedded ripplemarked cliff-forming mauve sandstone 90 feet
thick. Above this sandstone lies about 200 feet
of brick-red to deep-red shale and sandstone.
The banded gray, white, and mauve sandstone is locally known as the ''Silver Reefsandstone,." as it is said to be the zone- which
in the Silver Reef, near Leeds, Utah, contains
the fossil logs impregnated with silver minerals
Ill Gregory, H. E., Geology of the Navajo country: U.S. Geol. Survey
Prof. Paper 93, pp. 42-43, 1917.
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PLATE XI

A. CHINLE !?ORMATION AND OVERLYING MASSIVE JURASSIC SANDSTONE IN ZION CANYON
ABOVE SPRINGDALE, UTAH.

B. CROSS-BEDDING IN WIIITE UPPER PART OF MASSIVE JURASSIC SANDSTONE 12 MILES NORTH OF

ST. GEORGE, UTAH, ON ST. GEORGE-MODENA ROAD.
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the Todilto formation in the middle, and the
Navajo sandstone above. The Wingate sandstone is a massive cross-bedded fine-grained
cliff-forming dark-red to light-red or orange-red
sandstone, in which the cross-bedding is largely
tangential and gives rise on weathering to characteristic arches and caves; its thickness ranges
from 200 to 500 feet. The Todilto is a very
thin formation of calcareous sandstone and
limestone, barren of fossils. TheN avajo sandstone is tangentially cross-bedded massive yellow to red sandstone with a few thin layers of
blue limestone. It is resistant and cliff-forming
and usually weathers into domes and rounded
forms at the top; its thickness ranges from 100
to. more than 1,000 feet. The whole. group
ranges from perhaps 400 feet to well over 1,000
feet in thickness.
In Washington County, Utah, there lies
above the Chinle formation a massive crossbedded sandstone that is locally all red but in
most places red in the lower part and white
above, the red portion making up one-half or
more of the unit. The lower part characteristically forms arches, and the upper part
weathers to rounded pinnacles and domes.
(See Pl. XI, A, B.), Upon this white sandstone rests a series of brick-red sandstone and
shale perhaps 200 feet thick. This unit is soft
and is conspicuous only where it is left as erosional remnants on the white sandstone. It
seems to belong rather to the succeeding unit
than to the sandstone. Only one measurement of the t4ickness of the sands tone was
attempted, and that with rather unsatisfactory
results. This measurement was made by triangulation from Coalpits Wash, just west of
Zion Canyon, on the west side of the West
JURASSIC SANDSTONE.
Ten1ple of the Virgin, or, as it is locally known,
Gregory 311 assigned three formations in east- Steamboat Mountain, and gave a total thickern Arizona and western New Mexico to the ness of 2,100 feet, mostly in sheer wall. There
La Plata group-the Wingate sandstone below, appears here to be no break of any kind in the
sandstone wall; not even a single soft layer is
8o Butler, B. S., and others, Ore deposits of Utah: U. S. Geol. Survey
observable. Farther east, toward Kanab,
Prof. Paper 111, pp. 582-594, 1920.
'
at Huntington, Ellsworth, and Goldthwait, J. W., The Hurricane Utah, the sandstone is less massive and confault in the Toquerville district, Utah: Harvard Coli. Mus. Comp.
tains softer layers. To the west, near St.
Zool. Bull., vol. 42, p. 203, 1904.
"Lee, W. T., The Iron County coal field, Utah: U.S. Geol. Survey George, Utah, the same is true; in fact there
.Bull. 316, p. 362, 1907.
appear to be many softer layers, and the sand88 Lee, W. T., Early Masozoic physiography of the southern Rocky
Mountains: Smithsonian Misc. Coli., vol. 60, No.4, p. 22, 1918.
stone forms a number of benches. Northwest
84 Longwell, C. R., op. cit., p. 51.
of S.t. George, in the valley of Santa Clara
85 Discussed in Cross, Whitman, and Howe, Ernest, Red Beds of southwestern Colorado and their correlation: Geol. Soc. America Bull., vol.16 Creek, the unit again takes on a massive cliffpp.486-487, 1905,
forming character and stands .in high, sheer
Ia Gregory, H. E., Geology of the Navajo country: U. S. Geol. Survey
Pro!. Paper 93 p. 52, 1917.
walls with the top weathered into rounded

that in the eighties supported several flourishing mining enterprises. 30
The mauve cliff-forming sandstone is the
"mauve sandstone" of Huntington and GoldthwaitY These authors give the thickness of
the Chinle (their "Painted Desert formation")
near Toquerville as only 350 feet, though they
seem not to have included the beds above the
mauve sandstone. Lee 32 observed at a locality
near Cedar City, Utah, 520 feet of reel shale and
sandstone resting upon the Shinarump conglomerate, overlain by 250 feet of massive
.cross-bedded sandstone, and that in turn by
180 feet of sandstone and red, purple, and gray
shale, a total of 950 feet. In a later report 33
Lee placed only the lower 520 feet of this
series in the Chinle formation, but the entire
950 feet evidently corresponds to our Chinle
formation, which is included between the massive sandstone described below, whose basal
· part, at least, is probably equivalent to the
Wingate sandstone, and the Shinarump conglomerate. LongweJl 34 refers to the Chinle
formation in Nevada as a variable assemblage
of conglomeratic sa~clstone, finer · S9Jndstone,
and gypsiferous shale. Its thickness ranges
from 800 to 3,000 feet.
'
Walcott found in Kanab Valley a fossiliferous
zone 35 about 900 feet above the Shinarump
conglomerate, which seems from the descrip~
tion to be near. the top of the Chinle formation,
though possibly it is in the base of the overlying
sandstone, which is not as massive as it is farther west. The fossils were fish and reptilian
teeth, Esthe,ria, and a fragment of. an amnlonite and are said to suggest Jurassic rather
than Triassic relationship.

I
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forms. Here the tangential cross-bedding of
the upper white part is a striking feature and
resembles that of the Navajo sandstone farther
east. The thickness is comparable with that
at Zion Canyon.
The white upper part of the sandstone seenis
to be the White Cliff sandstone, and the red
lower part the Vermilion Cliff sandstone of
Dutton and other earlier students of the geology
of the region. Huntington and Goldthwait 37
called the red part the "Kanab sandstone" and
the white part the "Colob sandstone." As the·
color boundary within a short distance may
vary from the middle to the top of the Jurassic
sandstone, units based on color alone are hardly
tenable in this area.
Lee 38 found on Coal Creek, near Cedar City,
two massive sandstones separated by a softer
unit that aggregate 1,700 feet in thickness and
seem to represent our sandstone unit. Lee 30
later included about 400 feet more of lower
beds with these, but the character of the lower
beds fits the Chinle formation better, and they
should perhaps be assigned to that formation.
Lee _considered the whole thickness of 2,100 feet
to be the equivalent of the Wingate sandstone.
Longwell 40 found in the Muddy Mountains of
Nevada a cross-bedded sandstone ranging from
800 to 2,000 feet in thickness, resting upon the
Chinle for:rp.ation. He correlated this unit with
the La Plata group.
Whether this Jurassic sandstone of southwestern Utah and adjac.ent regions represents
the entire La Plata group of Gregory may be
questioned. It seems to be identical with Emery's Wingate sandstone 41 of the San Rafael
Swell region and with the Wingate of Lee's-Coal
Creek section. Dake 42 believes that it represents the entire La Plata group of Gregory, not
merely the typical Wingate, and disputes the
interpretation of Emery and Lee. ,
The Wingate is reported to be unconformable on the Chinle formation at some places.
We saw no evidence of this unconformity in
87 Huntington, Ellsworth, and Goldthwait, J. W ., The Hurricane fault
in the Toquerville district, Utah: Harvard Coli. Mus. Comp. Zool.
Bull., voL 42, p. 203, 1904.
88 Lee, w. T., The Iron County coal field, Utah: U.S. Geol. Survey
Bull. 316, p. 362, 1907.
.
.
ag Lee, w. T., Early Mesozoic physiography of the southern Rocky
Mountains: Smithsonian M.isc. Coli., vol. 60, No.4, p. 22, 1918.
~o Longwell, C. R., op. cit., p. 51.
41 Emery, W. B., Green River Desert section: Am. Jour. Sci., 4thser.,
vol. 46, pp. 551-577, 1918.
f2 Dake, C. L., The horizon. of the marine Jurassic of Utah: Jour. Geology, vol. 27, pp. 634-646, 1919 (1920).

the area covered by our work, though close
examination was not made at many points.
JURASSIC LIMESTONE.AND SHALE.

Resting on the thick Jurassic sandstone just
discussed lies a series of beds which consist of
red shale and sandstone, with some gypsum,
in the lower part and greenish-gray, creamcolored, and brown marine fossiliferous limestone in the upper part. The only section of
these beds obtained was measured on the east
side of Diamond Valley,·15 miles north of St.
George, Utah (section 21, p. 77). Here the red
shales and sandstone form the floor of the valley between the sandstone and the limestone
and are but poorly exposed. Their total thickness is about 160 feet. The patch of red rock
on the top of the West Temple of the Virgin
(Steamboat Mountain) seems to include this
interval but is a little thicker than the beds in
Diamond V al~ey. Above the red shales at
Diamond Valley is 300 feet of limestone with
some shale and gypsum layers, much of it
cream-colored, but some layers, especially in
the upper part, brownish, gray, and greenish
white. Fossils were observed in a number of
layers but were so poorly preserved as not to
be worth collecting_ However, abundant Pentacrinus stem joints, Trigonia sp.like -T. americana, and' a small Ostrea were recognizable and
fix the age as undoubtedly that of the marine
Jurassic of the region.
Lee 43 measured near Cedar City 40 feet of
red shale and gypsum resting on the massive
Jurassic sandstone, then 250 feet of brown
earthy limestone which seems to correspond to
our beds. Stanton 44 measured near Glendale
a section with 8 feet of red shale near the
base, overlain by 292 feet of fossiliferous limestone and shale. Dake 45 found near Teasdale
449 feet of gypsiferous limestone and shale
above his La Plata group.
We saw no evidence of unconformity in this
series, .but close examination was made at only
one locality.
CRETACEOUS ( ?) VARIEGATED SHALE.

Above the marine Jurassic limestone occurs.
a bluish-gray, red, and greenish-gray" gumbo"
Lee, W. T., The Iron County coal field, Utah: U.S. G_eol. Survey
Bull. 316, p. 362, 1907.
H Stanton, T. W., unpublished notes.
~5 Dake, C. L., The horizon of the marino Jurassic of Utah: Jour.
Geology, vol. 27, pp. 634-646, 1919 [1920].

STRATIGRAPHIC SECTIONS IN UTAH AND· ARIZONA.

65

Cretaceous fossils. Richardson 50 found in the
Colob coal field, not far from the areas examined
by Lee, 2,500 feet of buff sandstone and drab
shale, with coal in the lower part, all of which he_
referred to the Colorado group. Beneath it he
found 800 feet of varicolored shale and sandstone, gypsum, and marine limestone representing the Cretaceous ( ~) shale and Jurassic
limestone of this paper. Richardson 51 also
found in the valley of Virgin River near Mount
Carmel a series ol beds including, in asce.nding
CRETACEOUS ( 1) SANDSTONE.
order, 15 feet of conglomerate, 400 feet of coalbearing shale and sandstone, 700 feet of shale
Resting upon the variegated shale just de- with marine fossils, and 1,000 feet of alternatscribed
is a series of buff .sandstones
.
. . with some ing sandstone and shale containing marine and
mtercalated shale. These are VIsible at many brackish-water Colorado fossils near the base.
pl~c~s along the lower flanks of the Pine Valley· On these beds rests 10 feet of conglomerate,
Mountains, north of the region covered by our then 700 feet of fresh-water sandstone and shale
wor~. A section of these sandstones was ma~e possibly of Montana age, then another conglomat ?m;m~nd Valley. The lower 90 feet of this erate, . probably Tertiary. Stanton 52 found
series IS hght-gray to brown sandstone, mostly near Glendale 6 miles from Mount Carmel 91
soft but with some har~ layers and a little gray feet of coal-b~aring gray sandstone and shale
~d ~urple shale: This sandstone ~hows s~ei? resting on the Cretaceous ( ~) variegated shale
1mpr.mts and c~rbonaceous matte~. Above 1t 1s . above the marine Jurassi'c. Upon this coal-a thin laye~ of very dense ~eddish and blue- bearing unit rests 1,000 feet, more or less, of
gray quartzit~, and upon this 30 feet of gray drab sandy marine sh'ale of Colorado age,. and
shale and carbonaceous sandstone. Above upon this, in the section examined, 280 feet
this lower part comes 750 feet, more or less,' of of brown sandstone and shale with Colorado
heavy-bedded buff sandstone, of which the fossils.
lower 300 feet has soft sandstone layers and
TERTIARY (?) SANDSTONE.
shale between the harder sandstones, but the
Above the buff Cretaceous sandstone series.
upper 450 feet is buff sandstone with one.
is exposed in the flanks of the Pine Valley
reddish layer. Above the rocks just described,
Mountains a pink sandstone series. At a point
at the point of measurement, wash and basaltic
near Diamond'Valley, 3 miles south of the locallava conceal the bedrock. No fossils were
ity where the buff sandstone was measured, an
observed other than the impressions of plant
exposure of 1,500 feet of these pink sandstones
stems mentioned.
was examined. It consists of massive sandLee 49 found on Coal Creek, near Cedar City,
stone beds, yellow with some red staining and
above the shale which rests upon the marine
separated by soft sandstone, much of it red in
Jurassic limestone an unconformity marked by
a conglomerate, followed by 780 feet of varie- color, and red shale. As a mass this series is
gated shale and gray or light-colored sandstone, pink and contrasts sharply with the lower buff
upon which rests 125 feet of gray and yellow sandstone series. So far as could be detersandstone, with coal and minor shale layers mined by inspection from a high point several
and carrying Cretaceous fossils. Above these miles away, the base of .this exposure is very
coal-bearing beds in Lee's section is exposed close to the to pof the Cretaceous ( ~) sandstone.
455 feet of sandstone with a minor amount of Intervening outcrops piercing the .wash and
shale and limestone and carrying marine lava cover aid in judging this, though continuous tracing is impossible.
46 Lee, W. T., The Iron County coal field, Utah: U.S. Geol. Survey

shale, with a little thin limestone in the upper
. part and some platy sands tope in the lower
part. At Diamond Valley (section 21, p. 77)
it is 140 feet thick. We can not say from the
data obtained in the small area examined
closely whether this unit is conformable or unconformable on the underlying beds.
Lee 46 noted near Cedar City a similar unit
350 feet thick; Stanton/7 near Glendale, Utah,
the same, 550 feet or more; and Dake, 48 near
Teasdale, the same, over375 feet.

Bull. 316, p. 362, 1907.
47 Stanton, T. W., unpublished notes.
48 Dake, C. L., op. cit.
49 Lee, W. T., The Iron County coal field, Utah: U. S. Geol. Survey
Bull. 316, p. 362, 1907.

60 Richardson, G. B., The Harmony, Colob, and Kanab coal fields,.
southern Utah: U. S. Geol. Survey Bull. 341, p. 381, 1908.
61 Richardson, G. B., unpublished notes.
62 Stanton, 'l'. W., unpublished notes.
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Schizodus wheeleri.
A viculipecten? sp.
Basaltic flows, apparently of late date, in
Pleurophorus omexicanus.
places little weathered and with only a thin
Plagioglypta canna.
soil cover, occupy considerable areas of the
Bellerophon majusculus.
Bucanopsis aff. B. bella.
region. Associated with them are local thick
Euphemus sp.
boulder beds and here and there cinder cones.
Pleurotomaria sp. ·
(See Pls. XII; XIII, B.) At some places
Goniospira sp.
large areas of dune sand occur, notably that 8
Naticopsis? sp.
miles. southeast of St. 9eorge. Along Virgin
Platyceras sp.
Eumophalus sp.
River alluvial flats supply land for irrigation
Metacoceras sp.
farming.
Nautilus sp.
AGE OF THE FORMATIONS.
2. Five collections (catalog Nos. 3047 to 3051) from lower
The Redwalllimestone at the locality of its
strata of the Harrisburg gypsiferous member:
typical occurrence is believed to be in part
Batostomella n. sp.
Mississippian and in part Pennsylvanian. In
Polypora sp.
the Beaverdam Mountains we collected MarPhyllopora? sp.
Derbya? sp.
gin~fera aff. M. splendens (catalog No. 3059)
Chonetes
hillanus.
at a horizon 650 to 700 feet beneath the top of
Pugnax osagensis var.
the formation, and Chaetetes milleporaceus (catSpirifer sp.
alog No. 3061) at a horizon about 1,000 feet
Spiriferina sp;
beneath the top. G. H. Girty reports both
Sq uain ularia guadal u pensis.
Composita subtilita.
these species to indicate either Pennsylvanian
Composita n. sp.
or Permian age. It is therefore probable that
Myalina aff. M. deltoidea.
at least 1,000 feet o~the Redwalllimestone, as
3. A single lot (catalog No. 3060) from a coral-bearing
here conceived, is .Pennsylvanian.
limestone near the top of the Harrisburg gypsiferous memThe Supai formation, Coconino sandstone, ber in the Harrisburg dome:
and Kaibab limestone for years were considFavosites? n. sp .
. ered to represent the Pennsylvanian. The
Lithostrotion? n. sp.
Campophyllum? n. sp.
evidence accumulated from many sources,
4.
Eight
collections (catalog Nos. 3039 to 3046) from the
however, is ·increasingly in favor of a correlamassive
limestone
members of the Kaibab limestone:
tion of all three formations with the Manzano
Sponge,
undetermined.
group of New Mexico, now classified as PerEchinocrinus sp.
mian. In this paper the Supai formation and
Spirorhis sp.
the Coconino .sandstone are assigned doubtBatosomella n. sp.
fully to the Pennsylvanian and the Permian,
Lioclema sp.
Fenestella sp.
respectively, as the available evidence of their
Polypora sp.
age is still insufficient to warrant a definite
Septopora n. sp.
assignment. The Kaibab limestone is placed
Derbya aff. D. nasuta.
in the Permian, because it afforded a number
Orthotetes sp.
of lots of fossils, and althougp no attempt was
Meekella pyramidalis.
Chonetes hillanus.
made to gather complete collections, those
Productus ivesi.
obtained permit correlation with part of the
Productus occidentalis.
Manzano group. The following yOmbined lists
Productus popei.
show the determinations inade by Mr. Girty:
Pustula subhorrida.
Pustula subhorrida var.
1. Five collections (catalog Nos. 3054 to 3058) from the
Pustula a.ff. P. irginae.
"Belleropho'f!- limestone'~ of the Harrisburg gypsiferous
Marginifera splendens?
member:
Marginifera? aff. M. splendens.
Phyllopora? sp.
Dielasma sp.
Dielasma sp.
Squamularia guadalupensis.
Nucula levatiformis.
Spiriferina sp.
Leda obesa.
Composita mexicana?
P,teria (Bakewellia ?) sp.
Composita subtilita.
Pseudomonotis? sp.
Pseudomonotis? sp.
Myalina sp.
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PLATE XII

A. GROUP OF CINDER CONES OF LATE DATE AND ASSOCIATED LAVA; DIAMOND VALLEY, 12 MILES

NOHTH OF ST. GEOHGE, UTAH.

B . NEAHEH VIEW OF LAHGER CONE OF GHOUP SHOWN IN A.
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PLATE XIII

A. SHINARUMP CONGLOMEHATE RESTING ON UPPEH MOENKOPI SHALE AND SANDSTONE, SMITH'S

MESA, 3 MILES NOHTH OF VIHGIN CITY, UTAH .

B. LATE BASALT FLOW RESTING ON -A CONGLOMEHATE OF BASALT AND OTHER BOULDEHS, ON
ROAD FHOM TOQUEHVILLE TO LA VERKIN, UTAH.
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5. Single lot (catalog No. 7791) associated with oilbearing layer at the oil seep 1! miles west of Virgin City,
near top of ltock Canyon conglomeratic member:
Bakewellia sp. (small form).
Myalina sp. (small form).
Regarding these Kaibab fossils Mr. Girty says:
Myophoria? sp.
The fauna of the Kaibab limestone, which I r-.Jgard as
Pleurophorus sp.
of Permian age, presents two fairly distinct facies correPseudomelania? sp.
sponding to different stratigraphic horizons. The upper
Ostracoda.
fauna consists largely of gastropods (especially Bellerophon)
6. Single lot (catalog No. 7781) from a horizon 8 feet
and pelecypods (especially Leda). This is clearly the above that just listed but at same locality:
horizon that was called the "Bellerophon limestone" by
Bakewellia n. sp.
the geologists working along the Grand and Green rivers
Pseudomonotis n. sp.
and was regarded by them as the top of the Carboniferous.
Pleurophorus
sp. .
(See list 1, above.)
Naticopsis sp.
What may be regarded as the normal Kaibab fauna,
Pseudomelania? sp.
characterized by such species as Productus ivesi, P. occi7. Seven lots (catalog Nos. 7770 to 7775, 7780) from dark
dentalis, Pustula. subhorrida, and Meekella pyramidalis, is
represented (in list 4 above). Those lots containing fetid limestone~ in thin sheets in gypsum beds; all from
Squamularia guadalupensis in abundance accompanied by Rock Canyon conglomeratic member:
Chonetes hillanus form an appreciable subgroup in this
Bakewellia n. sp. (small form).
fauna and perhaps represent a separate horizon. EssenMyophoria sp.
tially the same fauna occurs in the San Andres limestone
Goniatite or ammonite undetermined.
of the Manzano group of New Mexico. (See list 2, above.)
Sponge spicule~ (amphioxes with a few triaenes).
The coral fauna (list 3, above) is unique. It is totally
8. Single lot (catalog No. 7788) from basal conglomerate
unlike any other fauna in the collection, and I do not bed in Rock Canyon conglomeratic member:
recall ever having seen it before.
Monotis? sp.
Myalina n. sp.
The Moenkopi formation was .attributed by
Aviculipecten, 3 sp.
Acanthopecten coloradoensis.
Acanthopecten? sp.
Orthoceras sp.

·Macrocheilina~sp.
some earlier geologists to the Permian and by
9. Single lot (catalog No. 7794) from horizon 50 feet
some to the Triassic. Later, largely on the
basis of Walcott's work near Kanab~ Utah, it above base of Rock Canyon conglomeratic Jllember:
Spirorbis sp.
was universally accepted as Permian, and this
Discina sp.
assignment received some confirmation from
Terebratula sp.
a few very poorly preserved plan~s that bear
Pseudomonotis n. sp.
Pleurophorus? (Modiola ?) n. sp.
considerable resemblance to certain species of
53
Pseudomelania
n. sp.
the well-known Permian genus Walchia.
10.
Single
lot
(catalog
No. 7796) from a horizon near top
The Moenkopi formation has been regarded
of Rock Canyon conglomeratic member:
generally as equivalent to the "Permo-CarPseudomonotis sp.
boniferous" of the Wasatch Mountains. The
Myalinasp.
latter beds have lately been proved equivalent
Entolium? sp.
to beds in Idaho 54 whose age is accepted uniNaticopsis n. sp.
Bulimorpha n. sp. ·
versally as Lower Triassic. The Moenkopi
Pseudomelania?, several n. sp.
formation must therefore be considered of
Turritella, several n. sp.
Lower Triassic age. Mr. Girty's restudy of
Meekoceras aff. M. mushbachanum.
Walcott's original "Permian" fossils from the
Numerous undetermined gastropods.
Moenkopi near Kanab, Utah, and the collec11. Nine lots (catalog Nos. 7782 to 7787, 7790 to 7792)
tions made during the present work lend strong from the Virgin limestone member:
support to this correlation. The fossils colIsocrinus sp.
Spirorbis sp.
lected by us came from the Rock Canyon con~
Pugnax n. sp.
glomeratic member, at the base' of the entire
Terebratula? n. ep.
Moenkopi red-bed series, and from the Virgin
Pinna? sp.
limestone member. The following combined
Bakewellia n. sp.
lists show the species identified by Mr. Girty:
Pseudomonotis n. ep.

aa Gregory, H. E., Geology of the Navajo country: U. S. Geol. Survey
Prof. Paper 93, p. 31, 1917.
w Girty, G. H., in Butler, B. 8., and others, The ore deposits of Utah:
U.S. Geol. Survey Prof. Paper 111, p. 642, 1920.

Monotis? sp.
Myalina n. sp.
Aviculipecten, 4 sp.
Myophoria? sp.
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Pleurophorus n. sp.
Pleurotomaria, 2 sp.
Naticopsis sp.
Ammonite?

Concerning these Moenkopi fossils Mr. Girty
says:

fossils of the later system and the lower formation containing many diagnostic fossils of the earlier system.

The Shinarump conglomerate· h~s been
for many years as Triassic on the
basis of its flora and fauna and its stratigraphic
position and relations. The Chinle formation· seems to be closely related to the Shinarump by its fossils, and its assignment to the
Triassic is unquestioned.
The massive sandstone overlying the Chinle
offers an opportunity for a wide difference of
opinion. Emery 55 believed that the unit
which near the San Rafael Swell almost certainly represents this sandstone was to be
correlated entirely with the Wingate sandstone
and that the marine Jurassic above it was
Gregory's Todilto formation and a still higher
formation the equivalent of the Navajo sandstone. Lee followed this view. Dake,S6 however, believes that this sandstone is equivalent
to the whole La Plata group of Gregory and
that the marine Jurassic above it is to be correlated with some part of the McElmo formation. The problem is essentially one to be
solved by tracing in the field, though we be-··
lieve that the character of the sandstone suggests a correlation with the whole La Plata
group rather than with the Wingate alone, as
there is in our area nothing like the Navajo
sandstone above the marine beds. The marine series, however, con·tains peculiar greenishwhite beds which somewhat resemble the
greenish-white beds of the McElmo formation
farther east. As mentioned oii page 63 W alcott found in Kanab Valley in the top of the
Chinle formation or the base of this sandstone
fossils which have a Jurassic aspect.
The variegated shale would seem to belong
to the same group as the marine Jurassic limestone, in. that there are thin limestones in its
upper part, though there may be an unconformity between the two and a considerable
difference in age.
The buff sandstones yielded no fossils but
suggest in position and lithology a correlation
with the Cretaceous beds farther north and
east, on Coal Creek, ·which have a thin coalbearing unit at the base overlain by sandstones containing marine Cretaceous fossils.
Still fa:r:ther east, near Mount Carmel, appaaccep~ed

Lists 6, 8, and 11 show what I regard as the normal
Moenkopi fauna.
.
Besides these I recognize another group (list 7) which
presents a peculiar cherty lithology and a fauna composed
chifl.ey of small species of Bakewellia and Myophoria. I
do not feel·sure that this group does not represent a condition rather than a geologic horizon.
List 5 may represent a distinct faunal facies, but I am
inclined to believe that it belongs with list 7.
,
List 9 probably belongs with lists 6, 8, and 11, but it
may represent a distinct subfauna.
List 10, with its innumerable gastropods, is unique in
the collection, but the horizon is undoubtedly Moenkopi.
Regarding the Triassic age of the Moenkopi, from which I
understand there has been obtained some very ~eager plant
evidence having a Permian cast, I will say the following:
The age of these Moenkopi beds does not depend solely
upon the fossils immediately contained in them but is
bound up with the Lower Triassic fauna of Idaho. There is
scarcely room for reasonable doubt that Walcott;s "Permian" of the Kanab Canyon section, which is Moenkopi,
is the same ·as the "Permo-Carboniferous" of the Wasatch
Mountains, and that the "Permo-Carboniferous" of the
Wasatch Mountains is the same. as the well-known Lower
Triassic of Idaho. This correlation is, I believe, in a
general way beyond dispute. I am personally convinced
of it from my own studies. If the Moenkopi is Permian,
then; consequently, the Lo'Yer Triassic of Idaho is Permian. Now, I have not investigated the question myself,
but there seems to be a general agreement as to the age
of the beds in Idaho.
As regards the evidence furnished .by the -Moenkopi
beds themselves, I hav~ identified Meekoceras, one of the
distinctive ammonites of the Idaho faunas, both in the
present collections and in Mr. Walcott's, and there are a
few other characteristic Triassic types, though less important ones. I may also point out that there is an almost
complete faunal change from the· Kaibab to the Moenkopi.
Both faunas are fairly extensive, but I know of no species
that they contain in common. Furthermore, all the
characteristic Paleozoic genera of brachiopods become
extinct with the Kaibab-Productus, Chonetes, Derbya,
Jfeekella, Spirifer, Composita, and a score of others-not
to mention the numerous bryozoan types-Fenestella,
Beptopora, Rhombopora, Stenopora, and many more.
These types appear neither in the typical Moenkopi nor
elsewhere in the Lower Triassic of this region. Furthermore, the Kaibab, which is correlated with part of the
Manzano group of New Mexico (the San Andres limestone), is itself Permian, a reference suggested first by the
paleobotanic evidence· from the underlying Supai formation and then corroborated by the invertebrates from the
Kaibab itself. In brief, I think that we have here an
almost perfect example of a boundary between two geologic
65 Emery, W. B., The Green River Desert section, Utah: Am. Jour.
systems, the formations being separated by a profound Sci., 4th ser., vol: 46, pp. 564-572, 1918.
E!rosional unconformity and by an almost complete change
56 Dake, C. L., The horizon of the marine Jurassic of Utah: Jour.
of fauna, the upper formation containing many diagnostic Geology, vol. 27, pp. 634-646, 1919 [192qJ.
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rently the same interval contains, besides a basal Coconino sandstone:
Sandstone, dark buff, locally salmon-colconglomerate uni~ 15 feet thick, the cdal-b.earing
~red, massive, cross-bedded, friable, meunit,400feet thick; marine shale, 700feet; sanddium to coarse grained .................... .
stone~ and shale, 1,000 feet, overlain by a thin
Sandstone, massive, medium grained, highly
conglomerate; and 700 feet of fresh-water sandcross-bedded, friable, white, saccharoidal;
a conspicuous unit. Along the strike this
stone, apparently all Cretaceous.
and the overlying unit may vary in relaThe pink sand~tone and shale series is .betive thickness,, so that the lower is four
lieved from its position and character to be
times as thick .as the upper ........ : .... ..
equivalent to the Tertiary rocks of the Pink
Sandstone, massive bed with three distinct
layers-a white massive cross-bedded
Cliffs.
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Feet.

33

44

LOCAL SECTIONS.

sand.stone with streaks of brown, 8 feet;
hard brown sandstone, 2 feet; white argillaceous sandstone, 2 feet. Distinct from
\Upper part measured at mouth of Robesons Canyon; lower part
overlying unit in not being as white nor
measured along Hacks Canyon from Robesons Canyon to the point
as
friable.. .. . . .. . .. . . . . .. . .. . . .. . .. . . . . .
12
where it joins Kanab Canyon.]
--Thickness of Coconino sandstone ..... ·==8=9=
Kaibab limestone:
Supai formation:
Harrisburg gypsiferous member:
Feet.
Sandstone, massive, brick-red, with interConglomerate, brown, of waterworn pebbedded lenses of red shale; forms a cliff, or
bles 1 inch in diameter; may be post200
at least a steep slope ..................... .
2
Mesozoic materiaL ................... .
Sandstone, argillaceous, brick-red, and red
Limestone, yellow, arenaceous; weath'sandy shale, interbedded, in· about equal
ers "sun-cracked." Silicified fossils
amounts........ . . . . . . . . . . . . . . . . . . . . . . . . . . 350
on surface, including Leda obesa, AviSandstone, massive, brick-red, argillaceous;
culipecten? sp., Plagioglypta canna, Buweathers into rounded ledges; one concanopsis aff. B. bella.... ............. .
8
spicuous white band and several minor
4
Concealed intervaL ................... .
ones. Base of unit not seen.. . . . . . . . . . . . . 525+
Sandstone, yellow, calcareous, and areThicknes~ of part of Supai formation
naceous limestone, with red chert and
observed .......................... 1, 075
silicified fossils ...................... .
25
Concealed intervaL. .................. .
8
2. Section in Toroweap Canyon, Ariz .
.Limestone, impure, yellow. With units
[Upper part measured 5 miles aboYe mouth of Toroweap Valley; lowE>r
4
above is the '' Bellerophon limestone.''.
part at the mouth.]
18 Kaibab limestone:
Gypsum ............................... .
5
Harrisburg gypsiferous member:
Feet.
Sandstone, light gray, calcareous ...... .
Limestone, yellow, with silicified fossils at
Limestone, With fragments of white'
top of unit; concealed interval in middle;
chert that breaks into flat pieces, makat base limestone filled with white chert
ing up over half the bulk ........... .
13
that breaks into flat plates. "BelleroLimestone, with whit~ chert; fossilifphon limestone" ..................... .
65
ll
erous .............................. .
Gypsum ................................ .
38
2
Limestone, with small chert nodules ... .
Limestone, dark blue ................... .
12
Limestone, arenaceous, yellow on weathGypsum ..................._.............. .
27
ering, white on fresh surface; more
Limestone, impure .................. ·.... .
8
calcareous tow.ard the top, more sandy
Gypsum ................................. .
40
and friable toward the base; resistant
190
Thickness of Harrisburg member .. .
and ledge-forming ... : ................ .
10
Lilnestone, massive, cherty, forming a series of
Gypsum ............................... .
80
---steps ................................. - ... ·25
Thickness of Harrisburg member.
190
Limestone, gray, massive, with much darkLimestone, thin-bedded above, With much
brown chert; forms cliffs and towers ....... .
160
' white chert;· massive in middle, with
Gypsum ..................................... .
175
much dark chert, which weathers brown
Limestone, weathering white and hackly and
or black; thin bedded in lower part .... .
315
forming steps .............................. .
50
Gypsum, impure ........................... .
125
50
Limestone, gray,· forming steps ............... .
Limestone, gray, massive; upper part cherty
Lime.stone, massive, fossiliferous throughout.
and relatively thin bedded, the chert nodAt top blue, crystalline, cherty;' grades
ules white and fossiliferous; beds of main
downward into sandy limestone, locally a
part 1 to 3 feet thick; lower part grades
calcareous sandstone, fine grained; base
down into sandstone, which is gray on
argillaceous .. ~ ............................. .
100
weathered surface, white on fresh surface.
180
Limestone, rather thin bedded, with nodules
Limestone, thin bedded, not sandy ......... .
20
of dark chert, breaks with conchoidal frac25
ture .................... ----·--·············
Thickness of Kaibab limestone ...... .
830
Thickness of Kaibab limestone ........ .
775
1. Section in Hacks Canyon, Ariz.

---
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Coconino sandstone: '
\
Feet. Coconino and Supai formations (undifferei!t.iated):
Feet.
Sandstone, deep yellow to buff, somewhat
Sandstone, medium grained, gray to white on
friable but not notably cross-bedded ....... .
13
fresh surface, yellow-brown on weathered
Sandstone, much cross-bedded, yellow and
200
surface, medium bedded, cross-bedded ....
white, friable; white on fresh surface ....... .
70
Sandstone, like that above but in thinner
beds separated by softer brick-red sandSandstone, pale yellow, fine grained, argillastone. A few layers dark gray and smellceous;
weathers to rounded exfoliated
13
ing of oil when broken .................. ~
bosses ..................................... .
490
Sandstone, medium grained, cross-bedded,
96
Thickness of Coconino sandstone ...... .
gray to white on fresh surface, yellowbrown on weathered surface; relatively
Supai formation:
thin bedded and weathering back from the
Shale, gray, sandy .......................... .
14
unit beneath to form a bench ........... .
155
Sandstone, red, somewhat argillaceous but
Sandstone, like the unit next above but prac175
massive and forming a steep slope or cliff ....
tically in,one bed and forming a sheer wall.
380+
Sandstone, argillaceous, and sandy shale; both
--brick-red and interbedded in about equal
Thickness of part of sandstone exposed .... 1, 225
amounts; forms a slope .................... . 375
Sandstone, massive, red ..................... .
735 5. Section 2 miles south of Antelope Spring, on west side of

Antelope Wash, Ariz.
Thickness of Supai formation ........... 1, 299
Red wall limestone.
Moenkopi formation:
Shale, red.
3. Section on Fredonia- Mount Trumbull road half a mile
Unconformity.
northeast of Bullrush, 12! mile.'! southwest of Fredonia, Kaibab limestone:
Ariz.
Harrisburg gypsiferous member:
Feet.
Moenkopi formation:
Feet.
Limestone, sandy, yellowish, with much
Shale, white, calcareous, and impurelimesto~e
white chert; very fossiliferous; weathers
in thin plates ............... : ............ .
5
hackly, with silicified fossils showing on
18
Shale, red ................. - - ...... - - - - - - - - - .
surface. Lithology characteristic of this
10
Shale, gray ..................... -..... - . - . - .. .
part of the formation.................... 15
Gypsum, pink in large part; near middle of
Virgin limestone member:
unit 5 feet of dark thin-bedded limestone
Limestone, earthy, yellow, with_ many
with fetid odor when broken .............. 140
small cavities lined with calcite. ThickSandstone, coarse, gray, granular, calcareous;
2
ness ranges from 1 to 2 feet ............ .
contains fossil fragments ................ .
5
Shale, gray ............................. .
1
4
Gypsum, red to gray .................... .
Thickness of Harrisburg member ...... 160
3
Shale, red .............................. .
Limestone, gray, massive, with much light chert;
Limestone, thin bedded, earthy, yellpw;
whole unit weathers light colored; exposed.... 40
1
fossil fragments ....................... .
6. Section at head of Rock Canyon, 5 miles north of AnteThickness of Virgin limestone memlope Spring, Ariz.
11
ber ...................... ~ ..... .
Shale, red, exposed ......................... .
25 Top of hill south of Rock Canyon.
Moenkopi formation:
Rock Canyon conglomeratic member:
Feet.
Limestone, pale red, with some gray; weathFeet.
Kaibab limestone:
ers hackly and with ''sun-cracked" surface
Limestone, gray, cherty, massive; inaccesible
and shows flecks of calcite .............. ~. 30
for measurement. ·
Limestone, like unit above but gray. . . . . . . . 15
Gypsum, shale, and some limestone..........
225
Conglomerate of rounded and subangular
Limestone, gray and brownish on weathered
fragments of quartz and chert, white to
surface, light gray on fresh surface; cherty.
dark gray;. as large as 12 inches across,
Unit massive except for uppermost 22 feet,
though most are under 5 inches. The
which is thin bedded . . . . . . . . . . . . . . . . . . . . . . . 190
matrix is limestone. The bedding of this
Sandstone, gray, fine grained; weathers brown.
5
unit is very irregular, and locally the conGypsum ................ , .... ~ .............. · 15
glomerate is interbedded with ordinary
Limestone, thin bedded, gray................
60
limestone. Contains Myalina n. sp., Mon:.
Gypsum ... ·.................................
20
otis? sp., Macrocheilina? sp....... .. . . . . . . . 55
7
Limestone, thin bedded, dark gray ....... ~ ... .
Conglomerate of fragments of fossiliferous
45
Gypsum ................................... .
chert and limestone in a matrix of white
granular limestone. This unit is more
Thickness of part of Kaibab limestone measresistant than that below. The unit above
ured ....................... ·.--- .. -·-···
567
cuts down locally clear through this unit. 15

·j.

SeCtion in Hurricane fault scarp in Black Rock Canyon,
Ariz., 18 miles south of Hurricane, Utah.
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Moenkopi formation-Continued.
.
Feet. Kaibab llm.estone-Continued.
Feet.
Rock Canyon conglomeratic member-Contd.
Limestone, gray, cherty, massive; weathers
Limestone, coarse, very fossiliferous, filled
hacldy ...................................... 175
with large nodules of blue chert 1 inch to
Gypsum, earthy, gray, impure, with thin-bedded
1 foot in greatest dimension. The limelimestone and some gypsiferous sandstone. . . . . 108
stone weathers away, leaving the chert
Thickness of Kaibab limestone. . . . . . . . . . . 948
nodules with many fossils ............... . 15
Limestone, light gray, with crinoid fragments
Coconino sandstone (?):
and some chert nodules. Surface usually
Sandstone, deep yellow, friable ............... .
5
dark from mosses and lichens. More resistSandstone, white, rather hard; forms ledge.~ ... .
2
2
ant than units above and below .......... .
Sandstone, soft, white, and sandy shale, light
Limestone, white, knobby, chalky on fresh
gray in great part but with some yellow stain2
surface .............................. ·.... .
ing ......................................... . 10
Conglomerate of large blue limestone cobbles
Thickness of Coconino sandstone (?) .... :. 17
in a white granular matrix ............... . 2
Limestone, coarse, granular, base somewhat
Supai formation(?):
irregular; breaks into wedgy fragments .... 10
Sandstone, yellow, friable ...................... . 16
Sandstone, soft, limestone, and limestone
Sandstone, pale yellow, rather hard; massive bed
brecc~a, cherty in part and copper-stained
forming sharp ledge ........................ .
9
locally .................................. · 25
Sandstone, soft, gray, argillaceous .............. .
5
Limestone, light_ yellow, filled with white
Sandstone, red and yellow interbedded, the
8
platy chert; beds rather thin ............ .
yellow a little more resistant than the red ... . 55
Sandstone, yellowish gray, medium grained,
Sandstone, mottled yellow and red ............ . 10
in beds 1 foot thick, passing along strike
Sandstone, red, argillaceous, and red sandy shale. 30
into sandy limestone; resistant unit ..... . 6
Sandstone, massive, yellow, friable, cross-bedded,
with several thin beds of red-sandstone. Some
Thickness of Moenkopi formation exof the yellow sandstone is white on a fresh surposed ............................. 185
face and friable ............................. . 35
Unconformity.
Sandstone, massive, red, in beds 10 feet or more
Kaibab limestone:
Harrisburg gypsiferous member absent or inin thickness with thin beds (1 foot or less) of
cluded in massive unit described below
sandy shale b~tween. On strike one of these
Limestone, gray, nodular, cherty; upper part
beds grades into yellow sandstone; others are
bleached yellow along cracks.................. ·40
thin-bedded, but unit massive as a whole ..... 400
Sandstone and shale, red, micaceous, interbedded
7. Section on north side of R~ck Canyon at mouth, 15 miles
in subequal amounts .......................... 100
south of Hurricane, Utah.
Sandstone, massive, brick-red, somewhat argillaceous, with thin beds of red shale.............. 35
Moenko-pi formation:
Sandstone, white, friable ..'...................... 17
Feet·
Rock Canyon conglomeratic member:
Limestone, black, thin bedded, fossiliferous . 25
Sandstone, massive, brick-red, argillaceous, with
. I.1imestone, dense, gray...................... 70
thin beds of interbedded red sandy shale. On
Gypsum and red shale ...................... 100
strike some of these beds are yellow locally.
· Exposed ................................ , ... 148
Thickness of part of 'Moenkopi formation present ....................... 195
Thickness ?f Supai formation (?) exposed. 500
U nconformi~y.
Kaibab limestone:
Harrisburg gypsiferous member absent or included
in massive unit described below.
Limestone, massive, gray, with much brown to
black chert; contains Batostomella sp., Phylloporaf sp., Fenestella sp., Septopora n. sp., Or.,
thotetes sp., Derbya sp., Chonetes hillanus?,
Productus ivesi, Productus popei, Pustula subhorrida, Pust1tla subhorrida var., Pustula aff. P.
irginae, Pugnax osagensis · var., Spirifer sp.,
Squamularia guadalupensis, Composita subtilita,
1lfyalina aff. J;f. deltoidea, Aviculipecten sp.,
Acanthopecten coloradoensis ..................
.Gypsum, impure. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Limestone, white, thin-bedded, cherty.........
Gypsum, impure ..................... :. . . . . . . .
Limestone, upper part light colored, lower part
gray; contains relatively little chert; not very
resistant; weathers rather smooth, not hacldy..

8. Section on Hurricanefaultscarp 6miles south of Hurricane,
Utah.
(See PI. IX, A, B.]

Basalt.
Moenkopi formation:
Shale, red sandy, present ........ ~ ......... .
Unconformity.
Kaibab limestone:
Harrisburg gypsiferous member:
Limestone, gray, thin bedded, some of it
containing angular fragments of chert;
and shale, gray or yellow. Unit unresistant to weather. May possibly be
400
basal Moenkopi. ...... : ............. .
55
Limestone, brownish to yellow, with some
20
dark-gray layers; some layers brecciated.
150
Thickness of Harrisburg member. . . . .
Limestone, massive, gray, with much brown
40
chert; fossils abundant in chert ............

Feet.

100±

45
115

160
260
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Kaibab limestone-Continued.
Shale, soft sandstone, and gypsum, the whole
forming a gray slope. . . . . . . . . . . . . . . . . . . . . . .
Limestone, gray, massive, with much brown
chert; light colored on fresh surface; co~tains
softer shaly layers near middle of unit.......
Limestone, sandy, cream-colored, cross-bedded,
platy. Some limonitic staining shows......
Limestone, thin bedded, dark drab, with oily
odor; contains some soft sandy layers and
some white chert in nodules................
Gypsum, white, pure. . . . . . . . . . . . . . . . . . • . . . .
Gypsum, gray; has some odor of oil...........
Gypsum, white, massive, with some thin gray
sandstone layers ............. ~... . . . . . . . . .

Feet.

10. Section in Virgin River canyon 3 miles west of Virgin

City, Utah.
Moenkopi formation_:
Red beds and gypsum.
Feet.
Sandstone, grayish brown, hard, very platy ... .
3
Shale and sandy shale, yellow ................ .
5
230
Sandstone, brown, hard, platy ............... .
5
Shale, sandy, soft, yellow .................... .
20
25
Rock Canyon conglomeratic member:
Limestone, dark gray, hackly; reddish locally and rough from weathering out of
10
sandy fragments ..................... .
8
20
Limestone, pink and gray, s1.m-cracked;
10
weathered· surface shows flecks of white
calcite. On strike this unit becomes a
15
breccia in lower part ................... .
28
Thickness of Kaiba.b ~imestone... . . . . . . . 930
Limestone, massive, yellow, with fossils
showing on weathered surface. Beds 1
Coconino sandstone (?):
to 2 feet thick. This unit and unit below
Sandstone, creamy yellow. . . . . . . . . . . . . . . . . . . 20
thin out on strike and breccias above and
Sandstone, white. . . . . . . . . . . . . . . . . . . . . . . . . . . . 45
below unite .......................... .
10
Hupai formation (?):
Concealed interval chiefly, but with some
Sandstone, IT;ledium grained, cross-bedded, ripgray limestone ..................... .
18
ple marked, yellow-brown to light gray, exBreccia of chert and limestone in a limeposed ................................•..·.. 200±
stone matrix; many fragments large (6
9. Section near sulphur spring at mouth of Virgin Canyon,
inches or more across), many angular.
half a rq,ile south of La Verkin, Utah.
Variable unifL .....•...................
10
Interval largely concealed but with some
Moenkopi formation:
sandy yellow limestone and shale and
Feet.
Rock Canyon conglomeratic member:
some gray limestone showing ........... .
18
Limestone, dark colored, platy, with an
Limestone, massive, bluish, with light-colored
abundance of Bakewellia n. sp. (small
chert .................................... .
45
1
form) ..................................
Concealed j nterval of soft beds forming slope .. .
35
Concealed interval covered with loose
fragments of various sorts of limestone ...
35
Thickness of part of Moenkopi formation
Thickness of part of Moenkopi formation measured ................ .
Unconformity.
Kaibab limestone:
Harrisburg gypsiferous member:
Limestone, variable; some of it with much
light-colored platy chert, dark gray and
hackly on weathered surfaces, yellow and
light gray on fresh surfaces; some layers
sandy and others much like the lower
parts of the Kaibab formation with dark
chert nodules. Some layers fossiliferous,
containing Chonetes hillanus, Squamularia
guadalupensis, Composita sp ........... .
Limestone, sandy limestone, calcareous
sandstone, white, yellow, and gray friable
sandstone, and some gypsum ........... .
Thickness of Harrisburg member .. .
Limestone, gray, cherty, resistant, massive; has
a cap layer filled with light-colored .Platy
chert ..................................... .
Limestone, gray, ~herty, less resistant than unit
above and broken into a series of terraces.
Some breccia and some gypsum present ... .
Gypsum, white ............................ .
Limestone, gray, cherty; very resistant, massive; exposed ..... ~ ....................... .
Thickness of Kaibab limestone exposed ..

200

36

observed ...................•........
172
Unconformity.
Kaibab limestone:
Harrisburg gypsiferous member absent?
Limestone, bluish, with much black and darkgray chert.
A short ·distance from the point of measurement of this
section 3 feet of soft sandstone rests upon the cliff-forming
limestone, and above this is a massive breccia, whose matrix is locally brick-red and which makes up almost all of
the Rock Canyon conglomeratic member.

2! miles west of Virgin City,
Utah, below the mouth of Oil Seep Wash.

11. Section in Virgin Canyon

75 Moenkopi formation:
Rock Canyon conglomeratic member:
Feet.
Limestone, brown, full of large sand grains
75
that weather out on surface...............
1
Concealed intervaL ....................... .
5
150
Limestone, gray; weathers hackly ......... .
3
·Concealed intervaL ....................... . ·8
Limestone, sandy, gray; weathers hackly .. :
4
.280
Concealed interval......................... 17
Shale, yellow, sandy........................
4
Concealed intervaL ....................... : 12
50
Limestone conglomerate, gray, fine grained;
50
weathers hackly .... ___ . . . . . . • . . . . . . . . . . . . 15
Limestone,
gray, with reddish patches. . . . . . 10
200
Limestone, red, interbedded with red shale
766
and a reddish mottled limestone.......... 60
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Feet.
Fe. t. Moenkopi formation:
Moenkopi formation-Continued.
Sandstone, soft, and shale, hrick-red to very
Rock Canyon conglomeratic member-Contd.
deep red, with gypsum and a little lighterLimestone breccia, gray. . . .. . . .. . . . . . . . . . . 10
colored shale; weathers to a fairly even
Sandstone, yellow and gray, with sandy shale
slope ..................................... .
405
and shale ...........................·. . . . 15
Shnabkaib shale member: Shale, sandy, and
5
Limestone conglomerate, grayish brown .....
sandstone, soft, fine-grained, creamy white,
Thickness of part of Moenkopi formawith some pinkish layers and gypsum;
tion measured................. . . . . . 169
weathers to a fairly eve_n slope ............. .
360
Unconformity.
Sandstone and shale, brick-red, and light
Kaibab limestone:
bh.tish-gray gypsum, lighter colored than the
Harrisburg gypsiferous member absent?
400
upper red beds .......................... .
Limestone, gray, cherty.
Virgin limestone member:
Limestone, yellow, earthy, fossiliferous;
12. Section in. Virgin Canyon 2 miles west of Virgin City,
contains Myalina n. sp., Pseudomonotis
Utah, at mouth of Oil Seep Wash.
5
n. sp., Bakewellia n. sp ............... .
Moenkopi formation:
25
Shale, yellow and red ... ~ ................ .
Rock Canyon conglomeratic member:
Feet.
Limestone, yellow, earthy, fossiliferous;
Limestone, gray, nodular; undeterminable
contains Myalina n. sp., Pseudomonotis
1
fossils . . . . . . . . . . ............ • ~ • • • • • • • • • '1
n. sp .................................. .
5
Concealed interval.. . . . . . . . . . . . . . . . . . . . . . . 5
25
Shale, yellow, calcareous ................. .
Limestone conglomerate, hackly and very
Limestone, fairly massive, yellow, earthy;
rough on weathered surface. . . . . . . . . . . . . . 18
contains Isocrinus sp., Spirorbis sp.-,
Limestone, gray, sun cracked and flecked
Terebratula? n. sp., Pinna? sp., Bakewith calcite.............................. 9
wellia n. sp., Pseudomonotis n. sp.,
Limestone, red . . .. .. . .. . .. .. . . .. . . . . .. . . 20
Myalina n. sp., Aviculipecten, 4 sp.,
Limestone conglomerate and breccia with
Myophoria?, sp., Pleurophorus? sp., Pleufragments as much as 2 feet in diameter;
. rotomaria?, 2 sp., Naticopsis sp., ammomatrix yellow limestone ... ~ . . . . . . . . . . . . 15+
nite? undet........... . . . . . . . . . . . . . . . . .
20
Thickness of Virgin limestone-13. Section in Smith's Mesa, 3 miles north of Vrrgi·a City,
member........................
80
Utah.
Sandstone and shale, brick-red, with gypsum..
360
Jurassic sandstone.
Rock Canyon conglomeratic member: Irregular
• Chinle formation:
Feet.
basal unitof limestone, conglomerate, etc....
170
Shale and sandstone, brick-red; estimated (not
Thickness of Moenkopi formation. . . . . . . 1, 775
present in Smith's Mesa, but seen at a point
Kaibab limestone (see sections in Virgin River
near by) .................................. . . ,200
canyon).
Sandstone, mauve, cross-bedded, ripple
marked, res1stant .......................... .
90 H:. SectiOn at the Harrisburg dome, 8 miles east of north of
Shale and sandstone, brick-red .............. .
420
St. George, Utah.
Feet.
Sandstone, coarse, arkosic, cross-bedded, grayShinarump conglomerate ........................ .
100±
white and mauve; suggests volcanic ash;
contains fossil wood. Locally ,known as the
Moenkopi formation:
"Silver Reef sandstone" ............. _. ..... .
Sl:tale and sandstone, brick-red, upper part
25
320
very dark colored ....................... .
Shale "gumbo," variegated, bluish gray,
Sandstone, yellow, medium grained, massive
greenish, mauve, red, and some yellowin upper part ........................... .
75
brown; contvins fossil wood ......... : ..... .
260
Shale, red, with s01ne sandstone and gypsum. . 80
Thickness of Chinle formation ......... .
995
Shnabkaib shale member: Shale, sandy,
white to light gray, with gypsum and some
Shinarump conglomerate (Pl. XIII, A):
630
pink shale., ............................ .
Sandstone, gray, platy, with a few pebbles ... .
20
435
Shale, red, sandy, with gypsum ........... .
Shale, gray to green, with some fossil wood ... .
20
Virgin limestone member: Limestone, earthy,
Sandstone, coarse, gray-white on fresh smface,
greenish yellow, in three thin bands sepalimonitic brown on weathered surface;
rated by greenish-yellow and reddishlocally filled with black blebs of wad or some
brown shale. Lower band contains Isocrisimilar substance. Contains lenses of pebnus
sp., Pugnax n. sp., Aviculipecten sp..
160
bles of chert, variously colored, quartz,
Shale, red, some of it sandy; withgypsun and
silicified wood, and minor igneous rock.
a little bluish gypsiferous shale...........
275
Base is irregular and apparently unconform, Shale, yellow, gypsiferous, containing locally
able. Unit contains abundance of fossil logs,
thin black limestone layers with Bakewellia
mostly silicified, though in part replaced by
60
n. sp. (small form) .. .- ................... .
copper minerals .......................... .
75
Rock Canyon conglomeratic member apparently absent.
Thickness of Shinarump conglomerate .. .
115
Thickness of Moenkopi formation.: ... 2, 035
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Unconformity.
Kaibab limestone:
Harrisburg gypsiferous member: Limestone,
varying in character in. different layers,
some of the upper ones· pinkish and sun
cracked, others showing a coarse matrix
with much angular chert. Still other layers have much whitish chert with platy
fracture, and some in the lower part of the
unit resemble the older part of the Kaibab
with dark chert. Variation in character
laterally is very great. Three collections
at about the same horizon at different places
near the top of the limeston,e show the following fossils: (1) Productus ivesi, Pustula
subhQrrida; (2) Lithostrotion? n. sp., Favosites? n. sp., Campophyllum? n. sp.; (3) Dielasma sp., _Nucula levatiformis, Leda obesa,
Pteria (Bakewellia?) sp., Pseudomonotis? sp.,
S chizodus wheeleri?, P leurophorus me:cicanus,
Plagioglypta canna, Bucanopsis aff. B. bella,
Euphemus sp., Goniospira sp., Pleurotomaria sp., Naticopsis?, Platyceras sp ...... - .. .
Shale, yellow, gypsiferous ................. .

Feet.

16. Section at the Bloomington dome, 5 miles south of St.

250
30+

===
[Section continued by the log of the well of the Virgin Dome Oil

Kaibab limestone:
Limestone of varying hardness and color and
some gypsum, composing the Harrisburg
gypsiferous member, 258 feet. As well
mouth is 12 feet beneath top of Harrisburg
member the thickness is close to that found
on surface ... _........ _............. - - - - - .
Limestone, light colored, containing much
chert. ________ ..... _............ - - - - - - - Limestone, salmon-colored, soft ... ---------Limestone, etc. (details not known). . . . ... . . .

C~.]

[270]
27 5
38
466

Thickness of Kaibab limestone .. -.... -. 1, 049
Coconino sandstone and Supai formation:
Sandstone to bottom of well .. - ... - .... - .. -- 1, 150
15. Section in the Washington dome, 6 miles east of St.

George, Utah.
Moenkopi formation:
Virgin limestone member- - ---- - - - - - - - :. - - - - - .
Lower red-beds member ... ---·---------------Rock Canyon conglomeratic member:
Limestone, dark gray, thin bedded, with
some light-colored limestone; contains
Bakewellia n. sp. (small form) and Myophoria sp ..... - - . - - - . - - - - .- - : - - - - - · - - - . ShaJe, dark red, with gypsum stringers.--Concealed interval, possibly red shale.--.Coarse conglomerate of limestone and chert
in a limestone matrix, the whole pinkish.
Shale, red and yellow, some of it sandy ...
LimeStone, coarse, pinkish, with chert
fragments.-.---- .. -- .... -----------···
Concealed, probably shale- . - .......... ~ ..·
Limestone, pinkish, containing large
boulders of limestone and chert ......... .
Limestone, gray, rough, silicified, with
some chert nodules ...............•.. --

Moenkopi formation-Continued.
Rock Canyon conglomeratic member-Contd.
Feet.
Coarse conglomerate of limestone in a lime
matrix .grading upward into a gypsum
matrix ...... _......................... 53
Gypsum, pure, massive ................... JO
Limestone, porous, gray, somewhat silic2
ified .......... _.. _....... _. . . . . . . . . . . . .
Gypsum with much fine-grained platy
drab to dark-gray limestone; some
breccia ................................ 83
Unconformity.
Kaibab limestone:
Harrisburg gypsiferous member absent locally,
but present here and there and containing
Schizodus sp., Plagioglypta canna?, Bellerophon majusculus?, "Goniospira sp., Euomphalus sp., Nautilus sp.
Massive cherty gray limestone.

Feet.

160±
320±

10
33
57
ll

5
4

8
20
12

George, Utah.
Moenkopi formation:
Feet.
Virgin limestone member ................ ~ .... 130±
Lower red-beds member: Shale, red, some of it
sandy, and gypsum. Near base contains
gypsum with thin limestones and Bakewellia
n. sp. (small form) ......................... 320±
Unconformity.
Kaibab limestone:
Harrisburg gypsiferous member:
Limestone: gray, filled with angular pieces
of chert that break into plates. This
unit is crumbly, and weathered edges
of blocks are rounded .. -----.-.-- ___ ... - 12
Li.niestone, like unit above, but in a single
bed, harder and weathering into angular
blocks with included chert projecting
as brown excrescences on surface_ . ____ . .
2
Breccia of quartz fragments loosely cemented by limestone; friable and nonresistant. . -..... - -_- .· - -. . . . . . . . . . . . . . . . . . .
1
3
Limestone, gray, coarse, granular .......... .-.
6
Limestone, gray, very soft, nomesistant...
Gypsum................................
4
Limestone, white, granular; weathers to
powder. Contains partly silicified fossils, including Polypora sp., Chonetes
hillanus?, Squamularia guadalupensis,
Com posita n. sp .. _... _. . . . . . . . . . . . . . . . .
5'
Limestone, dark gray, coarse grained, fria5
ble, nomesistant; fossiliferous . . . . . . . . .
Limestone, gray, t¥-n bedded, with nodules of chert..........................
4
Gypsum, pinkish, with a 5-foot bed of dark
limestone 10 feet above base...........
215
Limestone, gray, filled with fragm91lts of
chert that breaks into plates.............
5
5
Concealed interval ............· . . . . . . . . . . .
Limestone, soft, gra.y, with well-preserved
5
silicified fossils.......... . . . . . . . . . . . . . . .
Thickness of Harrisburg member. . . 272
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Kaibab limestone-Continued.
Feet. Moenkopi formation-Continued.
Feet.
Shale, red, with prominent beds of bluish
Limestone, gray, massive, resistant, with much
22
gypsum .....•••..•..•.....................
dark chert; contains Batostomella sp., FeneShale, red ................................... .
8
stella sp., Polypora sp., Septopora sp., Pro10
Shale, red, with much gypsum ................ .
ductus ivesi, P'ltstula subhorrida, Pmtula aff.
Gypsum, reddish ........................... .
17
P. irginae, Pseudomonotis? sp., Av:iculipecten,
Gypsum, impure, yellowish brown .......... .
10
3 sp., Acanthopecten coloradoensis, Acanthopecten? sp .................................. . 100±
Thickness of part of Moenkopi formation
measured .... ·........................ .
280
17. Section just off the St. George- Wolf Hole road about 7
miles north of Wolf Hole, Ariz.
Unconformity.
Top of hill.
Kaibab limestone:
Kaibab limestone:
Harrisburg gypsiferous member:
Harrisburg gypsiferous member (some of this
Limestone, gray, filled with nodules of
unit may ·be basal part of Moenkopi formawhite chert that breaks with a cplaty
tion):
Feet.
fracture .............................. .
25
15
Gypsum, red, in thin layers ............. .
10
Concealed interval, less resistant beds ... .
Gypsum, white .......................... .
18
Limestone, granular; weathers white with
Gypsum, red, with a little red shale ..... .
5
a very hackly surface; contains Chonetes
10
Gypsum, white to pink ...............•....
hillanus,
Squamularia guadalupensis . ...
7
2
Limestone, white, with little or no chert ..
Limestone, soft; weathers yellowish and
Sandstone, brown to yellow, soft, and gypcontains many nodules of light-colored
7
sum ................................... .
chert which does not break into plates ..
8
Limestone, yellowish, filled with white
Gypsum,
in
part
pinkish
.................
.
43
15'
platy chert ............................ .
Limestone, dark; weathers rough and has
Gypsum ................................. .
15
fetid odor when broken ........-....... .
-4
Limestone, white, earthy to sandy; white
Concealed interval, probably gypsum .....·
8
on a fresh surface, yellow to white on
Limestone, gray, with much platy chert .. .
4
weathered surface; chert nodules abun1
Concealed interval. ..................... .
dant in lower part ..................... .
17
Gypsum, white to pink, with a little limeThickness of Harrisburg member ...
110
stone ............................·...... .
148
Limestone, gray, with much dark-colored chert
Limestone thickly set with white platy
that shows as black or brown excrescences on
chert; has a peculiar brown fibrous sur\\T~athered surfaces ........................ .
250
face .................................. .
3
Concealed interval. ..................... .
4 19. Section in narrows of Virgin River below Bloomington,
Utah.
Thickness of Harrisburg member ...
259
Kaibab limestone:
Limestone, gray, with many nodules of dark
Harrisburg gypsiferous member:
Feet.
chert that are brown or black on a weathered
Limestone, hackly, very light gray to
surface....................................
315
almost white, with small dark-colored
Limestone, sandy; weathers white and contains
chert nodules showing on weathered
little chert; not very resistant to weather...
15
7
s:urfaces ............................ .
Gypsum, with some shale and limestone.......
270
Limestone, white on both fresh and
Limestone, cherty, gray; exposed;............
150
weathered surfaces .................. .
5
'fhickness of part of Kaibab limestone-Concealed interval. ................... .
3
exposed ............................. 1, 009
Limestone, yellowish, filled with white
18. Section near Black Rock Spring, Ariz., 25 miles so·uth of
St. George, Utah.
Moenkopi formation:
Middle red beds.
Virgin limestone member:
Feet.
9
Limestone, earthy, yellow ••••.•..........
Shale, red ............................ •.. .
36
5
Limestone, earthy yellow .....•..........
26
Shale, red .............................. .
Limestone, earthy yellow, containing
Isocrimts sp., Myalina sp., Bakewellia
n. sp., Monotis? sp.,...................
24
Thickness of Virgin limestone mem--ber.............................
100
Shale. red ... ~...............................
113

or light-gray chert which breaks into
plates; a very characteristic rock. . . . .
Concealed interval..... . . . . . . . . . . . . . . . . '
Limestone, light blue-gray, with some
chert nodules that stand out upon
weathered
. surfaces;
fossiliferous;
upper part particularly "flinty" ..... .
Concealed ini{lrval. ................... .
Limestone, porous, white, gypsiferous .. .
Shale, red ............ ~: .............. .
Conglomerate and breccia of limestone
with n3d earthy gypsiferous matrix ... .
Shale, red and yellow, soft, sandy ...... .
. Limestone and shale, earthy, gray, gyp. siferous ............................. .
Shale, red and yellow, soft, sandy ...... .

15
10

15

12

1!
10

14
7
4

8
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Kaibab limestone-Continued.
Harrisburg gypsiferous member-Continued.
Limestone breccia, hackly on weathered
surface, pinkish locally but light bluegray in general tone; sun-cracked on
weathered surfaces; a very characteristic rock .......................... .
Lime shale, gray to yellow, sandy , with a
little white chert in bandso ........... .
Limestone, soft, porous, pink, yellow, and
gray in color; weathers to a hackly or
cavernous surface ................... .
Limestone breccia, dark blue-gray, with
hackly surface, more resistant than
unit above ......................... .
Limestone breccia, relatively soft;
matrix a yellow limestone. Fragments in breccia as large as 4 inches in
diameter ........................... .

Feet.

Thickness of Harrisburg member ..

137

7
4

7

5

Supai formation ( ?) : Sandstone, medium grained,
Feet.
"cross-bedded, very massive; lo"wer part yellow
and brown, with a little irreguiar red staining;
middle p~rt similar but with much red staining
and a few thin soft red sandstones; upper part in
some place·s a uniform red but usually a clean
yellow-bro.wn. The unit is so uniform that it
can not be subdivided. No fossils observed. 1, 490
Redwall limestone: Limestone, siliceous, and
sandstone, mostly heavy bedded, light gray on
fresh surface, 1·ed-brown to dark gray on
weathert3d surface. About 200 feet below the
top of the exposure a marked dark-gray layer
20 feet _thick looks as if it might be stained by
hydrocarbons but shows none on a test. Fragments of fossils observed. . . . . . . . . . . . . . . . . . . . .
500+
20. Section in Beaver Dam Mountains near Arrowhead Trail

2

[Remainder of section measured farther down canyon.)

Limestone, thin bedded, ash-gray, with some
layer!:! of chert breccia and calcareous shale.
Possibly duplicates part of the beds described above ............................ .
Limestone, massive, uniform, fine grained,
gray on fresh surface and brownish on
weathered surface; filled with layers and
nodules of brown chert; fossiliferous
throughout ............................. .
Breccia of limestone and chert in a limy
matrix; whole mass weathers to a yellowbrown color ............................. .
Gypsum and red shale ..................... .
Breccia of limestone and white chert in limy
matrix ................................. .
Shale, soft, gray, and gypsum ........... ~ ...•
Limestone, very massive, gray to light gray
on weathered surface, cherty, fossiliferous.
Sandstone, soft, yellow, gypsiferous ........ .
Limestone, gray to brown, very cherty, thin
bedded .•••••............................
Limestone, arenaceous, light gray to white,
cherty .•................... ~ ........... .

110
50

Thickness of Kaibab limestone ...... .

957

70

275

20
10
220
8

32
25

---

===

Coconino sandstone (?):
Sandstone, coarse grained, cross-bedded,
brown on weathered surface, buff on fresh
surface ·................................ .
Sandstone, white on fresh surface, dark gray
or blackish on weathered sUrface, crossbedded; variable along strike ............ .
Sandstone, white to cream-colored, earthy,
fine grained; locally upper part of unit
whiter than lower part...................

25

Thickness of Coconino sandstone (?)..

45

15

5

----

from Salt Lake City to Los Angeles, about 20 miles
northwest of St. George, Uta~.
Moenkopi formation. ·
Unconformity.
Kaibab limestone:
Harrisburg gypsiferous member (some of this
unit may be basal part of Moenkopi formation):
Limestone, very light gray, almost. white..
Limestone, hackly, darker than overlying
layer ................ ·................
Limestone, dark gray, with a few fossils...
Concealed interval; fragments of gray limestone on surface ...................... .
Concealed interval; fragments of platy
quartz and chert on surface. . . . . . . . . . . .
Limestone, filled with platy chert of very
light co for. . . . . . . . . . . . . . . . . . . . • . . . . . .
Limestone, pink and gray, with hackly surface, fossiliferous. . . . . . . . . . . . . . . . . . . . .
Limestone, yellowish, thin bedded......
Limestone, gray to pinkish, with hackly
surface, fossiliferous. . . . . . . . . . . . . . . . . .
Concealed interval.....................
Limestone and platy white chert, in equal
amounts. Weathered surface has a peculiar brown, fibrous appearance.. . . . . . . . .
Concealed interval. ................'. . . .
Limestone, gray, with hackly surface.... . .
Concealed interval. . . . . . . . . . . . . . . . . . . . .
Thickness of Harrisburg member. . .
Limestone, gray, cherty, massive. . . . . . . . . . . .
Interval mostly concealed but with some fossiliferous limestone showing; probably much
of it gypsum ..............................
Limestone, massive, gray, cherty ..............
Limestone, yellowish to white, very sandy;
some nodules of calcite present. Lower
part especially friable where exposed to
weather ..................................
Concealed.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Feet

4
4
6

15
17

11
10
8
12

16
39

5
28
184
195

260
170

40
75

Thickness of Kaibab limestone. . . . . . . . . 924
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Ooconino and Supai formations: Sandstone, very Feet.
massive but not hard, medium grained,
predominantly pale yellow but locally
pinkish. Through much of i{ there are
specks of iron oxide that stand out over
the weathered surface in brown pimples.
The upper part of the sandstone is a lighter
yellow and has very little pink coloring;
the lower part is darker, has more pink
ooloring,· and is thinner bedded. . . . . . . . 1, 420
Redwell ·limestone: Limestone, gray, earthy,
porous; reddish or brownish on weathering.
Only fossils collected are Chaetetes milleporaceus, at about 1,000 feet beneath top.· of
formation, and Marginijera aff. M. splendens,
at 650 to 700 feet beneath top of formation. 1, 5oo+

Cretaceous(?) shale-Continued.
Shale, greenish gray, sandy and platy sandstone ........ : ........................... .
Thickness of Cretaceous(?) shale ....· ..

Feet.

45
140

===

Jurassic limestone and shale:
Limestone, platy, brownish gray, crystalline;
oolitic in part; Pentacrinus and Ostrea scattered over surface ........ , ............... .
2
Shale and platy limestone, light gray with
greenish cast; someofitoolitic, some sandy.
The limestone is dense and hard. Trigonia
and other pelecypods present sparingly ... .
145
Limestone, brownish, dense, platy ......... .
5
Limestone, laminated, dense, light gray; fossils very scarce ........................... .
20
Limestone, soft, earthy, cream-colored; might
21. Section on north side of Diamond Valley, 1.5 miles north
perhaps be called a calcareous shale ....... .
35
of St. George, Utah.
Limestone, dense, cream-colored;
breaks
with conchoidal fracture and is very fine
Tertiary or Quaternary: Basalt flow.
Feet.
15
grained .................. - . - - - .. - . - · - - . · ·
Tertiary (?) sandstone: Sandstone in massive
Limestone', soft, earthy, cream-colored ...... .
10
beds, medium grained, yellow with some
Limestone, dense, hard, cream-colored; with
red staining, separated by soft sandstone,
conchoida.l fracture ...................... .
10
much of it red, and red shale. As a mass
Limestone, hard and soft,. alternating in thin
viewed from a distance this series is pink
beds ......................... ~ ........... .
15
and contrasts with the yellow sandstone
Gypsum, with some bluish-gray shale ...... .
20
below. No fossifs seen. Thickness of
Shale, cream-colored, calcareous ............ .
15
part visible (estimated) ................... 1, 500
Limestone, dense, hard, cream-colored; a few
poorly preserved pelecypods observed .... .
5
[The exposure of the pinkish sandstone unit deShale, greenish gray ..................... : . . .
15
scribed above lies 3 miles south of the exShale, brick-red .......................... .
5
posures described below, but viewed from a ,
Gypsum ........ : ................... ·........ .
10
distance and considering isolated exposures beShale, brick-red; exposed .................. .
50
tween it seems to succeed the lower beds with
Interval, mostly concealed, probably red
very little interval or overlapping.]
shale and sandstone ..................... .
100±
Cretaceous(?). sandstone:
Sandstone, .heavy bedded, medium grained,
Thickness of Jurassic limestone and
buff ...... :.............................
300±
shale ........ .-............... : . .. .
477±
Sandstone, red and purplish, with some shaly
Jurassic sandstone: Sandstone, white, coarse
layers................ ~ . . . . . . . . . . . . . . . . . .
55
grained, with marked eolian cross-bedding.
Sandstone, buff a-q.d white, heavy bedded. . .
115
Thickness not determined.
Sandstone, buff to white, medium grained; in
22. Section through basal beds of Moenkopi formation at
heavy beds with soft sandstone and shale
head of Virgin Narrows, 8 miles southwes.t oj Bloombetween. Lowest bed has dark limonitic
ington, Utah.
joint surfaces. . . . . . . . . . . . . . . • . . . . . . . . . . . .
290
Shale, gray, clayey, and gray carbonaceous
Moenkopi formation:
Feet.
sandstone that contains plant fragments...
30
Rock Canyon conglomeratic member:
Quartzite, dense, reddish and gray, fine
Conglomerate of pebbles and angular
grained ...................... ·............
3
fragments of limestone and chert as
Sandstone, light gray to brown, dense, with
much as 1 inch in diameter...........
2
intercalated gray and purple shale. · Some
8
Concealed intervaL .................. , .
of the sandstone has carbonaceous matter,
Conglomeratic sandstone, grayish brown.
3
and much of it is soft, though hard layers
Conglomerate of chert pebbles with some
stand out here and there.................
90
limestone pebbles; limestone cement.
Pebbles as much .as 5 inches in
Thickness of Cretaceous(?) sandstone. . 883±
diameter. ,Individual beds 5 feet
thick ...·..................... ~........
60
Cretaceous(?) sha.Ie:
Kaibab limestone:
Shale, steel-gray "gumbo" .. :........ . . . . . . .
40
Harrisburg gypsiferous member absent.
Shale, brick-red, with some thin layers of
white limestone ........... '................
55
Limestone, hard, cherty, gray.
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THE BYRAM CALCAREOUS MARL OF MISSISSIPPI.
By C. WYTHE CooKE.
HISTORICAL INTRODUCTION.

''Lower Vicksburgian.'' The middle and lower
divisions
of Meyer constitute but one horizon,
The beautiful and well-preserved shells conin
the
opinion
of Casey/ who says:
tained in the lower Oligocene deposits at VicksAt Vicksburg there are two distinct horizons. * * *
burg, Miss., early attracted the attention of
collectors. Lesueur appears to have been the The lower Vicksburgian consists of alternate thin strata
of gray sands, sandy clays, and variably but usually loosely
·first to depict them, and the set of five plates compacted white or gray limestone. The upper consists
engraved by him in 1829 shows a number of of a much thinner bed of more or less red-brown marl,
the species at Vicksburg.. However,
his often indurated into nodular masses or subindurated, and
plate.s were not accompanied by names or de- without trace of limestone, having rarely, however, thin
scriptions, all the Vicksburg species date from layers of glauconitic sands and comminuted shells, in
later authors. His name, althoqgh n~t at- which entire specimens when found are generally much
distorted by pressure. The faunas of these two beds
tached to any of the species as author, is per- differ very markedly.
petuated by Scapharca lesueuri Dall, one of
In 1918 I proposed names for the several
the most common and most characteristic molfoq:nations of the Vicksburg group 5 and drew
lusks of the Byram marl. Conrad, the Nestor
up the correlation table shown on page 80.
of American Tertiary paleontologists, in 1848 1
described and figured a large number of fossil The· detailed evidence upon which this correlamollusks from Vicksburg. Since that time many tion is based is still awaiting publication.
.The present paper is designed to describe
collectors have visited Vicksburg, and specibriefly
the youngest formation of the Vicksmens from the marls are contained in many
burg
group,
the Byram marl, to give an account
cabinets, but no one has attempted a systematic
of
its
more
notable exposu'res in Mississip.pi,
study of the fossils.
.
Nearly evffi".y student of the Vicksburg beds and to enumerate some of the fossil species'
has recognized a twofold ·or a threefold division that have been found in it. The formation
of the groqp. Conrad collected chiefly from is more fully described in a manuscript by me
the topmost marls, but that he was aware of awaiting publication by the Mississippi State .
the presence of a lower shell oed and that five Geological Survey. I hope before long to
of his species came from it is plainly stated on undertake the systematic description of the
pages 207-208 of the volume cited. Hilgard, in mollusks of the Vicksburg group.·
G~NERAL FEATURES.
his monumental work on the geology-of Missis2
sippi, published a characteristic section .of the
The topmost formation of the Vicksburg
bluff at Vicksburg but did not propose names group, the Byram calcareous marl, is named
for the various beds. Otto Meyer 3 in 1885 from the village of Byram, on Pearl River,
distinguished three members of the Vicksburg, Miss., about 9 miles below Jackson. The
for which he proposed the names "Higher Byram beds were supposed by Casey 6 to conVicksburgian," "Middle Vicksburgian," and stitute a "substage" intermediate in age be1 Conrad, T. A., Observations on the ~ocene formation and descriptween the Red .Bluff clay and the Mint Spring
tions of 105 new fossils of that period from the vicinity of Vicksburg,
marl,
but more detailed study of the mollusks
Miss.: Acad. Nat. Sci. Philadelphia Jour., 2d ser., vol. 1, pp. 111-134,

as

1848; Descriptions of new fossil and recent shells of the United States:
Idem, pp. 207-209, 1849.
1 Hilgard, E. W., Report on the geology and agriculture of the State
of Mississippi, p. 141, 1860.
a Meyer, Otto, The genealogy and the age of the species in the southern
Old Tertiary, pt. 2: Am. Jour. Sci., 2d ser., vol. 30, p. 71, 1885.

4 Casey, T. L., On the probable age of the Alabama white limestone:
Acad. Nat. Sci. Philadelphia Proc., vol. 53, p. 515, 1901.
5 Cooke, C. W., Correlation of the deposits of Jackson and Vicksburg
ages in Mississippi and Alabama: Washington Acad. Sci. Jour., vol. 8,
p. 187, 1918.
6 Op. cit., pp. 517-518.
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. and corals shows that the marl at Byram is of
the same age as the upper shell bed at Vicksburg, and this correlation is entirely corroora ted by the evidence of the Bryozoa and the
Foraminifera.
The Byram marl lies conformably upon the
Glendon limestone member of the Marianna
limestone. The relations of the Byram marl
to the overlying Catahoula are conjectural.
At Vicksburg the transition from one formation
'to the other is so gradual that deposition appears to have been continuous from the Vicksburg into the Catahoula, but at Waynesboro
· the change in lithology is so abrupt as to suggest the probability of an interruption in
deposition. However, no unequivocal evi-

At Vicksburg, where the entire thickness of
the Byram marl is exposed, the formation is
on1y 42! feet thick. On Chickasawhay River,
in e-astern Mississippi, incomplete· exposures
indicate~ thickness of at least 70 feet. Because
of the softness of the Byram marl, exposures
are few and usually incomplete, and in many
places the whole formation is covered. The
outcrop of the Byram marl extends entirely
across the State of Mississippi. Exposures are
known on Mississippi, Pearl, Leaf, and Chickasawhay rivers and at a few intermediate
places, and strata of the same age have been
found at several places in Alabama.
No marked physiographic features are due
to the Byram marl. The soft, easily eroded

Correlation of the Jackson and Vicksburg deposits in Mississippi and Alabama.

Mississippi

Age

Alabama
Byram calcareous marl

A
0)

~

(J)
C)

0

.~

0

;:::l
0

5b
,_.

~

;:::l
,..0
Ill

,ltl

.....

C)

Glendon limestone member

eij(J)

~ ~

§~(J)

.....

~

s

~~

------ ------------------- --------------,:_------ ------.---------------------------- ----------Mint Spring calcareous marl member........... , ..._

>
Forest Hill sand

',

"Chimney rock" facies
...............

Red Bluff clay

.I

...............
-----~--------~----1

Yazoo clay member
Ocala limeston':l
Moodys calcareous marl member

dence of unconformity between the two formations has been observed.
Although the Byram marl, being the formation from which Conrad obtained most of his
fossils from Vicksburg and upon which he
based his description of the Vicksburg group,
is the type formation of the group; it is 1 not
nearly- so conspicuous as the }.1arianna limestone, which underlies it, and. this has given
rise to the erroneous impression that the Vicksburg group consists chiefly of limestone. The
formation, as the · name indicates, consists
.largely of marl, but it contains also thin beds
of impure limestone, clay, and sand. The
marl is generally sandy and contains considerable glauconite. On natural outcrops it
is of a rusty yellowish color, but where less
weathered i~ is gray or green.

strata usually form gentle slopes between the
harder Glendon limestone member of the
Marianna limestone, below, and the Catahoula
sandstone, p.bove. At some places the Byram
marl has been eroded back from the edge of the
Glendon limestone, leaving the hard ledges of
the Glendon projecting as a broad platform
or terrace
LOCAL DETAILS.

VICINITY OF VICKSBURG.

Exposures of the Byram marl occur at
several places near Vicksburg. The best and
most complete is on the Park Road leading
southward up the hill from _Waltersville past
the north side of the National Cemetery.
Bed 1 of the following section, which shows
the entire thickness of the Byram marl as well
as parts of the adjacent formations, was found

THE BYRAM CALCAREOUS MARL OF MISSISSIPPI..

in a ravine 11 feet below the wagon bridge on
the east side of W altersville.
Section between l.Yaltersville and

~he

National Cemetery.
Feet.

12. Loess ..................................... 25±
11. Coarse gravel, pebbles· 2 inches in maximum
length, in matrix of irregular] y grained sand. 13
Catahoula sandstone (?):
10. Fine gray laminated sand ................. 25
Byram marl:
9. Lower 10 feet consists of a shell bed with
Scapharca lesueuri, etc., at base, overlain
by 1! feet of brownish fossiliferous clay
grading upward into yellowish ferruginous,
glauconitic sandy marl with shells. Upper
part is prevailingly brown clay with
patches of marl, with shells locally 'abundant. · Top is yellowish-gray, sparingly
glauconitic, ferrt1ginous shell marl with
Ostrea vicksburgensis, Pecten poulsoni, etc. 38
8. Gray or brown argillaceous marl and brown
clay with occasional plant remains associated with mollusks. Shells especially
abundant near the- top. Dentalium mississippiense, Pecten poulsoni, etc......... 4. 5
Marianna limestone (Glendon limestone member):
7. Gray glauconitic, somewhat indurated marl
with poorly preserved fossils. Nodular in
upper part ............... ~.. . . . . . . . . . . 4. 5
6. Blue-gray or gray fossiliferous glauconitic
argillaceous marl with some stiff blue clay
at top.· Lepidocycl-ina................... 4
· 5. Gray marl, slightly indurated at top, which
forms a projecting ledge over Nos. 3 and 4.
The top is level with the floor of the bridge
at the south end .. :..................... 5
4. Stiff brown clay with thin partings of marl .. · l
3. Gray or yellow marl with obscure fossils; a
thin band of brown clay at bottom........ l. 5
2. Hard pinkish-gray limestone with a little
glauconite and fragments of Pinna, etc.
A few inches at top consists of soft laminated gray marl with abundant Lepidocyclina and Pecten poulsoni.............. 2
Gray or cream-colored sandy marl, with
flakes of mica and small grains of glau. conite. Pecten poulsoni and fragments of
other fossils. Thickness seen. . . . . . . . . . . 1. 5

r.
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Surcula (Pleurofusia) vicksburgensis (Conrad).
Cochlespira cristata (Conrad).
Drillia abundans (Conrad).
Drillia t~ntula (Conrad).
Scobinella caelata Conrad.
Conus protractus Meyer.
Conus :;~.lveatus Conrad.
Olivella missis1'ippiensis (Conrad).
Olivella afliuens Casey.
Caricella demissa Conrad.
Lyria mississippiensis (Conrad).
Busycon spiniger (Conrad).
Latirus protractus (Conrad).
Xancus wilsoni (Conrad).
Phos mississippiensis (Conrad).
Rapana n. sp. (0. B. Hopkin..,, collector).
Murex mississippiensis Conrad.
Galeodea (Sconsia) lintea (Conrad).
Ficus mississippien.Sis Conrad.
Aporrhais lirata (Conrad).
Architectonica trilirata (Conrad).
.Sinum rriississippiense (Conrad).
Fissuridea mississippiensis (Conrad).
:Qentalium mississippiense Conrad.
Scapharca lesueuri Dall.
Ostrea vicksburgensis Conrad.
Pecten poulsoni Morton .
Corhula engonata Conrad.
Protocardia diversa (Conrad).
Pitaria (Lamelliconcha) imitabilis (Conrad).
Macrocallista (Chionella) sobrina (Conract).
Crassatellites mississippiensis (Conrad).

Less complete exposures of the Byram· marl
are found in the upper ·courses of both Mint
Spring Bayou and Glass Bayou at Vicksburg.
At Haynes Bluff, 14 miles north of Vicksburg,
only 8! feet of the Byram marl is exposed. It
consists of yellow glauconitic sandy fossiliferous
marl overlain by gray calcareous clay. The
fossils obtained at Haynes Bluff are listed under
station 7385.
BYRAM.

In the bank of Pearl River at Byram are the
typical exposures of the Byram marl. Broad
ledges of indurated glauconitic marl alternating with softer beds of green clay rise about 10
The fossil species in the following list were feet above low-water mark. The rock is
obtained from the Byram marl· at this locality: abundantly fossiliferous, and most of the fossils
Station 7372. Road north of the National Cemetery, are contained in pockets of softer marl. The
north of Vicksburg, Miss., beds 8 an:d 9 of section; C. W.
species which have been obtained from these
Cooke, collector, ·May 16, 1915:
beds are included in the general list.
J..epidocyclina supera (Conrad).
· The marl beds and ledges of impure limestone
Archohelia mississippiensis (Conrad).
Archohelia vicksburgensis (Conrad).
extend up and down the river from Byram for
Actaeocina crassiplica (Conrad).
several miles, but the individual exposures
Terebra tantula Conrad.
show thicknesses so small that it is difficult to
Terebra divisura Conrad.
determine just where to draw the line between
Turris (Pleuroliria) cochlearis (Conrad)'.
the Byram marl and the Marianna limestone.
Bathytoma congesta (Conrad).
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LEAF RIVER.

On Leaf River the Byram marl appears on
the west bank at a fish trap half a mile below
the bridge on the Taylorsville-Silvarena road
near old Blakeney post office. The strata exposed consist of only 2! feet of bluish ligmtic
clay and fossiliferous blue sand, which' form a
shelf-like b.ench near water level, but the sands
have yielded the large and characteristic fauna
which is listed under stations 5615 and 7376.
WOODWARDS.

ram marl. One of the most abundant and most
widely distributed species is the little.Scapharca
lesueuri Dall, which appears to be restricted
to this horizon. The recent discovery at Vicksburg of a coral which Vaughan reports from the
coral reef at Bainbridge, Ga., from Tampa, Fla.,
and from many places in the West Indies suggests a closer relation of the Oligocene. chert of
Flint River to the Byram marl than had hitherto been suspected.
In addition to the corals, mollusks, and
echinoderms listed here, the accompanying
paper by Mr. Cushman adds to the fauna of the
Byram marl 68 species and varietie~ of Foraminifera from Byram alone, and it is certain that
study of all the material from other localities·
now in his hands will add greatly to this numher. A monograph by Canu and Bassler 7
adds 45 Bryozoa to the fauna of the Byram
marl.

On Chickasawhay River at Woodwards, 2
miles northwest of Waynesboro, about 5 feet
of blue or gray glauconitic shell marl composed
largely of ·Foraminifera . and containing an
irregularly indurated ledge of gray limestone
is exposed '"beneath the bridge. The deposit'
evidently forms part of the Byram marl and is
probably very near the horizon of the shell bed
on Leaf River near. Blakeney, which it resemStations of' the Byram marl.
bles. In addition to many Foraminifera, in3722. Vicksburg, Miss. Bluff just above second sawmill
cluding Lepidocyclina supera (Conrad), which on the river. Horizon No. 2 from top. T. W. Vaughan,
. is characteristic of the Byram marl, the follow- collector, 1900.
3724. Vicksburg, Miss. Horizon above waterfall on
ing species have been collected:
Station 6648. Chickasawhay River at wagon bridge'onefourth mile west of Woodwards station, Wayne County,
Miss., C. Wythe Cooke, collector:
Bryozoa (25 species-representing 19 genera). ·
Lunatia sp.
Dentalium mississippiense Conrad.
Scapharca lesueuri Dall.
· Ostrea Vicksburge~sis Conrad.
Pecten poulsoni Morton.
Macrocallista sp.
FAUNA OF THE BYRAM CALCAREOUS MARL.

The following list includes only the corals,
mollusks, and echinoderms which are in the principal collections of the U. S. National Museum
from the Byram marl. The corals were named
byT.W.Vaughan. !identified the mollusks and
echin.oderms and prepared the lists. The list includes5corals, 134 mollusks, and 2 echinoderms,
of which 80 occur also in the Mint Spring marl,
46 persisted from the Red Bluff clay (including
6 which have not been found in the Mint Spring
marl), and 54 appear to be peculiar to the By-

Mint Spring Bayou, near National Cemetery. T. W.
Vaughan, collector, 1900.
3729. Vicksburg, Miss. Top of bluff opposite second
sawmill~ slightly above second horizon. T. W. Vaughan,
collector, 1900.
5615. West bank of Leaf River three-quarters of a mile
southeast of Blakeney, Smith County, Miss. No. 2 of
section. Nearest town is Taylorsville, which is about 8
miles south.of Blakeney. ,G. C. Matson, collector; 1910.
5623. Byram, Hinds County, Miss. West bank of Pearl
River. Includes all fossiliferous beds of section. G. C.
Matson, collector, 1910.
6449. Confederate A venue, Vicksburg, Miss., 600 to 700
feet north of bridge over Glass Bayou. C. W. Cooke, collector, Oct. 17, 1912.
6454. Pearl River just above bridge at Byram, Miss.
C. W. Cooke, collector, Oct. 23, 1912.
6455. Pearl River at bridge at Byram, Miss. E. N.
Lowe, collector, September, 1912.
7376. Leaf River, Smith County, Miss., half a mile below
the wagon bridge on Taylorsville-Silvarena road, near old
Blakeney post office (same locality as 5615). E. N. Lowe
and C. W. Cooke, collectors, May 22, 1915.
7385. Haynes Bluff, Warren County, Miss. Upper marl
bed. C. W. Cooke, collector, May 17, 1915.

1 Canu, Ferdinand, and Bassler, R. S., North American early Tertiary
Bryozoa: U.S. Nat. Mus. Bull. 106, 1920.
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Species of corals, mollusks, and echinoderms from the Byram calcareous marl.
Byram. marl.
Haynes
Bluff.

Byram.

Vicksburg.

~

7385

~~~

~

~

~

Leaf River.

~

~

~

Mint
Red
Spring Blu:.tf
marl. . clay.
.

----------------1--- --------------------------------Turbinolia insignifica Vaughan?. . . X
X
X
Archohelia mississippiensis (Conrad)............................. . . . . . . X ........................................................... .
Archoheliavicksburgensis(Conrad). X
X ...... ...... ...... ...... ...... ...... ...... ...... X
Balanophyllia caulifera (Conrad).. . . . . . . . . . . . . . . . . . . X . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . X
Dendrophyllia n. sp ...·........................... ~.. X ................................ --.- --- ........ .
X .... .. X ...... ...... ...... ...... ...... X
X
Acteocina crassiplica (Conrad)...... X
Vol vula sp ................ ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . X . . . . . . . . . . . . . .... .
Cylichnasp....................... ...... X ...... X ...... ...... X
X
X
X
X
A~ys_sP---··;·:··.···.····.···················-·---·-------··································· X' ........... .
R~n~cula llllSSlSSlpplensls Conrad.~ ............................. ~ . . . . . .
X ...................... :. X
RlngJ.culan. sp ................................................................... X
X
X
Terebra divisura Conrad............ . . . . . . X
X
X
X ...... ...... ...... ...... X
X ·
X
Terebra tantula Conrad............ X
X
X
X
X ·
X
X
X
X
Tunis (Pleuroliria) cochlearis (Conrad) ....................... -..... - .. -- X
............
·x
X
X
X
X
X
X
Gemmula rotaedens (Conrad) ........... . X
X ...... X
X
X
Gemmula tenella (Conrad) ............. . X
X
X
X
X
Bathytoma congesta (Conrad) ........... . X
X
X
X
X
X
X .X
X
Surcula (Pleurofusia) decliva (Conrad) ................... '........................... X ............................................... .
Surcula (Pleurofusia) vicksburgensis (Casey)....................... . . . . . . X
X
X
X
X
Surcula (Pleurofusia) servata (Con'
?
?
rad)............................. ...... X
·X
X
X
Surcula (Pleurofusia) clarkeana
(Aldrich) .. --.~ .... -.-- .. -- ........................... --- -.--.? . -- ... -........ -.- ... -... -. . . . . x·.
Microsurcula intacta Casey. . . . . . . . . . . . . . . X
X ...... ...... ?
. . . . . . . . . . . . . . . . . . · X ..... _
Microsurcula aff. M. intacta Casey.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . X
X
Microdrillia infans var. vicksburg.
ella Casey? ......................................... ·..... . . . . . . . . . . . . X
X
X ...1•••
Cochlespira cristata(Conrad) ............ X .......................................... X ........... .
X·
Cochlespira sp ................. ·. . . . . . . . . . . . . . . . . . . . . X . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . X
Drillia tan tula (Conrad). . . . . . . . .. . . X
X . . . . . . X . . . . . . . . . . . . X . . . . . . . . . . . . X . . . . . . . ..• _•
Drilliaabundans(Conrad) ................ X
X
X
X ........................ X
X
Drillia caseyi Aldrich. . . . . . . . . . . .. . X
X
X
X ...... ...... X ...... ...... X
X
X
Mangi\~a? cf. M. meridianalis Meyer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
X . . . . . . . ....•
Borson1asp........................ ...... ...... ...... X ...............................................•
Scobinella caelata Conrad... . . . . . . . . . . . . . X
X
X
X
X
X
X
Scobinella pleuriplicata Casey..... . . . . . . . . . . . . X
X ...... ...... ...... ...... ...... ...... X
X
Conorbisporcellana(Conrad)....... ...... ?
.: .... ........................ X
X
X ........... .
Conus alveatus Conrad............ X
X
x·
X
X
X
X
X
X
X
X

8~:~:~r:ri~~~is~~~i~~~i~-c~~~~ci: ··x·· ~

~

:::::::::::::::::::::::::::::: ··x·· --~-- ..... .

Cancellaria s:p. c . ............... /. . . . . . . X ........................................................... _
Olivellamiss1ssippiensis (Conrad)........ X
X
X
X
X
X
X.
X
X
OlivellaaffluensCasey ....... :.... X
X
X
X
X
·X
X·
X
X
X
Olivellan.sp .......................... X
X ............................ ·........ X
Margin ella sp. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . X .......•......................
Caricella demissa Conrad........... . .. . . . X
X ·...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . X
Caricella demissa Conrad var. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . X
X
X
X
X ........... .
Caricella s:p....................... . . . . . . . . . . . . X ..................................................... .
Lyria mis~1ssi:ppiensis (Conrad)..... . . . . . . X
X
X
X
X
X ...... ...... ?
X
Mitra conquis1ta Conrad.......... . . . . . . . . . . . . X . . . . . . . . . . . . . . . . . . . .. .. . . . . . . . X
X
X
X
Mitra ce~lulifera Conrad ......... :.. . . . . . . X
X ..................................................... .
Conomitra vicksburgensis (Conrad). . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . X ....................... .
Conomitrastaminea (Conrad) ..... : ................. ·.......................... X ....................... .
Xancus v.ilsoni (Conrad)...... . . . . . . . . . . . X . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . X . . . . . . . . . . .
X ...... ...... ...... X
X
X
X
X ' X
Latirus protractus (Conrad') . . . . . . . X
Latirus perexilis (Conrad)......... . . . . . . X
X ...... ...... X ...... ...... X
X
X
Busycon spiniger (Conrad)......... . . . . . . X . . . . . . . . . . . . . . . . . . . . . . . . X . . . . . . . . . . . . . . . . . . . . . . . . X
Clavilithes aff. C. humerosa (Conrad).................................. X
Fusinus mississippiensis (Conrad)?. . . . . . . X
0
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Species of corals,

mollus~s,

and echinoderms from the Byram calcareous marl-Continued.
Byram marl.

Haynes

Vicksburg.

Bluff.

Byram.

Leaf River.

Mint
Spring

marl.

Red

Blu1f

clay.

-----1---~~--~----~---1-----~--~-----1---~-----1

7385

3722

3724

3729

6449

5623

6454

6455

5615

7376

---------------1---- - - - - - - - - - - - - - - - - - - - - - Phos mississippiensis (Conrad)..... X
X
X
X
...... ...... X
X
.X
X
Phos mississippiensis (Conrad) var. . . . . . . . .. . .. .. . .. . X . .. .. . .. . .. . .. . .. . .. .. .. .. . . . . .. . . . . X
Phos vicksburgensis (Aldrich)........................ X .. . .. . . .. . . . .. .. .. .. .. .. .. .. .. .. . .. . X
X
Phossp ......................... : ...... X ...... X ...... ...... ...... ...... ...... ...... X
Columbella (Astyris) sp............ .. .. .. X
X
. . .. .. .. .. .. .. .. .. .. . .. . .. . .. . X
X
Murex mississippiensis Conrad..... X
X
X
X
X
X
X ... ~.. . X
X
X
Murexsp... ..................... .. .... X ...........................................................•
Typhis curvirostratus Conrad......................... X· .. .. .. .. . .. . .. .. .. . .. ........... X
X
X
Distorsio crassidens (Conrad)............. X
X
X ............................................... .
Distorsio aff. D. abbreviatus (Conrad).................................................................................. X ........... .
Phalium caelatura (Conrad)............. X
X
X
X
X
X
.......... ..
Galeodea (Sconsia) lintea (Conrad). .. .. .. X . . .. .. . . . .. . .. .. .. .. . .. . . .. .. . . .. . .. .. .. .. .. .. .. X
X
Galeodea sp ..................... ~ . . . . . . X ........................................................... .

~;~~i~i~~-(sy;~~i~)-~p~~~---·_·_·_~~~ ~~~~~~ :~:~~~ :~~~~~ :~~~:~ ~:::~~ :::::~ --~-- ~:~::: --x·· .. x .. --~-- ..... .

Ficus mississippiensis Conrad.. . . .. . .. .. . X
X
X .. .. .. .. .. ..
Cypraea sphaeroides Conrad. . .. .. . . .. .. . .. .. .. .. .. .. .. .. .. .. .. .. X

X

.. .. .. .. .. .. .. .. ..
X
.. .. .. .. .... .

X
X

.. .. .. .. .. .. .. . .. . .. .. .. .. .. .. .. . .. .
.. .. .. .. . .. . .. .. .. .. .. .. X
X
...... ...... ...... ...... ...... X

X

X

8Vu~!e(s~~i!)cs;~r~~----~:::~::::~: :::::~ :::::: :::~:: :::::: :~:::: :::::::::::::::::: ... ~ .... X.. ::::::::::::

Aporrhaislirata (Conrad)..........
Ep~toniym trigintanarium (Conrad)
Ep1tomum sp.....................
Turritella caelatura Conrad. .. . .. . .
Turritel1a mississippiensis Conrad..

.. .. .. X
X
....................'....
...... ...... ...... ......
.. .. .. .. .. .. X
X
.. .. .. X .. .. .. X

I~~1~~;~~~£-~~t;iii~~t~(c·o;;r~;ci)·.·.~: ..

X

X

.. . .. . .. . .. . . . .. .. . .. .. . . . .. . . .. .. ..

X

.. .. .. .. .. .. . .. . .. .. .. .. .. .. .. .. .. ..

X

X

x.... x.. ~~~~~~ :::~~: :::::::::::: .. x.... x.. :~~:~~ .~ .. x........

Calyptraea sp............... .... ... .. .. . . X
Xenophora sp........ ... . . . . . . . . . . X ·. X
Naticasp. a............................. X
Nat~ca sp. b....................... .. .. ..
X
Nat1casp.c ............................. X
Lunatia vicksburgensis (Conrad)......... .. .. . .
Lunatia sp. g...................... . . . . . . X
Sinum mississippiense (Conrad).......... X
Sinum sp... . . . . . . . . . . . . . . . . . . . . . . . . . . . . X
Sinum (Eunaticina) conradii (Dall). . . . . . . X
Fissurideamississippiensis (Conrad)...... .. . .. .
Dentalium mississippiense Conrad.. X
X
Cadulus vicksburgensis Meyer..... X .. .. . .
Nucula vicksburgensis Conrad..... X .. .. ..

X
X .. .. .. . . .. .. .. .. .. X
X
X
X
...... ...... ...... ...... ...... ...... ...... ...... X
...... ...... ...... ...... X ...... ...... ...... X
X
. X
X .. .. . . .. .. .. . .. .. . ?
? .......... ..
X
X ............ X
X ............ X
.. . .. . .. . . . . .. .. . . X .. . .. . .. .. .. .. .. . . .. .. . . X
X
. . . . . . . . . . . . . . . . . . . . . . . . X .............................•
X
X
X
X .. .. . . . . . . . . .. . . . . X
X

. . . . . . . . . . . . . . . . . . . . . . . . X .............................•
X ...... ...... X ...... ...... ...... X
.. .. .. X .. .. .. .. . .. . .. . . . . . . . . .. .. . . .. .. .. ..
?
?

...... X
X
X
X
X
X
.. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. X
X
.. .. .. X .. . .. . .. .. . . X
X .. .. .. .. .. ..

X
X
X

X
X

~~tcli~~=R~~-cc~~~ci)·i:::::~:~~:: .. x.. ~~:::~ ~~:~:: :~:~:: ::~::~ ~::::~ :::~~: :~:::: :::::~ --~-- --x·· .. x..

Glycymeris arctata (Conrad)....... X ................................................................ ..
Scapharca lesueuri Dall. .. .. .. .. .. X
X
X
X
X
X
X
X
X
........... .
Barbatiamississippiensis(Conrad)?. X
X
. .. . . . .. .. .. X .. .. .. .. . .. . . .. .. . .. .. . . .. .. . . X
Pinna (Atrina) argentea Conrad ............................... :.. .. .. . . X ...... 1 . . . . . . . . . . . . X

~;~~~! ~~k~t~~~~~~a3~~~ci:::: ~ ~

..

x..

~

........ x.... ~ ... .. .. .

~

.. x.. ,.. x.. :.: :: ~ :

~

X
X

Pecten poulsoni Morton. . . . . . . . . . . . X
X
X
X
X
X
X
X
X
X
Pecten (Pseudamusium) subminu- .
tus Aldrich .... : .........................' ............................... :. . . . . . . . . . . . . X
X
X
Modiolus mississippiensis Conrad?.. X ................................................................ ..
Modiolus sp....................... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . X .............................•
Panope oblongata (Conrad) ......... /..... X . .. . .. X ............. ' ................................. .
Corbula engonata Conrad.......... X
X
X
X ...... · X
X
X
X
X
CorbulalaqueataCasey............ X
X
X · X ...... ...... X
X
X
X
X
Corbula alta Conrad............... .... .. . . . .. .. X
X .. . . .. . .. . .. . .. . .. .. . .. . .. .. . . . . . .. . X
Spisulafunerata (Conrad) ........................ ·... X .. . .. . .. . . .. . . . . .. .. .. .. .. . .. . . . .. .. X
Donax funerata Conrad............. .. .. .. . .. .. . .. .. .. X . . . . . . .. . .. . .. .. .. .. . .. . .. . .. . ?
X.
Donax cf. D. funerata Conrad...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . X ........••••
Psammobia lintea Conrad ............. ,.. .. .. .. .. .. .. .. . .. . .. .. .. X
X ........ - .. . .. .. .. X
Tellina vicksburgensis Conrad. .. .. .. . .. . X .. .. .. .. .. .. X .. . .. . X
X
X
X
Tellina (Scissula)? sp........ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . X ...........................•••
Tellina sp. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . X . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .••••
Semele sp. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... -. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . X . . . . . . . . . . . . . .••••
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Speci,es of corals, mollusks, and echinoderms from the .Byram calcareous marl.;_Continued.
Byram marl.
Haynes

Vicksburg.

Bluff.
7385

-------------

3722

3724

Byram.

3729

6449

5623

6454

Leaf River.
6455

5615

Mint
Spring
marl.

Red
Bluff
clay. ,

7376

----------~-------------

Macrocallista (Chionella) sobrina
(Conrad)......................... X
X
X
X
X ...... ...... X ...... ...... X
X
Macrocallista sp. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . X . . . . . . . . . . . . . .... .
Pitaria irnitabilis (Conrad)......... X
X · X
X ...... X
X
X . :. . . . . . . . . . X ..... .
Pi taria astartiformis (Conrad) . . . . . . . . . . . . X . . . . . . X . . . . . . . . . . . . . . . . . . . . . . . . . ..... ,. . . . . . . . . . . . . .... .

~mr~~~:~~:~~f~~~::i_~-~:-:-:-::~~: ~~:~~~ <:: -~~~~ ::~_: -~~:~~ -:: .: ::~:f~:: ::·:::·:::::: ::~:: :::::.

Cardium vicksburgense Conrad ?....................................... ----.-I· ...... · · ·- · X ------ · ·- · · ·
X
X
Cardium glebosum Conrad ............. : ..................... ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . X
Prot_ocard~a ?iyer~a (qonrad)....... X
x·
X
X ...... ...... X I X
X
X
X
X
Lucma mJSSISSlppiensis Conrad. . . . . . . . . . . . . . . . X . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . X
Myrtaea sp .................................. '.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . X ....................... .
Phacoides (Here) cf. P. wacissana
Dall................................................................ X
X
Crassatellites mississippi en sis
(Conrad). . . . . . . . . . . . . . . . . . . . . . . X
X ...... X ...... X
X
X
x·
X

±:::r~~~:~~~~~i~~:if~~.;,:-:::

:x: :::::::::::::::::::::::::::::: ::~:: :::::: ··x··
-~-- --~-- --~-- _____ _
::::::

VerticordiadallianaAldrich ....... x· ........................· ............
Clypeaster rogersi (Morton)?....... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . X
X
Schizaster? sp. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . X

The "following list ~numerates the species
of Bryozoa which have been recorded by Canu
and Bassler 1 from the Byram marl in Mississippi. The initial~ B and W indicate that the
species so marked occur at Byram and Woodwards, respectively. Those· marked V are
from Vicksburg, but whether from the Byram
marl or from the Mint Spring marl is not
recorded. Material from both horizons was
studied by Canu and Bassler. The letters
R, C, and J signify that the species so marked
occur also in deposits of Red Bluff, Claiborne,
or Jackson age.
V
JB
V
V
W
W
W
W
W
VBW
JB
B
.JB

Conopeum concavum Canu and Bassler.
Hinksina ocalensis Canu and Bassler.
Membrendoecium lowei Canu and Bassler.
Membraniporidra similis Canu and Bassler.
Stamenocella inferaviculifera Canu and Bassler.
Stamenocella grandis Canu and Bassler.
Scrupocellaria cookei Canu and Bassler.
Scrupocellaria williardi Canu and Bassler.
Scrupocellaria clausa Canu and Bassler.
N ellia oculata Busk.
Nellia bifaciata Canu and Bassler.
Diplopholeos lineatum Canu and Bassler.
Floridina antiqua Smitt.

1 Canu, Ferdinand, and Bassler, R. S., North American early Tertiary Bryozoa: U.S. Nat. Mus. Bull. 106, pp. 34-38, 1920.

::::::
X
X

··x··~--x··

. . . . . . . . . . . . X ..... .
....................... .

RVBW Lunularia (Oligotresium) vicksburgensis Conrad.
•.;rw Lunularia tintinahula Canu and Bassler.
JB Puellina radiata anaticula Canu and Bassler.
B Gephyrotes spectabilis Canu and Bassler.
BW Arachnopusia vicksburgica Canu and Bassler.
BW Trypostega venusta Norman.
'
JB Hippoporina lucens Canu and Bassler.
JW Hippomenella crassicollis Canu and Bassler.
RB Hippodiplosia baccata Canu and Bassler.
VB Hippodiplosia strangulat;:~. Canu and Bassler.
BW Enoplostomella synthetica Canu and Bassler.
B Enoplostomella magniporosa Canu and Bassler.
BW Porella compacta Canu and Bassler.
W Retepora laciniosa Canu and Bassler. .
VBW Tubucellaria vicksburgica Canu and Bassler.
V Metrarabdotos moniliferum Edwards and Haime.
W Meniscopora elliptica Canu and Bassler.
RB Adeonellopsis galeata Canu ·and Bassle·r.
B Adeonellopsis cyclops Canu and Bassler.
B Perigastrella plana Canu and Bassler.
V Osthimosia glomerata Gabb and Horn.
B Holoporella ·peristomaria Canu and Bassler.
W Fedora pusilla Canu and Bassler.
BW Oncousoecia quinqueseriata Canu and Bassler.
W Mecynoecia semota Canu and Bassler.
W Exochoecia rugosa Canu and Bassler.
. W Diaperoecia clara Canu and Bassler.
CJVW Pleuronea subpertusa Canu and Bassler.
· V Pleuronea fenestrata Busk .
JW Idmon:ea milneana D'Orbigny.
JW Iclmonea petri D'Archiac.
W Iclmonea triforata Canu.

__..,.

.,

__

THE FORAMINIFERA OF THE BYRAM CALCAREOUS MARL AT BYRAM,
·MISSISSIPPI.
By JosEPH A. CusHMAN.
INTRODUCTION.

The lower Oligocene of the southeastern
Coastal Plain of the United States is in Mississippi divisible into several distinct members.
Farther east these divisions are not so clearly
distinguishable. Of the divisions in Mississippi the Byram calcareous marl is the youngest. The type section for the Byram marl is
an exposure at the bridge over Pearl River
at Byram, Hinds County, Miss. The formation is mainly a sandy glauconitic marl with
thin beds of impure li~estone, clay and sand.
Small lots of the marl from the type section,
United States Geological Survey station 6455,
collected by E. N. Lowe in 1912, were examined
after careful washing. Although but a few
cubic centimeters of the original material was
taken it has given 68 species and varieties of
Foraminifera. More species. will probably be
added by a further search of the material, but
it is probable that all the common species are
described in this paper. An examination of
the Byram marl from other localities will
undoubtedly greatly increase the fauna, but
it is very desirable in close stratigraphic
studies to have the type section very definitely
worked up for comparison with sections in
other areas, and in this paper it has been the
aim to furnish data for such comparisons.
RELATIONSH,IPS OF· THE .BYRAM FAUNA.

Of the 68 species and varieties which are
here recorded from the type ~ection of the
Byram calcareous marl, 28 appear to have
been previously undescribed, and 8 of these are
recorded under the genus only, as the availabl~
material was not abundant enough to warrant
. specific determination. This statement may
be compared with the data given in the
accompanying paper by Cooke, who lists 134
species of mollusks, 5 corals, and 2 echinoderms, 54 of which are peculiar to the marl at
Byram.

One of the most interesting features ·dis'closed in the study of the Foraminifera of this
collection has been their relationships with
other faunas. The different species are very
definitely related both to the fossil Foraminifera so far known from the Atlantic and Gulf
Coastal Plain of the United States and to the
living. Foraminifera of certain regions, especially the Indo-Pacific.
By far the larger proportion of the species
and varieties are identical with or closely
related- to species now living in the IndoPacific. Such species as Textularia folium
Parker and Jones, Bolivina amygdalaeformis
H. B. Brady, Bolivina nitida H. B. Brady. and
llanerina fragilissima H. B. Brady are now
living in the Indo-Pacific region but are not
recorded elsewhere nor have they' been previously recogn~zed in the fossil form. They
show rather conclusively that there is a very
close relationship between the fossil fauna at
Byram and the living fauna of the Indo-Pacific.
Of the species here described as new there
are several that are also clearly related to the
living Indo-Pacific fauna. For example, Discorbis byramensis Cushman, n. sp., is nearest
in itg affinities to D. corrugata Millett, described
from specimens collected in the Malay Archipelago and recorded by Heron-Allen and Earland from the Kerimba Archipelago, off the
southeastern coast of Africa, from the coast of
Burma, and from West Australia, thus having
a wide Indo-Pacific range. In the characters
of its ventral surface D. byramensis Cushman is
also related to D.'patelliformis II. B. Brady and
D. tabernacularis H. B. Brady, both typical
Indo-Pacific. species .. The Byram species is
then a fossil representative of a small welldistinguished group of species, the others of
which are now living in the Indo-Pacific.
Polymorphina regina H. B. Brady, Parker, and
Jones also shows a definite faunal relation. As
a recent species it is known from the shallow
I
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waters of the tropical and subtropical parts of
the Pacific and Indian oceans. As a fossil it is
also . known from the Miocene of the Coastal
Plain of the United States, from the Calvert
formation of Chesapeake Beach, Md., and from
the Duplin marl of Mayesville, S. C. This
form thus represents a group which lived in this
region in early Oligocene time . and persisted
into the Miocene but then apparently died out
here, though it continued in the Indo-Pacific
region,· to which it may have migrated during
the Oligocene.
Certain other species, such as Truncatulina
byramensis Cushman, n. sp., are evidently
characteristic of the Miocene and may not have
persisted later than that time. T'runcatulina
byramensis is closely related to T: basiloba Cushman and T'. concentrica Cushman, from the
Miocene of South Carolina and Florida..
·Lepidocyclina supera (Conrad) is characteris-·
tic of a group which so far as known is limited to
thishorizonandnotknownelsewhere. L.supera
seems to be an index fossil of the Byram marl.

Miocene climate was evidently colder, especially along the Atla:J?.tic coast, this alone is
probably sufficient reason for the extinction
of those species which persisted in the general
region until that time.
SPECIES INCLUDED.
I

Figures are given of most of the species here
described. A close study of the material has
shown how little is the variation of any, particular species in this marl, and it may. be
questioned whether I am right in the specific
references of certain forms, such as those of
Polymorphina. However, until a comparative
study of recent and fossil material can be ·
made they may best be left 'as at present. 'It
will undoubtedly become possible at some
future time to distinguish the fossil species of
our Coastal Plain and to divide them much
more closely and definitely.
Something of the known distribution of the
species is given as well as full descriptions. A
list of the species is given below and is followed
by the systematic presentation of the fauna.
RELATION OF BYRAM FAUNA TO FAUNAS OF
OTHER LOWER. OLIGOCENE FORMATIONS.

Textulariidae:
Textularia agglutinans D'Orbigny.
The foraminiferal faunas of the other diviTextularia tumidulum Cushman, n. sp.
sions of the lower Oligocene have not been
Textularia subhauerii Cushman, n. sp.
thoroughly studied except at the type stations.
Textularia mississippiensis Cushm.an, n. sp.
Textularia folium Parker and Jones.
Evidence is therefore incomplete as to the defiBolivina amygdalaeformis H. B. Brady.
nite relationships of the several faunas.
Bolivina nitida H. B. Brady.
Enough is known, however, to show that a
Bolivina robusta H. B. Brady.
number of the species of the Byram marl are
Bolivina mississippiensis Cushman, n. sp.
found also i:ri the Mint Spring marl and a lesser
Verneuilin::~ spinu~osa Reuss var. glabrata Cushman,
n. var.
nl,lmber in the Red Bluff clay, both of which lie
Clavulina
byramensis Cushman, n. sp.
below the Byram marl in Mississippi. Some of
Virgulin::~, sp.
these species are also found in the Marianna
Bulimina ovata D'Orbigny?
limestone of Alabama and Florida, but the
Ehrenbergina glabrata Cushm::~n, n. sp.
ecologic CO:Ifditions of Florida and Mississippi Lagenidae:
Nodosaria sp.
in early Oligocene time were evidently very
Nodosaria
sp.?
different, and that alone would account for a ·
Cristellaria sp.
considerable difference in the faunas.
V aginulina legum en (Linnaeus) D' Orbigny var. elegans
D'Orbigny? ,
ECOLOGIC CONDITIONS UNDER WHICH THE
Polymorphina gibba D'Orbigny.
BYRAM MARL WAS DEPOSITED.
Polymorphinagibba D'Orbigny, fistulose form.
From ·a comparison of the records for those
Polymorphina re~na H. B. Brady, Parker, and Jones.
Polymorphina byramensis Cushman, n. sp.
species which are found fossil in the marl at
Polymorphina problema D'Orbigny?
Byram and also living in the Indo-Pacific
Polymorphina amygdaloides (Reuss) Reuss.
region it is evident that the Byram marl was deUvigerina byramensis Cushman, n. sp.
posited in comparatively shallow water (10 to Globigerinidae:
25 fathoms). As nearly all these species occur
Globigerina bulloides D'Orbigny.
Globigerina triloba Reuss.
in the tropical and· subtropical waters of the
Rotaliidae:
Indo-Pacific; it would seem that the water
Spirillina subdecorata Cushman, n. sp.
Byram must have had at least subtropical
Discorbis byramensis Cushman, n. sp.
temperature (between 20° and 24° C.). As the
Discorbis orbicularis (Terquem) Berthelin.
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Rota.Iiidre-Continued.
Truncattilina lobatula (Walker and Jacob) D'Orbigny.
Truncatulina byramensis Cushman, n. sp.
Truncatulina americana Cushman.
Truncatulina pseudoungeriana Cushman, n. sp.
A.nomalina bilateralis Cushman, n. sp.
A.nomalina grosserugosa (GUmbel) H. B. Brady? var.
A.nomalina mississippiensis Cushman, n. sp.
Siphonina advena Cushman, n. sp.
Gypsina rubra (D'Orbigny) Heron-Allen and Earland.
Pulvinulina byramensis Cushman, n. sp.
Pulvinulina ad vena Cushman, n. sp.
Pulvinulina glabrata Cushman, n. sp.
Rotalia bymmensis Cushman; h. sp.
Rotalia dentata Parker and Jones.
Asterigerina subacuta Cushman, n. f'iP·
Nummulitidae:
Nonionina umbilicatula (Montagu) Parker, Jones, and
H. B. Brady.
N onionina scapha (Fichtel and Moll) Parker and Jones.
Nummulites sp.
Lepidocyclina supera (Conrad) H. Douville.
Miliolidae :
Cornuspira involvens (Reuss) Reuss.
Spiroloculina grateloupi D'Orbigny.
Spiroloculina byramensis Cushman, n. ·sp.
Spiroloculina imprimata Cushman, n. sp.
Vertebralina advena Cushman, n. sp.
Verte bralina sp.?
Quinqueloculina crassa D'Orbigny?
Quinqueloculina bicostata D'Orbigny, var.
Quinqueloculina cuvieriana D'Orbigny.
· Quinqueloculina venusta Karrer?, var.
Quinqueloculina sp.?
Hauerina fragilissima (H. B. Brady) Millett.
Hauerina sp.?
Articulina by:ramensis Cushman, n. sp.
Massilina crusta Cushman, n. sp.
Massilina occlusa Cushman, i:l. sp.
Massilina occlusa Cushman, n. sp., var. costulata
·Cushman, n. var.
Triloculina rotunda D'Orbigny.
Triloculina oblonga (Montagu) D'Orbigny.
Tdloculina trigonula (Lamarck) D'Orbigny.
Biloculina sp.?
DESCRIPTIONS.
Family TEXTULARTIDAE.
Genus TEXTULARIA Defrance, 1824.

Textularia agglutinans D'Orbigny.
Plate XIV, figures la, lb.

Textularia aggl1.ttinans D'Orbigny, in De la Sagra, Histoire
physique, politique et naturelle de l'J:le de Cuba,
Foraminiferes, p. 136, pl. 1, figs. 17, 18, 32-34, 1839.
H. B. Brady, Challenger Rept., Zoolog.y, vol. 9, p. 363,
1 pl. 43, figs. 1, 2, 1884.
Cushman, U. S. Nat. Mus. Bull. 71, pt. 2, p. 9, figs.
lOa, b On text), 1911.

tinct, early portion somewhat compressed;
wall coarsely arenaceous, but in section with a
, calcareous base; aperture in a well-marked
depression at the base of the inner margin of
the last-formed chamber; early chambers usually rougher than the later ones. Length 2
millimeters or less.
Textularia agglutinans is rather common in
the Byram marl. The specimens are closely
similar to the types from Cuba described by
D'Orbigny.
This name has been used for a great variety
. of forms, but it should be limited to the one
described by D'Orbigny, which has a generally
tapering form and very rounded chambers,
with the surface arenaceous but rather
smoothly finished.
Textularia tumidulum Cushman, n. sp.
Plate XV, figures 1, 2a, 2.b.

Test large, elongate, compressed, thickest in
the central region, thence thinning toward the
periphery, initial end rapidly broadening in
the adult, the sides nearly parallel to a point
near the apertural end, where the breadth of
;the test ois reduced; chambers numerous, in
cthe adult about three times as wide as high,
and the last-formed chamt>er in many old-age
specimens somewhat distinctly set off from the
others, the inner portion of each chamber much
thicker than the other portions and in the rapid
decrease in thiclmess often leaving a channel
running lengthwise of the test between this
central tumid area and the gradually sloping
outer portion, usually very ·well marked in
adult specimens; sutures. not very distinct;
wall. arenaceous but smoothly finished.
Largest specimens 2.5 millimeters in length.
This is one of the most common and most
conspicuous of the species of the. Byram. marl
at Byram. It is very well characterized by its
central tumid area with longitudinal channels
at each side, and the general slope to the
rounded periphery. The figures show a typical adult (except that the sutu:res are more
distinct than is typical) and a specimen in· its
earlier stage before the tumid central portions
are so strongly developed.
Textularia subhauerii Cushman, n. sp.
Plate XIV, figures 2a, 2b.

Test elongate, large and stout, gradually
Test large, s·tout, elongate, early portion
tapering from the initial end, chambers nearly rapidly 'increasing in width with each newly
as high as wide, tumid; sutu~es depressed, dis- added chamber, later adult portion with the
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sides nearly parallel, slightly lobulated; periphery rounded but the median portion nearly
flat; chambers eighteen to twenty, increasing
in height as added, those of the later portion
nearly as high as broad, sutures usually rather
indistinct; wall coarsely arenaceous but
smoothly finished on the exterior; aperture at
the base of the inner margin of the chamber.
Length 2 millimeters or less.
This species is represented by a few speci,
mens from the Byram marl of rather' uniform
size and general character.
Heron-Allen and Earland 1 figure a TextuZaria from the Kerimba Archipelago, off the
southeastern coast of Africa, which they refer
to T. hauerii D'Orbigny. In some of its characters our Byram marl species resembles this.
A similar form from the Philippines I have

have described as T. sagittula var. atrata, 2
which came from the eastern channel of Korea
Strait, in 59 fathoms.
Textularia folium Parker and Jones.
Plate XIV, figure 3.
·Textularia folium Parker and Jones, Roy. Soc. Philos.
Trans., vol. 155 , PP· 370 , 420 , pl. 18 , fig. 19 , 1865.
Moebius, Beitrage zur Meeresfauna der Insel Mauritius,
1 8 ' fi gs. 16 ' 17 ' 1880.
p. 92 'p.
H. B~ Brady, Challenger Rept., Zoology, vol. 9, p. 357,
. pl. 42, figs. 1-5, 1884.
·
Egger, K. bayer Akad. Wiss. Munchen Abh., Cl. 2,
vol. 18 , P· 272 , pl. 6' figs. 27 , 28, 1893.
Chapman, Linnean Soc. London Jour. (Zoology),
vol. 28, p. 184, 1900 [1902]; Quekett Micr. Club·
Jour., 2d ser., vol.10, p.l27, pl. 9, fig. 4,1907 [1909].
'
Rhumbler, Zool. Jahrb., Abt. Syst., vol. 24, p. 59,
pl. 5 , figs. 51, 52, 1906.
' Bagg, U. Nat. Mus. Proc., vol. 34 , P· l30, 1908.
Cushman, U. S. Nat. Mus. BulL 71, pt. 2, p. 19,
figs. 31-33 (in text), 1911.
Heron-Allen and Earland, Zool. Soc. London Trans.,
vol. 20, p. 623, 1915.

s:

referred to T. hauerii. A study of D'Orbigny's
T. hauerii from the Vienna Basin, however,
shows that it is very differe11-t from the Byram
species,and apparently also different from the
Test small, very much flattened, broad, in
Philippine and Kerimba species.
front view· triangular, in edge view narrow,
tapering toward the acute margins; chamhers,
Textularia mississippiensis Cushman, n. sp.
especially in later development, broad and
Plate XIV, figure 4.
low, so:q1ewhat recurved, the inner and distal
Test elongate, fairly broad, thickest in the margins thickened, prolonged at the periphery
middle, thence thinning toward the periphery, into short backward-pointing spinose processes,
in end view biconvex, central portion curved; smooth; wq1l fairly thick. Length not usually
chambers rather low and broad, especially in exceeding 0.5 millimeter.
This species is rare in the Byram marl at
the' early stages, becoming higner in the adult
and often less broad so that the later chambers Byram (U. S. G. S. station 6455). · The only
in the adult make a test less wide than at difference between this and living specimens
earlier stages; sutures covered by a coarsely lies in its :inore regular development of spinose
arenaceous layer meeting in the center. and at projections .. It is. very interesting, however,
the periphery, leaving the central portion of in showing the relationship of the Byram marl
each chamber uncovered, periphery irregular, fauna to existing faunas. At the present time
not definitely or regularly spinose; chamber the species seems to be confined to the Indowalls smooth and finely perforate. Length Pacific region and is more abundant in the
south Pacific than elsewhere. It is known
0.40 to 0.55 millimeter.
This is a ~ommon small species in the Byram from rare specimens obtained in Mauritius
marl. It .is in general character very uniform (Moebius) and in the Kerimba Archipelago, off
in the material studied and also very constant .southeastern Africa (Heron-Allen and Earland).
in size. In some of its featur.es it resembles It was originally described from specimens
T. pseudocarinata Cushman ( T. carinata H. collected in the shore sands of Melbourne,
B. Brady; not T. carinata D'Orbigny), but it Australia, by Parker and Jones. H. B. Brady
is much smaller and lacks the strongly rhom- gives the following localities in the Challenger
boidal shape in end view, and the carinae and report: Off East Moncoeur Island, Bass Strait,
especially the spines are not so definitely de- 38 fathoms; off Raine Island, Torres Strait,
veloped. T. pseudocarinata _is especially char- 155 fathoms; off Kandavu, Fiji, 255 fathoms;
acteristic of the Philippine region. The Byram off Levuka, Fiji; Nares Harbor, Admiralty
species also resembles very much the form· I Islands, .17 fathoms; Honolulu coral reefs,
I

Zool. Soc. London Trans., vol. 20, p. 628, pl. 47, figs. 21-23, 1915.

I

U."S. Nat. Mus. Bull. 71, pt. 2, p. 7, figs. 2-5 (in text), 1911.
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40 fathoms. It has also been found in the
lagoon of Funafuti and off the coast of Victoria
(Chapman); off Laysan (Rhumbler); and at
several localities off the Hawaiian Islands
(Bagg, Cushman).
Most of the reoorded specimens of the species
were obtained in 40 fathoms or less, although
off Fiji it was found at a depth of 255 fathoms,
and off the Hawaiian Islands at· 249 to 305
fathoms. It is evidently most abundant on
tropical coral reefs of the south Pacific.
Genus BOLIVINA D'Orbigny, 1839.

Bolivina amygdalaeformis H. B. Brady.
Plate XV, :figure 3.
Bolivina amygdalaeformis H. B. Brady, Quart. Jour.
Micr. Sci., vol. 21, p. 59, 1881; Challenger Rept.,
Zoology, vol. 9, p. 426, pl. 53, :figs. 28, 29, 1884.
Cushman, U. S. Nat. Mus. Bull. 71, pt. 2, p. 42, :figs.
69a, b (in text), 1911.
0

Test elongate, somewhat fusiform, thickest
in the middle, periphery well round~d, cha~
bers comparatively~ few; sutures hidden by
the ornamentation of the surface, consisting of
numerous longitudinal irregularly anastomosing costae; the last-formed chambers lacking
the costae but with numerous large depressions; aperture terminal, elo:r;:t.gate-oval, some~hat constricted near the middle. Length
0.80 millimeter or less.
This species is rare in the Byram marl, yet
it is very distinct. In its recent distribution it
is decidedly a Pacific form. It was originally
qescribed by Brady from specimens obtained
off the Philippines at 95 fathoms, off the Admiralty Islands at 16 to 25 fathoms, off the
north coast of New Guinea at 1,070 fathoms,
and in Torres Strait at 155 fathoms. I have
recorded specimens fro~ two Albatross stations-D4875, in 59 fathoms, eastern channel
of Korea Strait, and D4964, -in 37 fathoms, off
the southern coast of Japan.
· .
This is one of the species which shows the
relation of the Byram marl fauna to the existing fauna of the south Pacific, Australia~,
East Indian, and Philippine regions.
0

Bolivina nitida H. B. Brady.
Plate XV, :figure 4.
Bolivina nitida H. B. Brady, Challenger Rept., Zoology,
vol. 9, p. 420, pl. 52, :figs. 30a, b, 1884.
Bolivina laevigataH. B. Brady(notB.laevigata D'Orbigny),
Quart. Jour. Micr. Sci., vol. 21, p. 57, 1881.
Test elongate, thin, complanate, broadest at the center.
tapering and rounded toward the ends. Segments few
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in number, regularly textularian in arrangement; broad,
flattened on both faces, and bordered both at sutures and
periphery by a narrow band of clear shell substance.
Sutures even; apertille large, irregularly oval, oblique.
Length 1/60th inch (0.42 millimeter).

The _above description, quoted from the
Challenger report, is very accurate for the
species as found in the Byram marl. The
specimen figured here is one of the most extreme, the majority of the specimens being
very close to the figure given by Brady. The
large oblique aperture and the flattened test,
carinate, with the carinae continued between
and separating the chambers, are distinguishing characters.
Brady's material came from two Challenger
stations off Australia-off East Moncoeur
Island, Bass Strait, at 38 fathoms, and off
Raine> Island, Torres Strait, at 155 fathoms.
The species was rare at both thesestations, and
the lack of records elsewhere seems to show that
it is either local or rare. Its occurrence in the
Byram marl is therefore d~cidedly interesting.
Bolivina robusta H. B. Brady.
Bolivina robusta H. B. Brady, Quart. Jour. Micr. Sci., vol.
21, p. 57, 1881; Challenger Rept., Zoology, vol. 9, p.
~ 421, pl. 53, :figs. 7-9, 1884.
.
Egger, K. bayer Akad. Wiss. Mi.inchen Abh., Cl. 2,
vol. 18, p. 294, pl. 8, :figs. 31, 32, 1893.
Millett, Roy. Micr. Soc. Jour., p. 543, 1900.
Cushman, U.S. Nat. Mus. Bull. 71, pt. 2, p. 36, figs. 59,
60 (in text), 1911.
Heron-Allen and Earland, Zoo!. Soc. London Trans.,
vol. 20, p. 646, 1915
0

•

0

Test small, in front view rhomboid, thickest
along the median fine, thence gradually sloping
to the sides; chambers numerous, usually much ·
lower than wide,· slightly tumid, especia~ly
in the last-formed portion, sutures distinct,
curved, slightly depressed, in the later chambers often with the posterior side of the chamber crenulate with numerous reentrants; wall
with numerous rather coarse perforations.
Length usually, less than 0.5 millimeter. ~
Small specimens of this species are com~on
iri the Byram marl material examined. None
of the specimens have the stout apical spine
which appears in at least one form of the species in its living form.
There is probably more tha~ .one form or variety of this species in recent seas. Most of the
·specimens recorded by Brady were found in the
Pacific, especially the south Pacific. Later
records add numerous stations from the Pacific, and Heron-Allen and Earland record it
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This· form is very common in the Byram
from the western part of the Indian Ocean, off
the coast of Africa. In spite of other records marl and one of the characteristic species.
the typical form of the species·occurs 1nainly in · The early portion is small in proportion to
the whole test and consists of a considerable
the Indo-Pacific region.
number of rounded chambers in a triserial
Bolivina rnississippiensis Cushman, n. sp.
arrangement, but the resulting mass with
Plate XV, figure 5.
rounded angles forms a bulbous tip to the
Test elongate, slender, gradually tapering otherwise tapering test. The sutures of this
from the subacute initial end to' the broadly early portion are usually very indistinct.
This resembles certain tropical Pacific sperounded apertural end; thickest in the median
and probably has its affinities in that
cies
line; chambers numerous, wider ·than high,
region.
It is quite likely that Pacific forms
curved, sutures marked by limbate li:r~es,
which
have
been referred by authors to (J.
broadly curved and somewhat broken near the
pa,risiensis
D'Orbign~
are closet to this species.
inner end, not depress~d; surface of test smooth

and even. Length about 0.4 millimete~. ·
This species is rare in the Byram marl. It
may be distinguished by the narrow, tapering
form, the peculiarly marked sutureS) and the
very even smooth surface.
Genus VERNEUlLINA D'Orbigny, 1840.

Verneuilina spinulosa Reuss var. glabrata Cushman, n.
var.

Test pyramidal, three-sided, widest above
the middle, generally triangular in trans~erse
section, the sides somewhat concave; angles of
the test bluntly angle<;! or even rounded, without spines; surface smooth; aperture small, at
the inner side of the last-formed chamber.
Length 0. 75 millimeter or less.·
This variety of the species is fairly common
in the typical Byram marl. It differs from the
typical form of the species in its lack of spines,
the edges often being rounded and thickened.
No specimens approaching the typical form
were found.
The species is very characteristic of shallow
tropical and . subtropical waters of the IndoPacific region.
Genus CLAYULINA D'Orbigny, 1826.

Clavulina byramensis Cushman, n. sp.
Plate XVI, figure l..

Test elongate, subcylindrical, the early
chambers triserial, forming but a small portion of the test; later ones uNiserial, both portions rounded; sutures slightly depressed, often
not very distinct otherwise; aperture terminal, central, rounded;· wall coarsely arenaceous but smoothly finished. Length 2 millimeters or less.

Genus vm.GULmA D'Orbigny, 1826.

Virgulina sp.
Plate XVI, figures 2a, 2b, 3.

A rare species. in the marl at Byram is figured. It is much compressed, the later chambers resembling those of Bolivina in being elongate and curved. The surface is smooth, and
in some of its characters this form resembles
V. subsquamosa Egger, but it does not have
the ~urved axis of that species. Certain
specimens from the Indo-Pacific region suggest
this form from Byram. Some of the .figures of
the Kerimba Archipelago material which HeronAllen and Earland 3 assign to V. schreibersiana
Czjzek are very similar to this. They note that
the typical form is very rare and then say: "The
form generally assumed throughout the gatherings is a broad-mouthed, some-what compressed
butregular-chambered type, varying greatly in
proportionate length and breadth." Our specimens in certain respects resemble t~.is form.
Genus BULIMmA D'Orbigny, 1826.

Bulimina o~ata D'Orbigny?
Plate XVI, figure 4.

Bulimina ovata· D'Orbigny, Foraroiniferes fossiles du
. bassin tertiaire de Vienne, p. 185, pl. 11, figs. 13,
14, 1846.
H. B. Brady, Challenger Rept., Zoology, vol 9, p.
400, pl. 50, figs. 13a, b, 1884.

This species is very rare in 'the Byram m!lrl,
and the correctness of the identification is very
questionable. The specimen figured is elon- ·
gate, oval, and has a smooth surface and
somewhat elongate chambers with fairly depressed sutures.
8 Zoo!.

Soc. 'London Trans., vol. 20, p. 643, pl. 49, figs. 1-12, 1915.
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Genus EHRENBERGINA Reuss, 1850.

Ehrenbergina glabrata Cushman, n. sp.
Plate XVII, figures 4a-4c.

Test small, in front view broadly triangular,
chambers numerous, distinct, low and broad,
sutures distinct, on the ventral side at the bottoms of deep rounded depressions, on the dorsal
side but slightly depressed below the general
surface, periphery lobulate; surface smooth,
aperture elliptical at the base of the inner
margin of the last-formed chamber. Length
0.4 millimeter.
This species is rare in the Byram marl at the
type station. It differs from the widely distributed deep-water species E. serrata Reuss
in the rounded chambers, smooth surface, and
lack of spines orsharp angles.
A form that occurs in comparatively shallow water in the Australian region is very
similar to the species figured here and may be
the same. The identity would not be surprising, in view of the relationships of other species
already noted.

93

ined from the type locality. It has very few
chambers, seven or eight in the visible coil;
the surface is generally smooth, except on the
sutures, which are marked by rather broad,
curved, raised ridges, those near the earlier
part of the coil broken into rounded knobs, the
later ones more continu.ous; periphery angled
but not carinate, the apertural face smooth
and somewhat concave; aperture at the angle
of the chamber. Length about 0.65 milli"'"
meter.
As this is a unique form it~ specific assignment should await the finding of more mate-,
rial.
Genus VAGINULINA D'Orbigny, 1826.

Vaginulina Iegumen (Linnaeus) D'Orbigny var. elegans
(D'Orbigny) Fornasini.
Plate XVII, figure 1.

Nodosaria sp.

A single specimen from the marl at Byram
shows the earlier chambers with a fairly well
developed spine, the chambers as long as wide,
surface smooth, sutures somewhat oblique,
and showing a ventral side where the suture
runs backward somewhat. This is not unlike
certain forms now found living in the Philippine region.

Plate XVI, figure 5.

Genus POLYMORPHINA D'Orbigny, 1826:

Family LAGENIDAE.
Genus NODOSARIA Lamarck, 1812.

A single specimen of Nodosaria in the
Polymorphina gibba D'Orbigny~
material from the Byram marl is· incomplete,
Plate XVII, figure 3.
showing only the last four chambers. It has
a tapering form, well-defined chambers, and Polymorphina subcordiformia vel oviformia Soldani,
Testaceographiae, vol. 1, pt. 2, p. 114, pi. 113,
the surface ornamented by ten to twelve
figs. zz, C,· etc., 1791.
longitudinal costae. This specimen is here Polymorphina (Gl'obulina) gibba D'Orbigny, Annales sci.
nat., vol. 7, p. 226, No. 20, Modeles, No. 63, 1826.
figured but not identified specifically, as the
Egger, Neues Jahrb., 1857, p. 288, pl. 13, figs. 1-4. ·
material is not well enough preserved.
Nodosaria sp.?
Plate XVI, :figure 6.

The :figured specimen shows the characters
of a single, fragmentary specimen with both
ends missing. It is smaller than the specimen
described above but has nearly twice as many
costae, and. the chambers are not well mit,rked.
It ca~ not be identified specifically until more
material is available.

Polymorphina gibba H. B. Brady, Parker, and Jones (part),
Linnean Soc. LOndon Trallf3., vol. 27; p. 216, pl. 39,
figs. 2a-:-d, 1870.
H. B. Brady, Challenger Rep};., Zoology, vol. 9, p. 561,
pl. 7l, figs. 12a, b, 1884.
Sidebottom, Manchester Lit. and Philos. Soc. Mem.
and Proc., vol. 51, No. 9, p. 10, pl. 2, figs. 15-17,
1907.
Cushman, U.S. Nat. Mus. Bull. 7~, pt. 3, p .. S5, pi. 41,
fig. 4, 1913; U. S. Geol. Survey ·Bull. 676, p. 11,
pL 2, fig. 4, p. 52, pl. 11, fig. 5, 1918.

Test rotund, in front view nearly circular,
in
end view broadly oval; chambers few, disGenus CRISTELLARIA Lamarck, 1812.
tinct, sutures distinct, but little if at all excaCristellaria Sp.
vated; wall smooth and translucent; aperture
:A 'single specimen of the genus Orist~llaria slightly produced, radiate. Length 0. 75 milli·
··
is.included.in. the Byram marl material exam- meter or less. · ·
323330-22-7
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Specimens that seem identical with this
species are ·common in the Byram marl. They
have usually not more than three chambers.·
The earliest one, the proloculum before the
later chambers are added, is very similar to
Lagena globosa in form and could easily be
mistaken for it, even the aperture not having
clearly. developed its radiate character at. this
stage. Specimens that would be classed as
L. globosa are found in the Byram marl, but
with them are specimens in the two and three
chambered stages, showing that they are the
young of Polymorphina gibba.
This is a ·widely distributed species, both in
recent seas and in the fossil series. I have
already recorded it from the Pliocene and
Miocene of the Coastal Plain.
Polymorphina gibba D'Orbigny, fistulose form.
· Plate XVIII, figures 3a, 3b.

The figured specimen shows a fistulose form
which may be referred to P. ·gibba. It has
numerous branched, semicylindrical processes,.
mostly from the last-formed chamber.
·
'
Polymorphina regina H. B. Brady, Parker, and Jones.
Plate XVIII, figure 4.

..

the Calvert f?rmation of Chesapeake Beach,
(Bagg), and the Duplin marl of Mayesville,
S. C. (Cushman). It is not known to occur in
the Tertiary of Europe but is a typical species
in the shallow water of the tropical and subtropical Pacific and Indian oceans.
This is another of the species by which the
foraminiferal fauna of the Byram marl is correlated with the living fauna of the IndoPacific.
The specimen here figured is a young one
with but a few chambers developed, not showing the typical adult form.
Md~~

Polymorphina byramensis Cushman, n. sp.
Plate XVII, 'flgures 2a, 2b.

Test short and broad, triangular, composed
of a few chambers, usually only four, all except
a final fifth chamber extending back to the base
of the proloculum, forming a truncate test;
chambers inflated, sutures deep and distinct;
surface smooth; aperture radiate, only slightly
produced. Length 0.75 millimeter or less.
This is one of the most comn;wn species in the
Byram marl. It is characterized by its truncate base and triangular form. It resembles
the group of Polymorphina represented by P.
trigonula Reuss. Sidebottom 4 has figured a
specimen which he refers to P.lactea but states
that it is not typical. It is near this species.
The proloculum alone strongly resembles that
of P. gibba in being spherical and translucent.
Most of the specimens have the three or four
chambers with the triangular, truncate test,
but a few have a fifth chamber, usually smaller
than the rest and near the upper part of the
test. This seems to mark the full development
of the species.

Polymorphina regina H. B. Brady, Parker, and Jones, Liniiean Soc. London Trans., vol. 27, p. 241, pl. 41, figs.
32a., b, 1870.
.
H. B. Brady, Challenger Rept., Zoology, vol. 9, p.
571, pl. 73, figs. 11-13, 1884.
Egger, K. bayer. Akad. Wiss. Miinchen Abh., Cl. 2,
vol. 18, p. 310, pl. 9, figs. 45, 50, 51, 1893.
Millett, Roy. Micr. Soc. Jour., p. 265,.1903.
Bagg, Maryland Geol. Survey, Miocene, p. 478, pl.
133, fig. 7, 1904; U. S. Nat. Mus. Proc., vol. 34, p.
149, 1908.
Chapman, Quekett Micr. Club Jour., 2d ser., vol. 10,
p.132, pl. 10, fig. 4, 1907 [1909]; Roy. Soc. Victoria
Proc., vol. 22, p.,281, 1910.
Polymorpbina problema D'Orbigny?
Cushman, U. S. Nat. MuR; Bull. 71, pt. 3, p. 91, pl.
Plate XVIII, figure 1.
41, figs. 6, 7, 1913; U.S. Geol. Survey Bull. 676, p.
54, pl. 11, figs. 3, 4, 1918.
Polymorphina (Guttulina) problema D'Orbigny, Annales
Heron-Allen and Earland, Zool. Soc. London Trans.,
sci. nat., vol. 7, p. 266, No. 14, Modeles, No. 61,
vol. 20, p. 673, 1915.
1826.
Test elongate, fusiform; chambers tumid, Guttulina problema D'Orbigny, Foraminiferes fossiles du
bassin tertiaire de Vienne, p. 224, pl. 12, figs. 26-28,
distinct, especially in the later portion, sutures
1846.

deep; wall ornamented by numerous longiThe form of Polymorphina problema found in
tudinal costae, usually continuing unbroken
across several chambers; aperture radiate, the Byram marl is not unlike that figured by
5
somewhat produced. Length 1 millimeter or Brady but is even more_ like recent specimens
less.
• .Manchester Lit. and Philos. Soc. Mem. and Proc., vol. 51, ·No. 9,
This species is rare in the Byram marl. · It is p. 9, pl. 2, fig. 11, 1907.
5 ChaUenger Rept., Zoology, vol. 9, p. 568, pl. 72, fig. 20; pl. 73, tlg. 1,
known from the Miocene of the Coastal Plain in 1884.
.
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from the Philippine region, where this species
attains a large size. This is by far the largest
of the Byram species but is not so common as
some of the others. The truncate apertural
end is the usual character in both the fossil and
recent material of this form.
Polymorphina amygdaloides (Reuss) Reuss.
Plate XVIII, figures 2a, 2b.
Globulina amygdaloides Reuss, Deutsch. geol. Gesell.
Zeitschr., vol. 3, p. 82, pl. 6, fig. 47,1851.
Polymorphina amygdaloides (Reuss) Reuss, Akad. Wiss.
Wien Sitzungsber, vol. 18, p. 250, pl. 8, fig. 84, 1855.
H. B. Brady, Challenger Rept., Zoology, vol. 9, p. 560,
pl. 71, fig. 13 (?), 1884.
·Millett, Roy. Micr. Soc. Jour., p. 261, 1903.
Sidebottom, Manchester Lit. and Philos. Soc. Mem.
and Proc., vol. 51, No. 9, p. 9, pl. 2, figs. 12-14,
1907.
Bagg, U.S. Nat. Mus: Proc., vol. 34, p. 148, 1908.
Cushman, U.S. Nat. Mus. Bull. 71, pt. 3, p. 85, pl. 41,
fig. 5, 1913:
.

Test elo¥gate-oval, much compressed, composed of few chambers which are elongate and
narrow; sutures rather indistinct, not depressed; surface smooth; aperture somewhat
produced. Length 0.65 millimeter or less.
A few compressed, elongate specimens from
the Byram marl may· best be referred to this
species.
An examination of the figures of specimens
referred to this species by different authors will
show a very considerable range of forms.
Genus UVIGERINA D'Orbigny, 1826.

Uvigerina byramensis Cushman, n. sp.
Plate XVIII, figure 5.

Test minute, elongate, somewhat fusiform,
initial end pointed, chambers numerous, distinct, sutures depressed, surface ornamented by
longitudinal costae, rather thin and sharp, the
last-formed chamber more distinct than the
rest, the inner side concave, the other two sides
slightly convex, giving a generally triangular
section, the surface of this last-formed chamber
smooth, the apertural end produced into a·
short cylindrical neck with a slight .lip, the
aperture circular. Length 0.25 to 0.35 milli-

met~r.

This species, which is the only one of the
in the Byram marl at its type locality, is
very distinct and constant in its characters.
The size is very uniform, and the peculiar shape
of the last-formed chamber in the adult is
characteristic.
ge~us
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Family GLOBIGERINIDAE.
Genus GLOBIGERINA D'Orbigny, 1826.

Globigerina bulloides D'Orbigny.
Plate XIX, figures 1-3.
Globigerina bulloides D'Orbigny, Annales sci. nat., vol. 7,
p. 277, No.1, Modeles, Nos. 17, 76, i826; in Barker,
Webb, 'and B~rthelot, Histoire natureUe des iles
Canaries, pt. 2, Foraminiferes, p. 132, pl. 2, figs. 1-3
28, 1839.
H. B. Brady, Challenger Rept., Zoology, vol. 9, p. 593,
pl. 77; pl. 79, figs. 3-7, 1884.

There are in the typical Byram marl but few
specimens of either this species or G. triloba,
listed below. The specimens referred to G.
bulloides are very constant in their characters
and are of the form shown in the figures given.
They are very similar except in their lower
spire to the form figured by Brady in the
Challenger report, plate 79, figure 7. There
are but four visible chambers from the ventral
side.
Globigerina triloba Reuss.
Globigerina triloba Reuss, Akad. Wiss. Wien Denkschr.,
vol. 1, p. 374, pl. 47, figs. lla-e, 1849.
Globigerina bulloides D'Orbigny var. triloba H. B. Brady,
Challenger Rept.,· Zoology, vol. 9, p. 595, pl. 81,
figs. 2, 3, 1884.

Specimens which are very similar to the
species described by Reu~s and figured by
Brady are found rarely in the Byram marl.
In all the specimens the three visible chambers
make up the whole of the exterior of the test.
The walls are very thin and translucent.
Family ROTALIIDAE.
Genus SPmiLLINA Ehrenberg, 1841.

Spirillina subdecorata Cushman, n. sp.
Plate XIX, figur~s 4, 5.

Test discoidal, much flattened, consisting
of eight or more coils, slightly embracing, dorsal side slightly convex, ventral side strongly
concave in the middle, chamber broad, the
periphery with a broad, thin keel, the main
surface of the chamber on the dorsal side granular, ventral side more nearly smooth; aperture
at the end of the tube. Diameter about 0.5
millimeter.
Several specimens of this same character
were found in the marl at Byran;1. One of these
is attached to a shell fragment by the ventral
side.
This species is perhaps nearest in character
to S. decorata H. B. Brady, an Indo-Pacific
species.
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Genus DISCORBIS Lamarck, 1804.

Discorbis byramensis Cushman, n. sp.
Plate XIX, figures 6-8.

Test pyramidal, low, octagonal, ventral side
slightly ·concave, peripheral margin subacute;
eight chamhers in each of the four or more
coils, their margins uniting to form a series of
eight ribs extending radially from ~he apex of
the test to the periphery, the lateral sutures
much less dist1nct, surface between the ridges
concave but smooth; ventral surface composed
of numerous radiating rounded costae broken
up transversely· to form a beaded surface;
umbilical area hollow; aperture at the base of
the last-formed chamber. Diameter 0.35 to
0.40 millimeter, height 0.10 millimeter.
This well-characterized species is very rare
in the marl at Byram. It is probably nearest
in its affinities to D. corrugata Millett, described
from specimens obtained in the Malay Archipelago and recorded by Heron-Allen and Earland from the Kerimba Archipelago, off the
southeastern coast of Africa. D. corrugata
seems to have but half as many chambers to a
coil as D. byramensis and is much higher in proportion. The Kerimba specimens show the
sutural lines, but-the Malay specimens do not.
This species is also recorded by Heron-Allen
and Earland from Sandoway, Arakan coast,
Burma, and Rottnest Island, West Australia,
thus having a wide Indo-Pacific range. In the
characters of the ventral surface it is also related "to D. patelliformis H. B. Brady and D;
tabernacularis H. B. Brady, both typical IndoPacific species.
With the geographic relationships of D. byramensis its occurrence in the lower Oligocene
of Mississippi is very inter~sting.

at Byram. They are here referred to D. orbicularis Terquem, although the number of chambers is much less than in the usual form of that
species. All the specimens are of similar size
and character. Diameter 0. 55 millimeter or less.
The figures of specimens referred to this
species by various authors show a con!?iderable
range~ of form and character.
Genus TRUNCATULINA D'Orbigny, 1826.

Tr_uncatulina lobatula (Walker and Jacob) D'Orbigny.
Plate XX, figures 1-3.
"Nautilus spiralis1obatus, etc.," Walker and Boys, Testacea minuta rariora, p. 20, pl. 3, fig. 71, 1784.
Nautilus lobatula Walker and Ja<!ob, Adams's Essays on
the microscope, Kanmacher's ed., p. 642, pl. 14, fig.
36, 1798.
Truncatulina lobatula (Walker and Jacob) D'Orbigny, in
Barker, Webb, and Berthelot, Histoire naturelle
des 1les Canaries, vol. 2, pt. 2, Foraminiferes, p. 134,
pl. 2, figs. 22-24, 1839; Foram.iniferes fossiles du
bassjn tertiaire de Vienne, p. 168, pl. 9, figs. 18-23,
1846.
H. B. Brady, Challenger Rept., Zoology, 'vol. 9, p. 660,
pl. 92, fig. 10; pl. 93, fig. 1, 1884.

Specimens of an abundant form in the Byram
marl are referred to this species. In most of
them th13 last half of the final whorl is some"\Vhat angled so that a shallow depression is
formed on the dorsal surface. The ventral
surface is well rounded. This is a very widespread species, but from the appearance of the
fossil forms from various horizons it may have
more than one form.
It has been recorded from the Pliocene
(Waccamaw formation) at Cronly, N. C., 6 from
several Miocene formations in Mary~and, Virginia, South Carolina, and Florida, 7 and from
the Miocene of Santo Domingo. 8
'
Truncatulin~
byramensis Cushman, n. sp.

Discorbis orbicularis (Terquem) Berthelin.

Plate XX, figures 4-6.

Plate XIX, figures 9, 10.

Test planoconvex, dorsal side slightly con,
vex, ventral side flattened, peripheral margin
subcarinate; about eight chambers in the last_formed whorl, chambers on the ventral side
failing to reach the center of the test, leaving a
definite ·umbilical area which is filled with
clear shell material; on the dorsal side each
chamber at its inner border has the angles
somewhat prod~ced and a broad, rounded
reentrant near the middle; on the ventral side
the inner half of the chamber is rather m-

Rosalina orbicularis Terquem, Essai sur le classement des
animaux qui vivent sur la plage de Dunkerque,
fasc. 2, p. 75, pl. 9, figs. 4a, b, 18"/v.
Dis(!orbis orbicularis (Terquem) Berthelin, Liste des
foraminiferes recueillis dans la baie ·de Borgneuf
eta Pornichet, p. 39, No. 63, 1878.
Cushman, U.S. Nat. Mus. Bull. 71, pt. 5, p. 16, pl. 11,
fig. 1; figs. 18a-c (in text), 1915.
Discorbina orbicularis (Terquem) H. B. Brady, Challenger
Rept., ZoOlogy, vol. 9, p. 647, pl. 88, figs. 4-8, 1884
(and numerous ~ubsequent authors).

.A few specimens of the broad, flat, scalelike
form that is c.ommon in shallow water of tropical and subtropical seas were found in the marl

6

U. S. Geol. Survey Bull. 676, p. 16, pl. 11 fig. 10, 1918.
p. 60, pl. 17, figs. 1-3.
s Carnegie Inst. Washington Pub. 291, p. 41, 1919.
7 Idem,
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· tncately lobed, the chambers themselves of.
lighter color, the sutures darker, of clear shell
material; surface finely granular; aperture an
elongate opening at the base of the last-formed
chamber near its inner ventral border. Diameter 0.35 to 0.75 millimeter.
This species is rather common in the marl at
Byram. In the form of the l9bed chambers it
is related to two other Miocene species I have
described- T. basiloba, from South Carolina, and.
T. concentrica, from the Choctawhatchee marl
of Florida. ·In the peculiar labyrinthic form
of the chamber it is not unlike some forms of
Pulvinulina elegans D'Orbigny, but the shape
of the test, chambers, and aperture is different.
Truncatulina americana Cushman.
Plate XX, figures 7. 8.

Truncatulina americana Cushman, U. S. Geol. Survey
Rull. 676, p. 63, pl. 20, figs. 2, 3; pl. 21, fig. 1, 1918;
U. S. Nat. -Mus. Bull. 103, p. 68, pl. 23, figs. 2a-c,
1918.

Test planoconvex, dorsal side nearly flat,
ventral side slightly convex, chambers numerous, ten to fifteen in the last-formed coil,
rather rapidly increasing in size, peripheral
margin sub~ngular, dorsal s.ide with the last
few chambers failing to meet the umbilicus,
ventral side similar in this respect in most
specimens; sutures distinct, slightly limbate on
the dorsal side, depressed on the ventral side;
wall smooth, punctate, aperture peripheral with
a slight lip. Diameter 0.75 millimeter or less.
This species is not so common in the Byram
marl as in the Miocene deposits. It is known
from the Choctawhatchee marl at Coes Mills
and Jackson Bluff, Fla., the Duplin marl at
Mayesville, S. C., and Wilmington, N. C., the
Yorktown formation at Yorktown, Va., and
the Choptank formation at Jones Wharf, Md.
I have also recorded it from. the lower Miocene
of Florida and from the upper Oligocene
Culebra formation of the Canal Zone. It is
found in the Miocene penetr~ted by wells m
different parts of the peninsula of Florida.
Truncatulina pseudoungeriana Cushman, n. sp.
Plate XX, figure 9.

Truncatulina ungeriana H. B. Brady (not Rotalina ungeriana D 'Orbigny, 1826), Challenger Rept., Zoology,
vol. 9, pl. 94, figs. 9a-c, 1884.
Cm"hman, U. S. Nat. Mus. Bull. 103, p. 69, pl. 24,
I

fig • 1, 1918.

Test biconvex, almost equally so; periphery
subacute, chambers nine to eleven in the last-
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formed whorl, those of the earlier whorls not
showing on the dorsal side because they are
hidden by the roughness of the surface, or on
the ventral side because of the involute character; periphery lobulated; sutures distinct above
in the last whorl and very distinct below, as the
sutures are somewhat tumid on the ventral
side; umbilical region filled nearly flush with
the chambers by clear shell material, last few
chambers on the dorsal side slightly above the
surface on the inner margin; surface dorsally
with coarse punctae, below smooth and more
finely punctate; aperture at the periphery.
Diameter 1 millimeter or less.
In the Byram marl the same form appears
that is figured by Brady as T. ungeriana. B~ady
says of his figure, "The drawing (Pl. XCIV,
fig. 9) is not a good illustration of the species,
the specimen being relatively thicker and altogether more stoutly built than the typical
form." A comparison of Brady's figure with
that given by D'Orbigny in the Vienna Basin
monograph will show the numerous differences in the two. Brady does not give the
locality for the specimen from which his drawing wa.s made, but I have seen identical material from the Philippine and Australian regions.
The occurrence of this same form in the Byram
marl seems to show that the species is distinct
and that d.iscrimination.will show it to have 'a
definite geographic range in the present ocean.
Material from the Oligocene Culebra formation
of the Canal Zone that I have referred to T.
ungeriana may be this n_ew species.
Ge:J.lUS ANOMALINA D'Orbigny.

Anomalina bilateralis Cushman, n. sp.
Plate XXI, figures 1, 2.

Test of about four coils, bilateral or nearly so,
composed of numerous chambers, ten or more
in the last-formed whorl, umbilical region on
both sides with a knob of clear shell material,
more pronounced on the dorsal side, chambers
smooth but coarsely punctate, more coarsely
so on the ventral side, sutures broad and somewhat limb ate with clear shell material; aperture a narrow curved opening at the base of the
final chamber. Diameter 1· millimeter or less.
This form is rare in the Byram marl. It is
close to A .. ammonoides Reuss but differs from
that species as figured by Reuss. It is very
close to the form figured in the Challenger report
by Brady (pl. 94, fig. 2). The Challenger material in which Brady found it was almost entirely

0
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americana Cushman, and in others with A nomalina grosserugosa (Gumbel)~ var., already mentioned, but it is very distinct from either.

from the south Pacific, and it may be predicted
that a study of the rather shallow-water material from that region will show that the species
there is closely related to if not identical with
this one from the Byram marl.
Reuss's original material was from the Cretaceous of Europe. A critical study of the
various figures assigned to A. ·ammonoides will
show that several forms have been included
under the one name.

Genus SIPHONINA Reuss, 1849.

Siphonina advena Cushman, n. sp.
Plate XXII, figures 1, 2.

Test unequally biconvex, dorsal side usually
less convex than the ventral, periphery subacute, chambers in three or more coils, four
chambers making up the last-formed coil,
sutures distinct, on the dorsal side flush with
the surface, on the ventral side slightly depressed, on the dorsal side somewhat broadened and limbate, ventrally narrow, surface
smooth but punctate; aperture with a short
neck, compressed, with a phialine lip and
elliptical aperture; color even in the fossil
specimens somewhat brownish, wall thin and
translucent. Diameter 0.50 niillimeter or .less.
This species is common in the marl at Byram
but never shows any of the characters of S.
reticulata (Czjzek), to which it is related. It
is nearer to S. pulchella Cushman, from the
Miocene of Yumuri River gorge, near Matanzas,
Cuba, but differs 'in the size and shape of the
chambers and the character of the sutures.

Anomalina grosserugosa (Gumbel) H. B. Bradyt var.
Plate XXI, figures 3-5.

A form in the Byram marl may questionably
be referred to this species. It is very close to
the form figured by Brady in the Challenger
report (pl. 94, fig. 4), which is very different
from the original of Gumbel, as a comparison
of the two will show.
Millett reco:rds this species with A. ammonoides as widely distributed ·in the Malay
Archipelago, and as both are recorded from a
number of stations off the Hawaiian Islands a
review of tropical Pacific material should be
made to see just what forms are really present
there.
Anomalina mississippiensis Cushman, n. sp.

Genus GYPSINA Carter, 1877.

Plate XXI, figures 6-8.

Gypsina rubra (D'Orbigny) Heron-Allen and Earland.

Test small, planoconvex, of about two and
one-half coils, periphery slightly lobulate
bluntly rounded, dorsal side very much flat~
d ·
1 h 1
tene , even s ig. t y concave, ventral side very
convex; chambers comparatively few, six to
eight in the last-formed coil, sutures curved,
on the dorsal side broad and limbate, even
with the surface of clear shell material, on the
ventral side narrower and depressed; the lastformed two or three chambers on the inner
margin on the dorsal side slightly above the
general surface; wall thin and translucent,
especially on the dorsal side, smooth; on the
ventral side finely punctate and not so clear;
aperture a curved o'pening at the inner margin
at the periphery. Length 0.25 to 0.35 millimeter, breadth 0.20 to 0.30 millimeter.
This species is fairly common .in the marl
at Byram but might easily be overlooked on
account of its small size. It is very constant
ill its chambers and in size and seems to be
a well-di~tinguished ~i~tle SJ?ecies. In so~e
, respects 1t has affinities With Truncatul~na

Plate XXII, figure 3.
Planorb1tlinarubra. D'Orbigny, Annalessci. nat., vol. 7, p.
280, No.4, 1826.
Fornasini, Acad. sci. 1st. Bologna Mem., 6th ser.,
vol. 5, p. 44, pl. 2, fig. 3, 1908.
Gypsina rubra (D'Orbigny) Heron-Allen and Earland,
Zool. Soc. London Trans., vol·. 20, p. 725, pl. 53, figs.
35 37 1915
·
- ,

I

A number of specimens of this species were
collected in the marl at Byram.
Although ~n the fossil specimens the color
is of course lacking, the characteristic secondary growth seems to be developed.
This is an. Indo-Pacific species recorded by
D'Orbigny from the South Seas and Sarawak.
Heron-Allen and Earland note its occurrence
in the Kerimba Archipelago, off the southeastern coast of Africa. They also record it
in shore sands from Fremantle, West Australia,
from Lord Howe Island, and from Apia Beach
and the Lufi-lufi reef, Samoa, and note that
"~t is probably widely distributed in shallow
water across the Indo-Pacific region."

FORAMINIFERA OF THE BYRAM -CALCAREOUS MARL AT BYRAM, MISS.

Genus PULVINULINA Parker and J'ones, 1862.

:rulvinulina glabrata Cushman, n. sP.

Pulvinulina byramensis Cushman, n. sp.
Plate XXII, figures 4, 5.

Plate XXII, figures 6, 7.
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Test biconvex, elongate, somewhat lobulate,
composed of about two coils, seven chambers
in the last-formed coil, dorsal side convex, the
sutures depressed, curved, chambers convex
between, rapidly in~reasing in ~ize as added;
dorsal side very coarsely punctate, the sut:ures
-somewhat limbate; ventral side umbilicate, surface smooth and _with very fine punctations;
sutures distinct, last-formed chamber with a
long, straight valvular lip across the whole of
the depressed umbilicus; aperture beneath the
lip. Length 0 _5 millimeter.
P. glabrata is rare· in the marl at Byram. It
differs from such closely related species as
P. a.uricula, P. sagra, and P. _oblonga in its
very coarsely punct~te dorsal surface and the
This is a common species in the marl at
shape of the test. From P. oblonga., which has
Byram.
a somewhat similar aperture, it differs in the
The features of the aper-ture in this species shorter form of the test. There are a number
are peculiar, and with its other characters it
seems to be well defined.
of records for P. oblonga from the Indo-Pacific
region, and it would be interesting to know the
Pulvinulina advena Cushman, n. sp.
relation of this Byram marl species to that from
the Indo-Pacific.
·
Plate XXII, figure 8.

Test small, biconvex, rotaliform, consisting
of about three coils, seven or eight chambers in
the last-formed coil; on the dorsal side sutures
oblique and at a considerable angle with the
periphery, somewhat limbate; on the ventral
side the chambers extend in to the center,
which is usually not umbilicate; sutures nearly
straight; surface polished, punctations appearing as light tubules against the translucent wall;
aperture near the inner end of the chamber on
the ventral side, with a definite valvular lip,
the aperture hidden below but when examined
found to be composed, in the adult, of several
adjacent small rounded openings. Diameter
1. 5 millimeters or less.

Test minute, planoconvex, composed of two
and a half coils, periphery deeply lobulate,
chambers few, elongate, broadest at the outer
end, six or seven in the last-formed whorl
periphery of the chambers somew~at tubulated,'
remainder of surface slightly papillose on the
dorsal side, which is flat, ventral side with each
chamber more tumid, sutures depressed and
distinct, the surface granulose with coarse,
almost spinose -projections, chambers continuing in to the umbilicus, where they meet;
aperture near the periphery of the test at the
base of the last-formed chamber. Diameter
0.20 millimeter.
This species is rare in the Byram marl. It
finds its nearest ally, so far as ornamentation
shows, in Rotalia. schroeteriana. Parker and Jones
var. inflata. Millett. It has a similar surface
ornamentation in the spinose or granular sur-:face and in the fimbriated character of the
peripheral margins of the chambers. This
variety, described by Millett from specimens
obtained in the Malay Archipelago, was found
again by Heron-Allen and· Earland in the
mate~ial from the Kerimba Archipelago, off
the southeastern coast of Africa.

Genus ROTALIA Lamarck, 1804.

Rotalia byramensis Cushman, n. sp.
Plate XXIII, figure 1.

Test unequally biconvex, rotaliform, in the
last-formed coil six or seven chambers, dorsally
wlth the chambers somewhat triangular, the
sutures oblique, limbate, broad, of clear shell
material; ventral side with a large circular
mass in the umbilical region, with the sutures
deep and ending in a depressed ring about it;
aperture with a somewhat valvular lip often
divided into several teeth; surface on the dorsal
side somewhat roughened, on the ventral side
scrobiculate near the periphery, smoother near
the center. Diameter 2 millimeters or less.
'Fhis species is not common in the marl at
Byram. While it belongs to the Rota.lia
beccarii group, it is much more like the tropical
species now living in the Indo-Pacific than those
<i>f temperate regions. R. beccarii itself is used
as a name to cover a great variety of things, and
the forms now passing under that name should_.
be more critically treated if their geographic
and geologic distribution is to be of value.
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Rotalia dentata Parker and Jones.
Plate XXIII,. figure 2.

characters of Asterigerina. It shows traces of
granules on the ventral side near the aperture.

Rotalia dentata Parker and Jones, Philos. Trans., vol. 155,
p. 387, pl. 19, fig. 13, 1865.

Family NUMMULITIDAE.

Several specimens from the marl at Byram
are very close to this species from Bombay
figured by Parker and Jones. They are also
close to the figure given by Brady in the Challenger report (pl. 108, fig. 4). R. dentata is a different species from R. calcar, though probably
included under that name by several authors.
As shown in the figure of the type, the sutures
are limbate with clear shell material, and the
outer border of each whorl is marked in a like
manner. The spinose projections from the
edge are very much like those in the figure
given by Brady and seem to be different from
those ordinarily seen in R. calcar.

Genus NONIONINA D'Orbigny, 1826.

Genus ASTERIGERINA D'Orbigny, 1839.

Asterigerina subacuta Cushman, n. sp.
Plate XXIV, figures 1-3.

Test planoconvex or unequally biconvex,
composed of about three and one-half coils, the
dorsal side slightly convex, smooth, the chambers all visible in well-preserved specimens, even
those of the earlier coils showing through the
layer of transparent shell material covering
them; chambers about ten in the last-formed
coil, the sutures oblique and curved backward
but not depressed below the surface, slightly
thickened and clear, joining at the periphery
with the slight keel; from below, the chambers
of the last coil only visible; sutures ending
at a point about one-third of the way in from
the periphery, from which a secondary chamber
is developed to the umbilical region, where the
sutures come together in a central boss of clear
shell material; aperture elongate, curved, at
the base of the inner margin on the ventral
side. Diameter about 1 millimeter.
Specimens of this species are fairly common
in the marl at Byram. It is clearly related to
Asterigerina carinata D'Orbigny and A. angulata Cushman. From the former it differs in
the larger number of chambers and the narrower coils, and from the latter. in the smaller
J!umber of the chambers, simpler aperture,
and much narrower coils. A. subacuta is
nearer A. carinata than A. angulata but is very
constant in its characters. From above it has
the appearance of a Pulvinulina, but an examination of the ventral side shows the typica]

Nonionina umbilicatula (Montagu) Parker, Jones, and
H. B. Brady.
Plate XXIII; figures 3, 4.

There are several specimens from the marl
at Byram that at present may be referred to
this species. It should be noted, however,
that the specimens described by Montagu are
different from many of the forms later assigned to his species and that there are apparently several species or varieties which occur
in different regions which should be distinguished. The specimens fron;1 the Byram marl .
are very constant in all their characters and
are very close to one of the forms figured by
Brady in the Challenger report (pl. 109, fig. 8).
This species is common in comparatively shallow water in the Indo-Pacific region, but in the
north Atlantic it is found ·largely in deeper
water. It is to be suspected, therefore, that
the species from the Byram marl and that
from the Indo-Pacific may be found to be
closely allied.
Nonionina scapha (Fichtel and Moll) Parker and Jo::tes.
Plate XXIII, figures 5-7.

_·fllautilus .'/capha Fichtel and Moll, Testacea rnicroscopica,
p. 105, pl. 19, figs. d-f, 1803.
Nonionina scapha (Fichtel and Moll) Parker and Jones,
Annals and Mag. Nat. Hist., 3d ser., vol. 5, p. 102,
No.4, 1860.
H. B. Brady, Challenger Rept., Zoology, vol. 9, p. 730,
pl. 100, figs. 14, 15, 1.6?, 1884.

There are two forms of Nonionina in the
Byram marl, both of which are referred to N.
scapha. One of them is very close to two of
the figures given by Brady in the Challenger
report (pl. 109, figs. 14, 15). The other is
somewhat more elongate. Both forms are
figured here to facilitate subsequent reference
when the various forms of Nonionina found· in
the Tertiary of the Coastal Plain may .be
studied as a wll'ole.
Genus Nl!MMULITES Lamarck, 1801.

•

Nummulites sp.
Plate XXIV, figure 4.

There are a few specimens of Nummuli.fes
from the marl at Byram of the character
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·shown in the figure. Definite placing of these
forms under a specific name is left until the
study of the various species of our Coastal Plain
Tertiary is undertaken.
Genus LEPIDOCYCLINA Gtimbel, 1868.

Lepidocyclina supera (Conrad) H. Douville.
OrbitoN.tes supera Conrad, Acad. Nat. Sci. Philadelphia
Proe., No.2, p. 74, 1S65.
Orbitoides supera Conrad, Am. Jour. Sci., 2d ser., vol. 43,
p. 31, 1867.
Lepidocyclina supera (Conrad) H. Douville, Compt.
Rend., 1918, pp. 263, 264, figs. 6-8, 11.
Cushman, U. S. Geol. Survey Prof. Paper 125, p. 69,
pl. 26, figs. 5-7, 1920.
·

Test flattened or slightly sellaef.orm, typically circular but occasionally irregular with
lobes at one side or elongated oval; thickest
in the central region but not distinctly umbonate, gradually decreasing in thickness to the
periphery; surface apparently smooth but with
slight enlargement becoming papillate, the papillae, which are the ends of the pillars, rounded
and projecting above the general surface
slightly, ·or where the test is eroded becoming
more prominent. Diameter as much as 18
_millimeters in adult specimens, thickness about
2 millimeters.
This species is abundant in the Byram marl,
of which it is one of the index fo~sils.
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Genus SPmOLOCULINA D'Orbigny, 1826.

Spiroloculina grateloupi ·D'Orbigny.
Plate XXV, figure 2.
Spiroloculina grateloupi D'Orbigny, Annales sci. nat.,
vol. 7, p. 298, 1826.
Terquem, Soc. geol. France Mem., 3d ser., vol. 1,
p. 52, pl. 5, figs. 5, 6, 1878.
Weisner, Archiv Protisten-Kunde, vol. 25, p. 208,
1912.
Cushman, U. S. Nat. Mus. Bull. 71, pt. 6, p. 31, pl. 4,
figs. 4, 5, 1917.
Spiroloculina excavata H. B. Brady (not D'Orbigny),
Challenger Rept., Zoology, vol. 9, p. 151, pl. 9,
figs. 5, 6, 1884.
·

The marl from Byram contains. a number of
specimens which seem nearer to this species
than to any other. The periphery, however,
is not greatly rounded, but the sides of the test
are deeply excavated, and there is a strong
keel at the outer edge of each chamber, the
neck is 'produced, and the surface is smooth.
One specimen exhibits the series of openings 3;t
either end of each coil seen in a number of
other species.· This is a microspheric specimen.
The species is widely distributed and is
especially abundant in the Indo-Pacific, occurring in great numbers in certain parts of
the Philippine region and elsewhere in shallow
warm waters.
Spiroloculina byramensis Cushman, n. sp.
Plate XXV, figures 4a, 4b.

Family MILIOLIDAE.
Genus CORNUSPmA Schultze, 1854.

Cornuspira involvens (Reuss) Reuss.
Plate XXV, figure 1.
Operculina involvens Reuss, Akad. Wiss. Wien Denkschr.,
vol. 1, p. 370, pl. 45, fig. 20, 1849.
Cornuspira invol·vens. (Reuss) Reuss, Akad. Wiss. Wien
Sitzungsber., vol. 48, p. 39, pl. 1, fig. 2, 1863 [1864].
H. B. Brady, Challenger Rept., Zoology, vol. 9, p. 200,
pl. 11, figs. 1-3, 1884.
Cushman, U. S. Nat. Mus. Bull. 71, pt. 6, p. 25, pJ. 1,
fig. 2; pl. 2, fig. 2, 1917.

There are but a few specimens of this species
in the Byram marl. Th'ey are smooth and of
small size, only about 0.4 millimeter.
The species is very widely distributed. It is
common in the shoal waters of the Tropics and
reaches a large size i~ the warm waters of the
Indo-Pacific regwn, as, for example, in the
Philippines. Elsewhere it seems to be of
small size.

Test compressed, broadly rounded in side
view; peripheral margin squarely truncate,
sides of the chambers sloping in somewhat
toward the center, surface with a beautiful
ornamentation consisting of fine hexagonal
depressed areas with very narrow thin ridges
between covering the entire surface. Length
0.85 millimeter.
This is rare in the marl at Byram, but its
beautifully ornamented surface is very distinctive. It resembles Terquem's figures of
Quinq_ueloculina variolata D'Orbigny, from the
Pliocene of the Isle of Rhodes.
Spiroloculina imprimata Cushman, n. sp.
Plate XXV, figures 3a, 3b.

Test broad and fiat, complanate, nearly
circular in outline, composed of numerous
chambers, those of the last-formed coil failing
to extend to the base of the preceding chamber~
leaving a gap; periphery square, lateral faces
. nearly fiat; the surface ornamented by a
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series of pits in a more or less linear arrangement. Length about 1 millimeter.
Plate XXV, figure 3b, shows the character
of this ornamentation, much enlarged. This
is not a common species in the Byram marl,
but several specimens were found.
Genus VERTEBRALINA D'Orbigny, 1826.

A species that is fairly. common in the marl
at Byram is rather close to Q. crassa as figured
by Heron-Allen and Earland from their Kerimba Archipelago material. It is referred
questionably to this species.· The Byram specimens have perhaps a little finer costae but are
otherwise similar to the Kerimba form.
Quinqueloculina

Vertebralina advena Cushman, n. sp.

bicost~ta

D'Orbigny, var.

Plate XXVI, figures 2-4.
Plate XXV, :t;igures 5, 6.

Test compressed, in the adult with three
chambers in the final whorl, the chamber
angled, surface with numerous strong longi~
tudinal costae, aperture elongate, with a flaring everted lip. Diameter 1 millimeter.
This species is rare in the Byrain marl. It
may be that some of the specimens which have
been assigned to Articulina sulcata, based on
the figure given by Brady, are V. advena.
Heron-Allen and Earland record A. sulcata
from the Kerimba Archipelago. Sidebottom
records the species from the Mediterranean,
and his figures show that his specimens were
evidently Articulina. The specimen from the
Abrolhos Bank figured by Brady, Parker, and
Jones is apparently not the same.
Forms similar to this should be looked for in
the tropical Indo-Pacific. A specimen I have
:figured as Articulina sulcata 0 is very close to if
not identical with the Byram marl species.
Vertebralina sp.
Plate XXV, figure 7.

In the marl at Byram was found a single
specimen of a very thin, complanate species
with numerous distinct anastomosing costae as
a surface ornamentation.
It is very distinct from V. advena, described
above, but the single specimen is not enough
for specific determination and description.
Genus QUINQUELOCULINA D'Orbigny.

Quinqueloculina crassa D'Orbigny?
Plate XXVII, figures 1, 2.

Quinqueloculina crassa D'Orbigny, Annales sci. nat., vol.
7, p. 301, No. 14, 1826.
Terquem, Soc. geol. France Mem., 3d ser., vol. 2,
pt. 3, p. 186, pl. 20 (28), figs. 20, .21, 1882.
Fornasini, Accad. sci. Ist. Bologna Mem., 6th ser.,
vol. 2, p. 65, pl. 3, fig. 5, 1905.
Miliolina crassa Heron-Allen and Earland, Zool. Soc.
London Trans., vol. 20, p. 572, pl. 42, figs. 37-41,
1915.
o U. S. Nat. Mus. Bull. 71, pt. 6, pl. 22, figs. 5a, b, 11H7.

A form of Quinqueloculina which is one of
the most common fossils in the Byram marl
may be referred to Q. bicostata D'Orbigny.
The specimens are, however, more elongate
than the types, 10 or those of Heron-Allen and
Earland, from the Kerimba Archipelago. 11
. The Byram specimens are referred to this
species provisionally, but they may represent
a distinct variety or species, their inain resem- ·
blance to the .typical form being in the bicostate character of the periphery of the chambers.
The species which perhaps comes nearest
to this Byram marl material is that figured by
D'Orbigny 12 as Q. juleana.
Quinqueloculina cuvieriana D'Orbigny.
Plate XXVI, figure 1.

Quinqueloculina cuvieriana D'Orbigny, in De la Sagra,
Histoire physique, politique et naturelle de l'ile
de Cuba, Foraminiferes, p. 164, pl. 11, figs. 19-21,
1839.
Cushman, U.s: Nat. Mus. Bull. 71, pt. 6, p. 47, pl. 12,
fig. 2, 1917.

The typical form of this species described
by D'Orbigny from specimens obtained from
the s4ore sands of Cuba occurs very rarely in
the marl at Byram. Several authors cite. the
figures in the Challenger report, which do not
represent this species but rather Q. lamarclciana D'Orbigny. The typical form is found,
however, in eastern waters. I have had it
from shallow water in Hongkong Harbor, and
it occurs elsewhere in the Indo-Pacific region.
The accessory costae at either side of the
sharp margin are characteristic of the species.
Quinqueloculina venusta Karrer?, var.
Plate XXVI, figure 5.

This elongate, angled form is somewhat like
the form figured by Brady in the Challenger
10 D'Orbigny, A. D., in De Ia Sagra, Ram6n, Histoire physique, poll·
tique et naturelle de l'lle de Cuba, Foraminiferes, p. 195, pl. 12, figs. 8-10,
1839.
. .
u Zool. Soc. London Trans., vol. 20, p. 572, pl. 42, figs. 42-45, 1915.
u Foraminiferes fossiles du bassin tertiaire de Vienne, pl. 20, figs. 1-3,

1846.
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report (pl. 5, fig. 5) and placed as Miliolina smooth or slightly pitted, the sutures usually
venusta Karrer. The specimens from the appearing as whitish lines in the· test.
Byram marl are even longer and more slender
Hauerina sp.?
and may not be this species at alL They are
Plate XXVII, figure 4.
figured and noted here· so that the form may
be made ·available for later comparisons.
A single somewhat broken specimen in the
marl
from Byram belongs to the genus BauerQuinqueloculina sp.?
ina. It differs from H. Jragilissima. in the
Plate XXVI, figure 6.
sharp edge to the peripheral borders of the
A few specimens from the Byram marl are chambers, even carinate, ·and the character of
large (i.50 to 1.75 millimeters long) and have the wall, which though thin and transparent
much the form of Triloculina oblonga (Montagu) seems to have deep pits or possibly perforabut are quinqueloculine. The surface is in tions at wide but regular intervals, in a single
most of them worn and smooth, but in one of irregular line down the curved part of the
the largest, 'best-preserved specimens there is a chamber. ·
faint longitudinal striation. In this connecG~nus ARTICULINA D'Orl?igny, 1826.
tion the note which Heron-Allen and Earla:p.d
give under. Miliolina oblonga in their Kerimba
Articulina byramensis Cushman, n. sp.
work (p. 567) is interesting. "At stations 9
Plate XXVII, figures 5, 6.
and 12. the specimens were large and showed
Test of two portions, a basal triloculine porsigns of superficial markings linking the species
tion
followed by a single linear chamber, the
with M. striata.''
earlier
portion with the lip of the antepenulti'Genus HAUERINA D'Orbigny, 1846.
mate chamber standing out free at the base,
Hauerina fragilissima (H. B. Brady) Millett.
that of the penultimate chamber covered by
Plate XXVII, figure 3.
the base of the last-formed one, last chamber
Spiroloculina fragilissima H. B. Brady, Challenger Rept., rounded in transverse section or slightly comZoology, vol. 9, p. 149, pl. 9, figs. l 2-14, 1884.
pressed, with a broadly flaring, slightly down. Hauerina fragilissima (H. B. Brady) Millett, Roy. Micr.
ward-curved
lip; aperture rounded, slightly
.Soc. Jour., p. 610, pl. 13, figs. 8-JO, 1898.
longer
than
wide;
surface of the test with nuHeron-Allen and Earland, Zool. Soc. London Trans.,
merous
longitudinal
costae, sharp, sometimes,
vol. 20, p. 587, pl. 46, figs. 1, 2, 1915.
Cushman, U.S. Nat. Mus. Bull. 71, pt. 6, p. 64, pl. especially in the 'final chamber, anastomosing.
24, fig. 4, 1917.
Length 1.25 millimeters.
This is a fairly common species in the marl
A number of very typical specimens of this
species have been identified from the marl at at Byram and is very constant in its characters.
Byram.
The free lip of the chamber projecting at the
All the known records for this species are base is peculiar and constant in all specimens,
Indo-Pacific. ·Brady's original localities are and the single linear chamber with very wide
off Tahiti, Society Islands, 420 and 620 fath- lip and. the sharply cut, often anastomosing
oms; off Kandavu, Fiji Islands, 255 fathoms; costae are also uoints that distinguish the ·
south coast of New Guinea, 3 to 28 fathoms; species.
north coast of New Guinea, 16 to 25 fa~homs.
A. byra.mensis is allied to certain of the spe-.
Millett records it from the ·Malay Archipelago. cies usually classed under A. conico-a.rticulata..
Heron-Allen and Earland found it in material It is close to the specimen from waters off the
from the Kerimba Archipelago, off the south- Hawaiian Islands I have referred to A, conico-:eastern coast of Africa. I have found the spe- articula.ta13 and is even more strikingly like
cies in material collected off the Hawaiian the specimens from the Kerimba Archipelago
Islands in 271 fathoms.
figured by Heron-Allen and Earland 14 as
This record from the lower Oligocene Byram Articulina sagra. D'Orbigny. This suggests
marl confirms the Indo-Pacific relations of the that we have here a definite species, fossil in
Byram fauna.
the Byram marl and living in the Indo-Pacific.
The test of this species is very thin and of a 1a U. S. Nat. Mus. Bull. 71, pt. 6, pl. 22, figs. 5, 6, 191i.
peculiar opalescent character, the surface H Zool. Soc. London Trans., pl. 45, figs. 22-25, 1915.
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Genus MASSILINA Schlumberger, 1893.

Massilina crusta

Cushm~n,

n. sp.

Plate XXVIII, figure 1.

Test elliptical, compressed, periphery carinate, early chambers quinqueloculine, later
ones 180° from one another, making a flat test,
sutures distinct, central portion of each chamber elliptical in transverse section, surface
with a slight secondary thickening, the test
itself ornamented by a series of very short
longitudinal pits, apertural and basal ends of
each chamber strongly projecting, the basal
end ·rounded, the ap~rture rounded with a
bifid tooth; surface dull. Length 1.60 millimeters or less.
A few specimens in various stages occurred
in the marl at Byram. This species in some
ways resembles the figures of Spiroloculina
planissima (Lamarck) fTom the Kerimba Archipelago given by Heron-Allen and Earland. 15
Our specimens are, however, much more involute and belong to ~fassilina. The shape of
the apertural end and the carinate periphery
are very similar in the two forms.
Massilina occlusa Cushman, n. sp.
Plate XXVIII, figure 2.

Test elongate, narrowly elliptical in face view,
involute, the peripheral margins squarely truncate, initial end of the chamber projecting
backward beyond the former aperture, rounded,
apertural end somewhat produced, whole
chamber nearly square in transverse section;
sutures distinct;
aperture rounded, neck
~quare; surface dull, smooth. Length 0.75
millimeter or less.
This species is represented in the mar( at
Byram by several speci:rJens, all of this same
shape and character.
'
The involute character of the last-formed
"chambers hides the early chambers almost
completely. The whole test has a squarish
form that is continued even to the apertural
~p.eck. The shape of the initial end of the lastformed chamber is also very constant and
characteristic.

1 polished as in the type has an ornamentation

of several longitudinal, more or less irregular
·costae, running out on the neck of the lastformed chamber, the angles of the chambers
sharp and carinate, the periphery of the test
concave.
This form is~rare in the marl at Byram and
seems to be either a distinct species or a ...-ariety
of ~f. occlusa. It may be compared to such
forms as Spiroloculina costigera Terquem, S.
costata Terquem, S. striata Terquem, and S.
semi-.ovata Terquem, from the Eocene of the
Paris Basin, though it is unlike any of these.
Genus TRILOCULINA D'Orbigny, 1826.

Trilocillina rotunda D'Orbigny.

Triloculina rotunda D'Orbigny, Annales sci. nat., vol. 7,
p. 299, No.4, 1826.
Schlumberger, Soc. zool. France Mem., vol. 6, p. 206,
pl. 1, figs. 48-50, figs. 11, 12 (in text), 1893.

Several specimens"' from the marl at Byram
are here referred to this species. They are triloculine, smooth, nearly as broad as long, and
the chambers rounded. The longest are about
0.75 millimeter in length.
T. rotunda is rec:orded from widely separated
localities, but there are various forms, as noted
in the literature on the species.
'
Triloculina oblonga (Montagu) D'Orbigny.
Plate XXVIII, figures 3, 4.

Vermiculum oblongum Montagu, Testacea Britannica, p.
522, pl. 14, fig. 9, 1803.
Triloculina oblonga (Montagu) D'Orbigny, Annales sci.
nat., vol. 7, p. 300, No. 16, Modeles, No. 95, 1826;
in De la Sagra, Histoire physique, politique et naturelle de l'ile de Cuba, Foraminiferes, p. 155, pl. 10,
figs. 3-5, 1839.
Cushman, U.S. Nat. Mus. Bull. 71, pt. 6, p. 69, pl. 26,
fig. 3, 1917.
Miliolina oblonga (Montagu) H. B. Brady, Challenger
Rept., Zoology, vol. 9, p. 160, pl. 5, figs. 4a, b, 1884.
Millett, Roy. Micr. Soc. Jour., p. 267., pl. 5, fig. 14,
1898.
Heron-Allen and Earland, Zool. Soc. London Trans.,
vol. 20, p. 566, 1915.

A few small but otherwise typical specimens of this species were found in the marl at
Byram. They are widest near the base and
thence taper to the narrower a pertural end;
Massilina occlusa Cushman, n. sp., var. costulata Cushthe
surface is smooth and polished. Length
man, n. var.
about 0.35 millimeter.
Test differing from the typical form in the
The specimen figured by Brady seems to be
surface, which instead of being smooth and a Quinq_ueloculina and to lack the characteru Zool. Soc. London Trans., vol. 20, pl. 41, figs. 1-5, 1915.
istic shape of the tropical specimens in shallow
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water. It may be that the Byram specimens
A single specimen of this species was found in
and the one I have figured from .waters off the the marl at Byram. It is a short, rather roHawaiian Islands, together with that figured by tund form.
Millett, really constitute a tropical species difGenus BILOCULINA D'Orbigny, 1826.
ferent from that of British waters.
Triloculina trigonula (Lamarck) D'Orbigny.

Miliolites trigonula Lamarck, Annales du Mus., vol. 5, p.
351, No.3, 1804; Animaux sans vertebres, vol. 7, p.
612, No. 3, 1822.
Triloculina trigonula (Lamarck) D'Orbigny, Annales sci.
nat., vol. 7, p. 299, No. 1, pl. 16, figs. 5-9, Modeles,
No. 93, 1826.

·,

.

Biloculina sp.?
Plate XXVIII, figures 5, 6.

. There are a very few specimens of a small rotund Biloculina in the Byram marl. They are
smooth with a large aperture and a tooth very
small in comparison, as shown in the figure.

\
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PLATE XIV.
FIGURE 1.
2.
3.
4.

Textularia agglutinans D'Orbigny. a, Front view; b, apertural view. X 30.
Textularia subhatte1'ii Cushman, n. sp. a, Front view; b, apertural view. X 50.
Textularia folium Parker and Jones. Front view of a typical specimen; X 100.
Textularia mississippiensis .Cushman, n. sp. Front view showing the darker secondary covering of the
sutures and the peripherY.. X 80.
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PLATE XV

PLATE XV.
FIGURE

1. Text1tlaria t1tmid1.tlum Cushman, n. sp. Front view of adult showing central tumid area. ·X 25.
2. Textitlaria twm,idn~iwt Cushman, n. sp·. a, Front view; b, apertural view of young specimen .. X 40.
3. Bolivina amygdalaeformis H. B. Brady.. Front view, showing the anastomosing ornamentation of the early
portion and the coarsely pitted last chambers. X 120.
4. Bolivina nitida H. B. Brady. Front view. X 120.
5. Bolivina mississippiensis Cushman, n. sp. Front view. X 160.
. 109

PLATE XVI.
Clavulina byramensis Cushman, n. sp. Front view. X 30.
Virgulina sp.? a, Side .view; b, front view. X 120.
Virgulina sp.? Front view of another specimen. X 120.
Bttlimi1w ovata D'Orbigny? Front view. X 120.
Nodosaria sp. Incomplete specimen, with but four chambers, showing form and sculpture. X 60.
Nodosaria sp. Middle portion of an incomplete specimen with a different surface ornamentation from the
preceding. X 100.
7. Nodosaria? sp.? Broken specimen of a Nodosaria or possibly the linear portion of an A1·ticulina.
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PLATE XVII

PLATE XVII.
FIGURE 1. Vagimdina legumen (Linnaeus) D'Orbigny var. elegans (D'Orbigny) Fornasini? Basal five chambers of an
incomplete specimen. X 100.
2. Polymorphina byramensis Cushman, n. sp. a, View of one side; b., opposite side. X 60.
~· Polynwrphina gibba D'Orbigny. Young specimen.
X 120.
4. Ehrenbergina glabrata Cushman, n. sp. a, Ventral view; b, dorsal view; c, side view. X 120.
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PLATE XVIII.
FIGURE 1.
2.
3.
4.
5.

Polymorphina problema D'Orbigny? Front view. X 60.
Polymorphina amygdaloides Reuss. a, Front view; b, side view. X 80.Polymorphina gibba D'Orbigny, fistulose form. a, Front view; b, opposite side. X 60.
Polymorphina regina H. B. Brady, Parker and Jones. Front view. X 40.
Uvigerina byramensis Cushman, n. sp. Front view of a specimen without fully developed last chambers.
X 120.
.
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PLATE XIX.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

FIGURE

Globigerina bulloides D'Orbigny. Ventral view. X 80.
Globigerina bulloides D'Orbigny. Apertural view of another specimen. -X 80.
Globigerina bttlloides D'Orbigny. Dorsal view of another specimen. X 80.
Spirillina snbdecorata Cushman, n. sp. Dorsal view. X 80.
Spirillina sttbdecorata Cushman, n. sp. Ventral view. X 80.
Discorbis byramensis Cushman, n. sp. Dorsal view. X 100.
n'iscorbis byramensis Cushman, n. sp. Side view. X 100.
Discorbis byramensis Cushman, n. sp. Ventral view. X 100.
Discorbis orbicttlaris (Terquem) Berthelin. Dorsal view. X 80.
Discorbis orbicularis (Terquem) Berthelin. Ventral view of another specimen.
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PLATE XX.
FIGURE

Tmncat1.tlina lobatula (Walker and Jacob) D'Orbigny. Ventral view. X 80.
Tmncat1.tlina lobatula (Walker and Jacob) D'Orbigny. Apertural view of another specimen.
Truncat1.tlina lobatula (Walker and Jacob) D'Orbigny. Dorsal view of another specimen. X 80."
Tnmcat1.~tina byram~nsis Cushman, n. sp. Dorsal view. X 80.
Truncatulina byramens,is Cushman, n. sp. Apertural view of another specimen. X 80.
Truncatulina byramen.sis Cushman, n. sp. Ventral view of a young specimen, showing the peculiar lohes
at the base of the chambers.
7. Tr1mcat1.thna americana Cushman, n. sp. Ventral view. X 80.
8. Truncat1.tlina amencana Cushman, n. sp. Dorsal view of another specimen. X 80.
9. Truncatulina psettdoungeriana Cushman, n. sp. Ventral view. X 100.
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PLATE XXI

PLATE XXI.
FIGURE

l. Anomalina bilateralis Cushman, n. sp.

2.
3.
4.
5.
6.
7.
8.

Dorsal view. X 80.
Anomalina bilateralis Cushman, n. sp. Apertural view of ano.ther specimen. ·X 80.
Anomalina grosserttgosa (Gumbel) H. B. Brady? var. Dorsal view. X 80.
Anomalina grosserugosa (Gumbel) H. B. Brady? var. Apertural view of another specimen. X 80.
Anomalina grosserugosa (Gumbel) H. B. Brady? var. Ventral view of another specimen. X 80.
Anomalina mississippiensis Cushman, n. sp. Ventral view. X 80.
Anmn.alina mississippiensis Cushman, n. sp. Apertural view of another specimen. >.< 80.
Anomalina mississippiensis Cushman, n. sp. Dorsal view of another specimen. X 80.
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PLATE XXII:
FIGURE

l. Siphonina advena Cushman, n. sp. Side view. X 80.
2. Siphonina advena Cushman, n. sp. Apertural view of another specimen. X 80.
3.' Gypsina rubra D'Orbigny .. Dorsal view. X 80.
4. P·ulvimtlina byramensis Cushman, n. sp. Ventral view. X 40.
5. Pulv'imtlina byramensis Cushman, n. sp. Dorsal view. X 40.
6. Pulviln1dina glabrata Cushman, n. sp. Dorsal view. X 80.
7. Pulvimtl1na glabrata Cushman, n, sp. Ventral view of a larger specimen, showing the smooth polished
surface of the ventral side. X 80.
8. Pulvtnulina advena Cushman, n. sp. Dorsal view. X 100.
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PLATE X4III.
FrouRE 1.
2.
3.
4.

Rotalia byramensis Cushman, n. sp. Ve:dtral view. X 80.
Rotalia dentata Parker and Jones? Dorsal view. X 80.
Nonionina umbilicatula (Montagu) Parker, Jones, and H. B. Brady. Side view. X 80.
Nonionina umbil1:cat1.da (Montagu) Parker, Jones, and H. B. Brady. Apertural view ofa nother specimen.
X 80.
5. Nonionina scapha (Fichtel and Moll) Parker and Jones: Apertural view. X 80.
6. Nonionina scapha (Fichtel and Moll) Parker and Jones. Side view of another specimen. X 80.
7. Nom:onina scapha (Fichtel and Moll) Par~er and Jones. Side view of a larger, more elongate specimen.
X 80.
117

PLATE XXIV.
FIGURE

1. Asterigerina subacuta Cushman, n. sp.

Ventral view. X 80.
2. Asterigerina subacuta Cushman,' n. sp. Dorsal view of a small specimen. X 80.
3. Asterigerina subacu,ta Cushman, u. sp. Side view of another specimen showing the general shape.
4. Nummulites sp. Side view of a somewhat eroded specimen. X 40..
·
·
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PLATE XXV.
FIGURE

Cornuspira involvens Reuss. Side view. X 100.
Spiroloculina grateloupi D'Orbigny.
Side view. X 80.
Spiroloculina imprimata Cushman, n. sp. a, Side view. X 40. b, Surface detail. X 200!
Spiroloculina byramensis-Cushmau, Ii. sp. a, Side view of a partly broken specimen .. x· 40 .. b, Surface
detail. X 200.
5. Vertebralina advena Cushman, n. sp. Side view of an adult specimen. X 80.
6. Vertebralina advena Cushman, u. sp. Side view of a young specimen. X 80.
7. Vertebralina sp.? Side view showing ornament_ation. X 80.
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PLATE XXVI.
FIGURE

1. Quinqueloculina cuvieriana D'Orbigny.

2.
3.
4.
5."
6.

Quinqueloculina bicostata D'Orbigny.
Quinqueloculina bicostata D'Orbigny.
Quinqueloculina bicostata D'Orbigny.
Quinqueloculina venusta Karrer? var.
Quinqueloculina sp.? Side view. X
120

Side view. X 80.
Side view. X 80.
Apertural view of a third specimen. X 80.
Opposite side of another specimen. X 80.
Side view. X 80~
40.

PHOFESSlONAL PAPE R 129

U. S. GE OLOGIC.'.L SUHVEY

PLATE XXVI

6

1

5

2

3
FORAMINIFE RA OF THE BRYAM MARL.

4

U. S. GEOLOGICAL SURVEY

PROFESSIONAL PAPER 1 .l

5

6

1

4

3

2
FORAMINIFERA OF THE BRYAM MARL.

PLA'l'E XXVll

PLATE XXVII.
FIGlJRE

1. Quinqueloculina crassa D'Orbigny.

2.
3.
4.
5.

Side view. X 80.
Quinqueloculina crassa D'Orbigny. Opposite side of another specimen. X 80.
Hauerinafragilissima Brady. Side view. X 80.
Hauerirw sp. Side view of a broken specimen showing peculiar pitted ornamentation of the surface. X 80.
Articulina byrarnensis Cushman, n. sp. Side view of specimen which has not yet reached the adult stage.

.

X~

6. Articulina byramensis Cushman, n. sp.

Side view of aduft specimen.

X 80.
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PLATE XXVIII.
FIGURE

1. MassiZ.ina austa Cushman, n. sp.

2.
3.
4.
' 5.
6.

Side view. X 40.
Massilina occlusa Cushman, n. sp. Side view. X 80.
Triloculina oblonga (Montagu) D'Orbigny. · Side view. X 80.
Triloculina oblonga (Montagu) D'Orbigny. Opposite side of another specimen.
Biloculina sp.? Apertural view, showing aperture and tooth. X 40.
Biloculina sp.? Side view of another specimen. X 40 ..
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THE FORAMINIFERA OF THE MINT SPRING CALCAREOUS MARL
MEMBER OF THE MARIANNA LIMESTONE.
By JosEPH A. CusHMAN.

INTRODUCTION.

The Mint Spring calcareous marl member of
the Marianna limestone, a lower Oligocene
·series of beds of the Coastal Plain region, was
defined by C. Wythe Cooke 1 as follows:_
The "chimney rock " facies of the Marianna limestone
is replaced in western Mississippi by sands and shell marla
for which the name Mint Spring calcareous marl is here
proposed. The name is derived from :Mint Spring Bayou,
a small stream entering Centennial Lake just south of the
National Cemetery at Vicksburg. The strata to which
the name is applied are exposed be:qeath a waterfall in the
lower course of the stream.
Between Vicksburg and Pearl River the Mint Spring
marl occupies the entire interval between the Forest Hill
sand and the Glendon limestone, but east of Pearl River
it is overlain by a thickening wedge of the Marianna
"chimney rock." It has not been recognized east of
Chickasawhay River, on which it is ~xposed It miles
northwest of the mouth of Limestone Creek. Other
important exposures are along Glass Bayou at Vicksburg
and at Haynes Bluff, 14 miles north of Vicksburg, where
it is 25 feet thick.

The type station may be taken as U. S.. G, S.
station 6452, shell and sand bed at foot of high
waterfall, Mint Spring Bayou, Vicksburg,
Miss.; C. W. Cooke, collector.
The other station~ represented in the collec-·
tions here described are as follows:
6451. Same locality as station 6452; E. N. Lowe and
C. W. Cooke, collectors.
6447, 6448. Foot of a .high waterfall in Glass Bayou.
near Vic::ksburg, Miss.
6647. Chickasawhay River ll miles northwest of Limestone Creek, 4 miles northwest of Waynesboro, and 1}
1

Washington Acad. Sci. J'our., vol. 8, No.7, p. 195, 1918.

miles southwest of Boice, Wayne County, Miss.; C. W.
Cooke, collector.
7671. "Brown's Cave," east ·bluff of Leaf River half a
mile above the bridge on ·Bay Springs-Raleigp_ road, in
sec. 13, T. 2 N., R. s· E., Smith County, Miss.; C. W.
Cooke, collector.

The· distribution of the species at these
stations and of those species which also occur
in the younger Byram calcareous marl at its
type station is indicated in the accompanying
table.
As noted in my paper on the Byram niarl, z
many of the species are closely related to those
now found living in the Indo-Pacific region.
An added example of this relation is Spirillina
limbata H. B. Brady var. bipunctata Cushman,
n. var., which is a variety in the Mint Spring
marl of a species that is characteristic of the
Indo-Pacific.
The fauna evidently represents more than a
shoal-water. deposit, as it lacks certain of the
genera present in the Byram marl which indicate shallow water and has a greater abundance
of species which indicate deeper water. The
occurrence of numerous Lageriidae indicates a
depth of perhaps 50 fathoms, and the lack of
such genera as H eterostegina, Operculina, and
Amphistegina indicates a depth of more than
20 or 30 fathoms. This statement is based
o~ data obtained from a study of Foraminifera
in the Tortugas region in the Gulf of Mexico as
wel! as of their distribution in the Philippine
regwn.
A systematic treatment of the species follows.
a U. B. Geol. Survey Pro!. Paper 129-E, 1922.
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Distribu}ion of Foraminijtra of the Mint Spring marl and Byram marl.
Byram
marl.

Mint Spring marl.
6452

6451

6447

6448

6647

7671

6455

Textularia tumid ul um Cushman. . . . . . . . . . . . . . . . . . . . .
X
X
X
X
X
X·
mississippiensis Cushman.........................
X
X
X ·
X
X
X
X·
subhauerii Cushman.............................. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
X
X
X
....................................... .
Bolivina cf. B. punctata D'Orbigny.................. . . . . . . . .
cookei Cushman, n. sp............................................
X
........
X
X

f1oC:d~:~~~~:~~s~~~~·-~--~~---·.·.·.·.·-~::::::: ::::: :::::::: .. -~--- :::::::: :::::::: ... x··· :::::::: ::::::::

Verneuilina rectimargo Cushman, n. sp. .. .............
X
X
X
X
....................... .
Gaudryina triangularis Cushman...................... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
X
sp. ?.•........•...••....••..•.••.•. ······•· •..... •··•···
X
········ ····· .............. ····· ....... .
Bulimina pupoides D'Orbigny....................... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
X
X
Buliminella subteres H. B. Brady var. angusta Cushman, n. var.......................................
X
X
X
X
contraria (Reuss)................................ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
X
............... .
Cassidulina crassa D'Orbigny........................ . . . . . . . .
X
X
............................... .
Lagena laevigata (Reuss)............................. . . . . . . . .
X
...................................... ..
striata (D'Orbigny) var. substriata Williamson..... .. .. .. . . • • .. .. .. .. .. .. .. . • .. .. .. .. .. .. ..
X
orbignyana (Seguenza) var. flintii Cushman,·n. var......... . . . . . . . .
X
............................... .
hexagona (Williamson) .......................·....
X
.. ·............................................ ..
Nodosaria communis D'Orbigny...................... . . . . . . . .
X
........ ........ ........
X
· filiformis D'Orbigny .................................... :................
X
X
obliqua (Linnaeus)..............................
X
.. . . . .. . .. .. . .. . .. . .. .. .
X
X
?
sp. ?............................................ ... .. ... . ....... ..... ... ........ ... .. ...
X
X
X
Cristellaria convergens Bornemann................... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
cultrata (Montfort).............................. .. .. . .. . .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. ..
Xrotul~ta (Lamarck) ......... ·. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
·X
vicksburgensis Cushman, n. sp................... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
X
X
X
'
Vaginulina legumen (Linnaeus) var. elegans (D'Orbigny).................. .. . . . . . . . . . .. . . . . . . . . . .. . . . .. . . . . . . . . . . . . .
X
. . . . . . . . . . . . . ... . . .. . . . .
X
X
X
X
X
X
X
Polymorphina byramensis Cushman ................... ' X
regina H. B. Brady, Parker, and Jones............
X
. . . . . .. . . . . . . . ..
X
X
X
problema D'Orbigny.............................
X
. .. .. . .. . .. .. .. . .. . .. .. .
X
X
X
gibba D'Orbigny.......... .... .. .. .. .. .. .. .. .. .. . .. .. .. ..
X
X
.. .. .. ..
X
X
X
amygdaloides Reuss? ....... ·'· .. .. .. .. .. .. .. .. .. .
X
X
X
X
X
X
equalis D'Orl?igny ... ·_............. ... . . . . . . .. . . . . . . . . . . . .
X
x· ....................... .
advena Cushman, n. sp...................................
X
....................................... .
cuspidata H. B. Brady........... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
X
............................... .
X
.............................................. ..
var. costulata Cushman, n. sp................
vicksburgensis Cushman, n. sp................... . . . . . . . .
X
X
....................... .
X
X
X
X
spinosa (D'Orbigny)................. ... .. .. .. .. . . .. .. .. .
Uvigerina byramensis Cushman.......................
X
X
X·
·X
X
X
pigmea D'Orbigny ........ :...... .... .. . .... .. .. .
X
X
X
X
Globigerina bulloides D'Orbigny......................
X
X
X
.. .. . .. . . .. .. .. .
X
X
dutertrei D'Orbigny............................. .. . .. .. .
X
.. .. . .. . . .. .. .. .
X
X
Spirillina limbata H. B. Brady var. bipunctata Cushman, n. var ........ ········~·-· .......... ..... .. . .
X
X
X
X
X
Patellina advena Cushman, n. sp..................... ·X
............................................... .
X
.......... •..................... .
Discorbis auracana (D'Orbigny) ........................... ·... .. .. .. ..
X
X
~ ..................................... ..
bertheloti (D'Orbigny)...........................
Truncatulina lobatula (Walker and Jacob).............
X
X
X
X
X
X
byramensis Cushman...... . .. .. . .. .. . .. . .. .. .. ..
X
X
X
X
. .. .. .. . .. .. .. ..
X
americana Cushman, var. . . . . . . . . . . . . . . . . . . . . . . . . .
X
X
.X
X
........ ........
X
pseudoungeriana Cushman. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
X
X
X
X
X
vicksburgensis Cushman, n. sp................... . . . . . .. . . . . . . . . . . . . . . . . .
X
....................... .
Anomalina bilateralis Cushman...................... . . . . . . . .
X
X
X
X
X
mississi ppiensis Cushman.... .. .. .. .. .. .. .. .. .. . .
X
X
X
X
X
X
X
vicksburgensis Cushman, n. sp...................
X
............................................... .
Siphonia advena Cushman............................
X
X
X
X
X
X
X
Gypsina rubra (D'Orbigny) ............ "..............
X
.. .. .. .. . .. .. .. . .. .. .. ..
X
X
X
Pulvinulina byramensis Cushman............. . . . . . . . .
X
X
X
X
X
X
X
glabrata Cushman...............................
X
X
x·
X
X
Rotalia byramensis Cushman.. .. .. .. . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . .
X
X
.. . .. . . . . .. . . . . .
X
dentata Parker and Jones var. parva Cushman, n.
var............................................
X
X
X
X
X
vicksburgensis Cushman, n. sp...................
X
X
X
X
X
Nonionina umbilicatula (Montagu)...................
X
X
X
X
X
scapha (Fichtel and Moll)........ . . . . . . . . . . . . . . . .
X
X
X
X
X
X
ad vena Cushman, n. sp ...... : ................................... .
X
X
X
X
Cornuspira involvens (Reuss).........................
X
X

I
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Distribution of Foraminifera oj the Mint Spring marl arul Byram marl-Continued.
Byram
marl.

Mint Spring marl.
6452

6451

6447

6448

6647

7671

6455

Spiroloculina
imprimata Cushman
·
·
antillarumD'Orbigny
,
····:··············-~··x···~
................................ X
Ve~ebralinasp. ? ....... ."~::::::::::::::::::::::::: ·.
X
········ ········ ········ ········ ·······•
Qwnqueloculina bicostata D'Orbigny. .. . . . . . . . . . . . . . . . . . . . .
X
........... x·. . . . . . . . . . . . . . . . . . . . . . . . . . . C';lvieriana D'Orbigny ....................... ___ ~ ···X···
·· · · · · · · ·· · · · · ·· X
VIcksburgensis Cushman, n. sp............ .
········
X
········ ----·--· -·······
X

E~~?E:~:~itL-~::-:.:.::::~~ :::~--~;-.; -~:~:::. : ~:·: :::~::: :::~: : ~~~::: ~ : 1:::~~~~: :::>:

vulgans D'Orbigny

······

seminulum(Linnae·t~~)··························--

contortaD'Orhiguy .·············:·············
lamarckiana D'Orbi·····························
Artic_u_lina byramensis C~h;;._~~---.·.·.·.·.·_·_-~::::~::::::::
Mas.~nhna decorata Cushman n. sp

Tri~oculinaperoblongaCush~an, n"."~p:::::::::::::::

X
X
X

X
X
X
X

X
X
X
X
X

1

· · · ·- ·-- . - ..................... .
X
·--·--~···········----··
········ --·-···· ............... .
X
....................... .
.............. ········ ....... .

···x···
···x·····
X
········ ········ ········ ········

..

. scu~pturata Cushman, n. sp ......................... ::: · ·. BiloculmaornataD'Orbigny..........................
x···

·--X, .. ·······-········
X
X

X

X

X

···X··- ·- ·- ···- ·-- ···-- ·· ····· · ·· ······
··------ -------........ ............................
·······: ....... .. .
............. ..............

DESCRIPTIONS.

There is a considerable variation in relative length and breadth· in the two forms of
the species, the megalospheric form being
Genus TEXTULARIA Defrance, 1S24.
usually broader and shorter, the microspheric
Textularia tumidulum Cushman.
form narrower but longer. The species was
Textularia tumidulum Cushman, U. S. Geol. Survey originally described from specimens obtained
Prof. Paper 129, p. 89, pl. 15, figs. 1, 2a, 2b, 1922.
in the Byram marl at Byram, ·Miss.
Test large, elongate, compressed thickest
Textularia mississippiensis Cushman.
i~ the central region, thence thinni~g toward Textularia mississippiensis Cushman, U. S. Geol. Survey
~he periphery, initial end rapidly broadening
Frof. Paper 129, p. 90, pl. 14, fig. 4, 1922.
rn the adult, the sides nearly parallel to a
Test elongate, fairly broad, thickest in the
point near the apertural end, where the
~ddle, ~henc~ thinning toward the periphery,
breadth of the test is often reduced; chambers
In end VIew biConvex, central portion curved;
numero.us, in the adult about three times as
chambers rather low and broad, especially in the
wide as high, and often the last-formed
early stages,,.becoming higher in the adult and
chamber in old-age specimens somewhat disoften less broad so that the later chambers in
t~ctly set off from the others, the inner portiOn of each chamber much thicker than the the adult make·a test less wide than at e~rlier
·other portions and in the rapid decrease in stages; sutures covered by a coarsely arenaceous layer meeting in the center and at the
thickne~s often leaving a channel running
periphery,
leaving th~ central portion of each
lengthWise of the .test between this central
cha~ber uncovered; periphery irregular, not
tum~d area and the gradually sloping outer
portiOn, usually well marked in adult speci- definitely or regularly spinose; chamber walls
mens; sutures not very distinct; wall arena- smooth and finely perforate. Length 0.40 to
ceous, but smoothly finished. Length 2.5 0.75 millimeter.
This species, which was originally described
millimeters or less.
from
specimens obtained in the Byram marl at
This is the most common species of TextuByram,
Miss, occurs at all six stations of the
laria in the Mint Spring marl, occurring at the
Mint
Spring
marl, as follows:
type station (6452, Mint Spring Bayou, Vicks6447,
6448.
Glass
Bayou, Vicksburg, Miss.
burg, Miss.) and also at the following stations:
Family TEXTULARIIDAE.

6447, 6448. Glass Bayou, Vicksburg, Miss.
6451. Mint Spring Bayou, Vicksburg, Miss.
7671: "Brown's Cave," Leaf River, Miss.
32333°-22----10

/

6451, 6452. Mint Spring Bayou, Vicksburg, Miss.
_6647. Chickasawhay River 1! miles southwest of Boice,
MlSS.
7671. "Brown's Co.ve," Leaf River, :Miss.
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The sutures are not always covered with. a.
·coarsely arenaceous layer but are typically so;·
this layer is often darker than the test and very
distinct. Both megalospheric and microspheric forms occur. None of the specimens
seem to have any definite regular spinose edge,
and this is also true of the Byram specimens.
The specimens in the Mint Spring marl seem to
run slightly larger than those in the Byram
marl; otherwise they are very similar.
Textularia subhauerii Cushman.

Textulc,ria subhauerii Cushman, U. S. Geol. Survey Prof.
Paper 129, p. 89, pl. 14, figs. 2a, 2b, 1922.

Test large, stout, elongate, early portion
rapidly increasing in width with each newly
added chamber, later adult portion with the
sides nearly parallel, slightly lobulate; periphery rounded but the median portion nearly
flat; chambers eighteen to twenty, increasing
in height as added, those of the later portion
nearly as high as broad, sutures usually rather
indistinct; wall coarsely arenaceous. but
smoothly finished on the exterior; aperture at
the base of the inner margin of the chamber.
Length 2 millimeters or less:
·The only station at which this species was
obtained in the Mint SpriJ?.g marl is station
664 7 (Chickasawhay River ll miles southwest
of Bo~ce, Miss.), at which there were numerous
specimens. This is the only station of the six
at which Textularia tumidulum did not occur.
The specimens agree well with those from the
Byram marl described in the paper cited.
Genus BOLIVINA D'Orbigny, 1839.

Bolivina cf. B. punctata D'Orbigny.

.

.

Test small, elongate, slightly. tapering, composed of about twenty chambers; periphery
slightly rounded; sutures distinct; wall finely
punctate. Length. about 0.25 millimeter.
·A single specimen was obtained at station
6451, Mint Spring Bayou, Vicksburg, Miss. It
is very small and in its general characters is like
the recent material of the Gulf of Mexico which
I have referred to Bolivina punctata D'Orbigny.

the whole test broader and thinner: chambers
numerous; sutures indistinct; surface of the ·
earlier thickened portion ornamented by numerous fine longitudinal costae; later portion
smooth but finely punctate. Length 0.25 to
0.35 millimeter.
Type specimen from station 664 7, Chickasawhay River ll miles southwest of Boice, Miss.
Single . specimens also occur at stations 644 7
(Glass Bayou, Vicksburg, Miss.) and 7671
("Brown's Cave," Leaf River, Miss.).
This is a small species but distinct in its general character. The last-formed portion differs
from the early part in its broader form and
smooth surface, the early part being much
thicker and ornamented by fine longitudinal
costae. Young specimens do not show the later
characters.
The species is named for C. Wythe Cooke, of
the United States Geological Survey, who h,as
collected most of the material used in the
present paper.
Bolivina vicksburgensis Cushman, n. sp.
Plate XXIX, figure 2.

Test elongate, tapering, apical end bluntly
pointed, gradually increasingin breadth for several chambers, after. which the sides are nearly
parallel during the remainder of the growth:
chambers distinct; sutures excavated; proximal angle of the periphery of each chamber
somewhat projecting beyond the general line ,
of the t·est, forming a serrate edge; chambers
distinctly triangular; sutures oblique; surface
with numerous punctations .arranged generally
in longitudinal lines. Length 0.45 millimeter.
Type specimen from station. 6451, Mint
Spring Bayou, Vicksburg, Miss. This species
seems to be rare, not being found at a~y of .the
other stations. It is distinct from any others
found in the Mint Spring marl or the Byram
marl. It can be distinguished by the peculiar
serrat_e periphery and the ornamentation.
·
Bolivina frondea Cushman, n. sp.
Plate XXIX_, figure 3.

Test much compressed, broad, composed of
several chambers, those of the early portion
Plate XXIX, figure 1.
elongate, forming a narrow test, tho~e of the
Test elongate, tapering, the early portion adult extep.ding back, forming a broad test
with the periphery slightly rounded, thick, the similar to that seen in certain species of Fronlater portion with the periphery subacute and dicularia; sutures distinct; wall smooth; periph..
Bolivina cookei Cushman; n. sp.

/
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ery broadly rounded. Length slightly more
than 1 millimeter.
Type specimen from station 664 7, Chickasawhay River 1! miles southwest of Boice,
Miss.
·
This is a Tery peculiar species which at first
glance would be taken for the young of Frondicularia, but a further study shows that the
chambers are alternating throughout, as in
Bolivina)· in some respects it remotely re. sembles B. semialata Bagg, which occurs off
the Hawaiian Islands.

A single specimen · from station 7671
("Brown's Cave," Leaf River, Mis~.) may be.,.
long to this species. It was originally described from specimens obtained off the
Hawaiian Islands and is recorded as occurring
near the Bonin Islands. I have also identi:fi~d
it in the Miocene·marl from the gorge of Yumuri
River, Matanzas, Cuba, and in the Oligocene
from the lower part of the Culebra formation
in the Canal Zone .
Gaudryina sp.?
Plate XXIX, figure 6.

Genus VERNEUILINA D'Orbigny, 1840.

There· is a specimen from U.S. G. S. station

Verneuilina rectimargo Cushman, n. sp.

6451 (waterfall in l\iint Spring Bayou, Vicks-

burg, Miss.; E. N. Lowe· and C. W. Cooke,
colleetors) which is apparently a Gaudryina,
Test elongate, triangular in cross section, but it is not well enough characterized for
early portion tapering, adult portion with the description.
sides nearly parallel and straight; chambers
numerous, arranged triserially; . sutures not
Genus BULIMINA D'Orbigny, 1826.
depressed, often slightly limb ate; sides of the
Bulimina pupoides D'Orbigny.
test flattened or very ~lightly concave; periphPlate XXIX, figure 7.
eral angles rounded; aperture slightly. elon- Bulimi·na pupoides D'Orbigny, Foraminiferes fossiles du
gate at the base of the inner margin of the lastbassin tertiaire de Vienne, p. 185, pl. 11, figs. 13,
formed chamber; wall finely punctate. Length
14, 1846.
1 millimeter or less.
H. B. Brady, Challenger Rept., Zoology, vol. 9, p. 400,
Type specimen from station 6452, Mint
pl. 50 • figs. 15a, b, 1884.
Cushman, U. S. Nat. Mus. Bull. 71, pt. 2, p. 80, figs.
Spring Bayou, Vicksburg, Miss. Specimens
132 a-c (in text), 1911.
were alsb found in the Mint Spring marl at the
Test ovate, broadest near the a pert ural end;
following stations:
apical end bluntly pointed, tapering; end vie".'
· 6447, 6448. Glass Bayou, Vicksburg, Miss.
nearly circular; visible chambers numerous,
6451. Mint Spring Bayou, Vicksburg, Miss.
much inflated; sutures rather deeply deThis is a much longer species than V. spinu-· pressed; wall smooth; aperture long and .narZosa glabrata, which occurs in the Byram marl, ·row, with a narrow platelike tooth; color white.
and can be easily distinguished from it.
Length about 1 millimeter.
There are single specimens which may be
Genus GAUDRYINA D'Orbigny, 1839.
referred to this species from the following staGaudryina triangularis Cushman.
tions:
pl ate -XXIX
"... , fi gures 4, 5.

Gaudryina triangularis Cushman, U. S. Nat. Mus. Bull. 71, · 6647. Chickasawhay River 1! miles southwest of Boice,
pt. 2, p. 65, figs. 104 a-c (in text), 1911; U. S. Nat. Miss.
7671. "Brown's Cave," Leaf River, Miss.
Mus. Bull. 103, p. 56, pl. 20, fig. 3, 1918; Carnegie
Inst. Washington Pub. 291, p. 35, 1919.
They are much longer than B. ovata, which

Test slightly longer than broad, for the most
part triangular, the angles _rather acute, composed of a series .of chambers triserially arranged, the later ·chambers rotund, biserially
arranged, few in number; walls coarsely arenaceous, more or less smoothly finished; sutures
plainly visible on the exterior; aperture narrow,
between the inner border of the chamber and
the preceding chamber; color gray. Length
about 1 millimeter.

occurs in the B:yram n1arl.
Genus BULIMINELLA Cushman, 1911.

'Buliminella subteres H. B. Brady var. angusta Cushman,
n. var.
Plate XXIX,

figur~

8, 9.

Variety differing from the typical species in
the nwre elongate, narrower shape of the test
and the larger number ·of chambers; aperture
'elongate, nearly in the long axis of the test;
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sutures not depressed, marked by darker lines
of shell material. Length 0.6 millimeter.
'l'ype specimen from station 664 7, Chickasawhay River 1! miles southwest ·of Boice,
Miss. It also occurred at these stations:

forate, smooth; aperture a long, narrow slit
just below and nearl;r parallel to the periphery
of the test. Diameter 0.4 millimeter.
There are specimens from stations 644 7
(Glass Bayou, Vicksburg, Miss.). and 6451
6447. Glass Bayou, Vicksburg, Miss.
(Mint Spring Bayou, Vicksburg, Miss.) which
6452. Mint Spring Bayou, Vicksburg, Miss.
rather to belong to this species than to
seem
7671. "Brown's Cave," Leaf River, Miss.
0. laevigata D'Orbigny. The periphery has
Specimens were very rare at all these stano keel and is lobulate, and the specimens are
tions. The typical form of the species occurs
not so thick as most recent ones.
in the present oceans in the warmer parts of
the Atlantic and in the Indo-Pacific. It has
Family LAGENIDAE.
nof been recorded as a fossil in the American
Genus LAGENA Walker and Boys, 1784.
Tertiary ..
Lagena laevigata (Reuss) Terrigi.
Buliminella' contraria (Reuss) Cushman.
Rotalina contraria Reuss, Deutsch. geol. Gesell. Zeitschr.,
vol. 3, p. 76, pl. 5, fig. 37, 1851.
Buliminella contraria (Reuss) Cushman, U. S. Nat. Mus.
.
Bull. 71, pt. 2, p. 89, figs. 143 a-c (in text), 1911.
Bulimina contraria (Reuss) H. B. Brady, Challenger.Rept.,
Zoology, vol. 9, p. 409, pl. 54, figs. 18 a-c, 1884.

Test coiled in a depress~d spire, umbilicate,
the chambers numerous, slightly inflated;
sutures distinct, slightly depressed; wallsmooth,
calcareous; aperture distinctly bulimine, looplike, rather long and narrow, extending to the
umbilicus; color white. Length 0.65 millimeter.·.
.
There is a single specimen from station 664 7
(Chickasawhay River 1t miles southwest of
Boice, Miss.) which seems to be nearer to this
than to any other species of the genus. The
records for B. contraria are mostly from the
south Pacific. Brady records one specimen
from' off .the Azores, and I have recorded it. from
off the Hawaiian Islands. Bagg records very
small specimens from the Pliocene sands of
San Pedro, Calif. This is another of the species
which seems to show the relation of the lower
Oligocene of the Coastal Plain of the United
States to the recent fauna of the Indo-Pacific:
Genus CASSIDULINA D'Orbigny, 1826.

Cassidulina crassa D'Orbigny.
Cassidulina crassa D'Orbigny, Voyage dans !'Amerique
meridionale, Foraminifenis, p. 56, pl: 7, figs. 18-20,
1839.
H. B. Brady, Challenger Rept., Zoology, vol. 9, p.
429, pl. 54, figs. 4, 5, 1884.
Cushman. U.S. Nat. Mus. Bull. 71, pt. 2, p. 97, figs.
151 a-c (in text), 1911.
I

Outline subcircular or oval, biconvex, with
a broadly rounded peripheral border; chambers
rather few, short, and hiflated, the surface
depressed at the sutures; wall calcareous, per-

Fissurina laevigata Reuss, Akad. Wiss. Wien Denkechr.,
vol. 1, p. 366, pl. 46, fig. 1, 1849.
·
Lagena laevigata (Reuss) Terrigi, Accad. pont. Nuovi Lin·
cei Atti, vol. 33, p. 177, pL 1, fig. 6, 1880.
H. B. Brady, Challenger Rept., Zoology, vol. 9, p. 473,
pl. 114, figs. 8 a, b, 1884.
Cushma.n, U. S. Nat. Mus: Bull. 71, pt. 3, p. 7, pl. 2,
fig. 1, 1913.

Test subglobose, compressed, somewhat pyriform in front view, elliptical in cross section;
wall smooth, transparent in thin specimens or
opaque in more thickened ones, along the lateral margins usually clear, even in thickened
specimens; aperture elongate, fairly narrow,
connecting with the interior by a fairly long
entosolenian neck. Length 0.45 mill~eter~
A single specimen from station 6451 (Mint
Spring Bayou, Vicksburg, Miss.) can be referred to this species. It is small and has the
characteristic shape.
Lagena striata (D'Orbigny) Reuss var. substriata
Williamson.
Plate XXIX, figure 10.
Lagena substriata Williamson) Annals and Mag. Nat. Hist.,
2d ser., vol. 1, p. 15', pl. 2, fig. 12, 1848.
Lagena vulgaris var. substriata Williamson, Recent Foraminifera of Great Britain, p. 7, pl. 1, fig. 14, 1858.
Lagena striata (D'Orbigny) Reuss·var. substriata Williamson. Cushman, U.S. Nat. Mus. Bull. 71, pt. 2, p.
20, pl. 8, figs. 1-3, 1913.

Variety differing from the typical species in
the more elongate body, long tapering neck,
costulate surface .extending up onto the neck,
often to its e1id, and usually spirally arr~nged ,
on tb:e neck. Length 0.4 to 0.5 millimeter.
A single very typical specim.en of this variety
was found at station 7671, "BroWn.'s Cave,"
Leaf River, Miss. The neck is somewhat
broken, but the general form of the test and
the ornamentation are those of the variety.
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Lagena orbignyana (Seguenza) H. B. Brady var. flintii
Cushman, n. var.

numerous chambers, slightly inflated toward
the apical end but later ones becoming more
Plate XXIX, figure 11.
inflated; sutures oblique; aperture rt:tdiate,
Lagena castrensis Flint (not Schwager), U. S. Nat. Mus. slightly eccentric, somewhat elongate; surface
Ann. Rept. for 1897, p. 308, pl. 54, fig. 5, 1899.
smooth. Length 3 millimeters or more.
Single specimens of this species were found
Variety with a secondary keel at each side
at
two stations:
near the periphery and a series of two or three
concentric lines of lacunae or pitted areas of
6451. Mint Spring Bayou, Vicksburg, Miss.
7671. "Brown's Cave," Leaf River, Miss.
uniform size inside the inner carina, the central part of the test being nearly smooth.
Nodosaria filiformis D'Orbigny.
Length 0.45 millimeter.
Plate XXX, figures 1-3.
Type specimen from station 644 7, Glass
Nodosaria filijormis D'Orbigny, Annales sci. nat., vol. 7,
Bayou, Vicksburg, Miss. This is verysimilar to
p. 253, No. 14, 1826.
specimens from off the eastern coast of the
H. B. Brady, Challenger Rept., Zoology, vol. 9, p.
United States figured by Flint, as cited above.
500, pl. 63, figs. 3-5, 1884.
Cushman, U. S. Nat. Mus. BulL 71, pt. 3, p. 55, pl.
The ornamentation is much more distinct on
27, figs. 1-4, 1913.
· the peripheral portion than in the center, which
is nearly smooth·.
T~st elongate, slender, arcuate; chan1bers
numerous, .elliptical or ovate, elongate, tumid,.
Lagena hexagona (Williamson) Siddall.
sutures usually oblique; chambers increasing
Plate XXIX, figure 12.
in length toward the a pertural end; aperture
Entosolenia squamosa Montagu var. hexagona Williamson, radiate,
slightly eccentric; wall smooth.
Annals and Mag. Nat. Hist., 2d ser., vol. l, p. 20, Length 5 millimeters or less.
pl. 2, fig. 23, 1848; Recen~ Foraminifera of Great
Specimens showing a few chambers which
Britain, p. 13, pl. 1, fig. 31, 1858.
seem
to belong to this species were collected at
Lagena hexagona (Williamson) Siddall, Catalogue of
three stations:'
British Recent Foraminifera, p. 6, 1879.
H. B. Brady, Challenger Rept., Zoology, vol. 9, p.
472, pl. 58, figs. 32, 33, 1884.
Cushman, U. S. Nat. Mus. Bull. 71, pt. 3, p. 17, pl.
6, figs. 2, 3, 1913.
·

6448. Glass Bayou, Vicksburg, Miss.
6451. Mint Spring Bayou, Vicksburg, Miss.
7671. "Brown's Cave," Leaf River, Miss.

They are elongate, cylindrical, and slightly
oTest subglobular, broadly rounded at the
contracted at the ends, and the apertural end,
apical end, bluntly pointed at the apertural where shown, is long and tapering.
end, surface ornamentation consisting of a
Nodosaria obliqua (Linnaeus) H. B. Brady.
reticulate pattern, the areoles of which are
hexagonal, either arranged in vertical rows or
Plate XXX, figures 6, 7.
irregular. Length 0.5 millimeter.
Nautilus obliquus Linnaeus, Systema naturae, lOth ed.,
The only record. for this speci~s in this lot
p. ~11, 1758; 13th ed. (Gmelin's), p. 3372, No. 14,
1788.
of material is from station 6452, Mint Spring
Bayou, Vicltsburg, Miss. It is similar to the Nodosaria obliqua (Linnaeus), li. B. Brady, Challenger
Rept., Zoology, vol. 9, p. 513, pl. 64, figs. 20-22,1884.
spec.imen I have figured. 3
Genus NODOSARIA

Lamarc~,

1812.

Nodosaria communis D'Orbigny.
Plate XXX, figure 4.·

Cushman, U. S. Nat. Mus. Bull. 71, pt. 3, p. 59, pl.
25, fig. 5, 1913.
Nodosaria (Dentalina) obliqua (Linnaeus) Parker and
Jones, Annals and 'Mag. Nat. Hist., 3d ser., vol. 3,
p. 482, 1859.

Test elongate, tapering, apical end often
with a spine; chambers numerous, in the early
portion not distinct, in the later portion tumid;
sutures depressed; surface ornamented with
numerous rounded costae, fairly broad, as
many as forty in the adult chambers of some
Test elongate, slender, tapering, straight or of the specimens, costae continuous pn the
more often slightly curved, compos~q of apical spine to the apertural end, additional
ones added between those already formed;
a Cushman, J. A., op. cit., pl. 6, fig. 2.
Nodosaria (Dentalina) communis D'Orbigny, Annales sci.
nat., vol. 7, p. 254, No. 35, 1826.
Nodosaria communis H. B. Brady, Challenger Rept.,
Zoology, vol. 9, p. 504, pl. 62, figs. 19-22, 1884.
Cushman, U.S. Nat. Mus. BulL 71, pt. 3, p. 54, pl. 28,
figs. 1, 2, 1913.
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aperture radiate. Length as much as 10 milli-·
Test large, closely coiled; chambers numermeters when complete.
ous, lenticular, biconvex; wall smooth,. thick;
Sp~cimens were present in material from peripheral margin rather acute but not disthe following stations:
tinctly carinate; apertures of all chambers of
visible test usually apparent. Length 1.5 ·
6452. Mint Spring Bayou, Vicksburg, Miss.
6647. Chickasawhay River 1! miles southwest of Boice, to 2 millimeters.
Miss.
Specimens that may be referred to this and
7671. "Brown's' Cave," Leaf River, Miss.
the following species .occurred in considerable
This is quite. possibly the same as the numbers at station 7671, "Brown's Cave," Leaf
species from the Byram marl noted as a" single River, Miss.
fragmentary specimen." 4
Nodosaria sp.?
Plate XXX, fig,ure 5.

There is a single specimen of Nodosaria
from station 7671 ("Brown's Cave," Leaf
- River, Miss.) which may possibly be the
ypung of Nodosaria obliqua but is here noted
and figured that it may be on record for comparisons )Vith forms from other horizons.
Genus

CRISTE~LARIA

Lamarck, 1812.

Cristellaria convergens? Bornemann.
Cristellaria conver.gens Bornemann, Deutsch. geol. Gesell.
Zeitschr., vol. 7, 1855, p. 327, pl. 13, figs. 16, 17.
H. B. Brady, Challenger Rept., Zoology, vol. 9, p. 546,
pl. 69, figs. 6, 7, 1884.
Cushman, U. S. Nat. Mus. Bull. 71, pt.- 3, p. 68, pl.
.
. 34, fig. 3, 1913.

Test oval, biconvex, closely coiled; chambers tria:J!gular, the last-formed one dr~wn
:out to a point at the apertural end; sutures
hardly visible, the chambers embracing to the
·umbo; wall smooth and thick. Length about
J millimeter.
Single specimens that seem to be at least
·questionably this_ species were found at two
:Stations:
6647. Chickasawhay River ll miles' southwest of Boice,
·
Miss.
7671. "Brown~s Cave,'' Leaf River, Miss.
Cristellaria rotulata (Lamarck) D'Orbigny.
Plate XXXII, figure 1.
Lenticulites rotulata Lamarck, Annales du Museum, vol. 5,
p. 188, No.-3, 1804; vo1.8, pl. 62, fig.ll, 1806.
Cristellaria rotulata (Lamarck) D'Orbigny, Soc. geol.
FranceMem., lstser., vol. 4, p. 26, pl. 2, figs.l6-18,
1840.
H. B. Brady, Challenger Rept., Zoology, vol. 9, p. 547;
pl. 69, figs. 13a, b, 1884.
Cushman, U.S. Nat. Mus. Bull. 71, pt. 3, p. 66, pJ. 35,
fig. 3, 1913.
• Cus};lman, J. A., U. S. Geol. Survey Prof. Paper 129, p. 93, 1922
,(Prof. Paper 129-'-E}.

Cristellaria cultrata (Montfort) ,Parker and Jones.
P~ate

XXXI, figure 8.

Robulus cultratus Montfort?, Conchyliologie systematique,
vol. 1, p. 214, 54e genre, 1808.
Cristellaria cultrata (Montfort) Parker and Jones, Philos.
Trans., vol. 155, p. 344, pis. 13, 17, 18; pl. 16, fig. 5,
1865.
H. B. Brady, Challenger Rept., vol. 9, p. 550, pl. 70,
figs. 4-6, 1884.
Cushman, U.S. Nat. Mus. Bull. 71, pt. 3, p. 64, pl.,29,
fig. 5, 1913. .
.
Robulina cultrata (Montfort) D'Orbigny, Annales sci. nat.,
vol. 7, p .. 287, No.1, Modeles, No. 82, 1826; Foraminiferes fossiles du bassin tertiaire de Vienne, p. 96,
pl. 4, figs. 14, 15, "1846.

Test very similar to that of 0. rotulata·, but
with the added character of a peripheral keel
of greater or less extent. Diameter 2 millimeters or less.
Specimens that may be considered 0. cultrata,
having a broader keel and somewhat different
shape, with fewer chambers than 0. rotulata,
occurred with that species at station 7671,
"Brown's .Cave," Leaf River, Miss .. ·
Cristellaria vicksburgensis Cushman, n. sp.
Plate XXXI, figures 6, 7.

Test composed of few chambers, seven to
eight in the visible coil; surface generally·
smooth, except on the sutures, which are
marked by rather broad, curved, raised ridges,
those near the earlier part of the coil broken
into rounded knobs, especially near the umbilical area, the later ones more continuous-;
periphery angled, the early portion .carinate;
apertural face smooth and somewhat concave
with acute projecting angles; aperture radiate
at the angle of the chamber. Length 0.65
to 1 millimeter.
Type specimen from station 664 7, Chickasawhay River 1-! miles southwest of Boice,
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Miss. This species was also found at station Polymorphina regina H. B. Brady, Parker, and Jones.
7671, "Brown's Cav~," Leaf River, Miss.
"Plate ~XX, figure 8.
This is undoubtedly the same as· the species
Polymorphina regina H. B. Brady, Parker,· ·and Jones,
found in the Byram marl and recorded without
Linnean Soc. London Trans., vol. 27, p. 241, pl. 41,
5
a specific name. I~ seems to be very constant
figs. 32a, b, 1870.
.
in its characters and can· be distinguished by
H. B. Brady, Challenger Rept., Zoology, vol. 9, p. 571,
pl. 73, figs. 11-13, 1884.
the peculiar ornamentation, the uncoiling of
Egger, K. bayer. Akad. Wiss. Munch~n Abh., Cl. 2,
the later portion of the test, and the concave
vol. 18, p. 310, pl. 9, figs. 45, 50, 51, 1893.
apcrtural face.
Millett, Roy. Micr. Soc. Jour., 1903, p. 265.
Genus VAGINULINA D'Orbigny, 1826.

Vaginulina legumen (Linnaeus) D'Orbigny var. elegans
·
(D'Orbigny) Fornasini.
Vaginulina legumen (Linnaeus) D'Orbigny var. elegana
(D'Orbigny) Fornasini, Soc. geol. italiana Boll.,
vol. 5, p. 25,· pl. 1, figs. 1?, 2-8, 1886. ,
Cushman, U. S. Geol. Survey Prof. Paper 129, p. 93,
pl. 17' fig. 1, 1922.

Bagg, Maryland Geol. Survey, Miocene, p. 478, pl.
133, fig. 7, 1904; U. S. Nat. Mus. Proc., vol. 34, p.
149, 1908.
Chapman, Quekett Micr. Club Jour., 2d ser., vol. 10,
p. 132, pl. 10, fig. 4, 1907 [1909]; Roy. Soc. Victoria
Proc., vol. 22, p. 281, 1910.
.
Cushman, U. S. Nat: Mus. Bull. 71, pt. 3; p. 91, pl.
41, figs. 6, 7, 1913.
Heron-Allen and Earland, Zool. Soc. London Trans.,
vol. 20, p. 673, 1915.
Cushman, U. S. Geol. Survey Bull. 676, p. 54, pl.
11, figs. 3, 4, 1918; U.S. Nat. Mus. Proc., vol. 56, p.
619, 1919; U. S. Geol. Survey Prof. Paper 129, pl.
18, fig. 4, 1922.

There is a single broken specimen of this
variety from station 644 7 (Glass Bayou,
Vicksburg, Miss.), similar in form to that
which I have seen from the Philippines. This
Test elongate, fusiform; chambers tumid,
has also been recorded from the Byram marl.
distinct, especially in the later portion; sutures
.
(\
deep; wall ornamented by numerous long~tu
Genus POLYMORPHINA D'Orbigny, 1826.
dinal costae, usually continuing unbroken
Polymorphina byramensis Cushman.
across several chambers; aperture radiate,
Polymorphina byramensis Cushman, U. S. Geol. Survey somewhat produced. Length 1 millimeter or
Prof. Paper 129, p. 94, pl. 17, figs. 2a, 2b, 1922.
.less.
This species was found at three of the Mint
Test short ·and broad, triangular, composed
Spring
marl stations, as follows:
·of a few chambers, usually only four, all except
6448. Glass Bayou, Vicksburg, Miss.
a :final fifth chamber extending back to the base
6452. Mint Spring Bayou, Vicksburg, Miss.
of the proloculum, forming a truncate test;
7671. "Brown's Cave," Leaf River, Miss.
chambers inflated; sutures deep and distinct;
\
It also occurs in the Byram marl and has
surface smooth; aperture radiate, only slightly
been recorded from the Miocene of the Coastal
produced. .Length 0. 75 millimeter or less.
This species, which is common in the Byram Plain of the United States, in the Cal.;.ert formamarl, has been found at all the stations in the tion of Chesapeake Beach, Md. (Bagg), and the
Mint Spring n1arl studied in this collection, as Duplin marl of Mayesville, S. C. (Cushman).
It is a fai.J;ly common species in reqent seas in .
follows:
the Indo-Pacific region. ·
6447, 6448. Glass.Bayou, Vicksburg, Miss.
6451, 6452. Mint Spring Bayou, Vicksburg, Miss.
6647. Chickasawhay River li miles southwest of Boice,

Miss.

Polymorphina problema D'Orbigny.

The specimens are very typical. A large
proportion of them have three or four chambers
with a triangular test, truncate at the base,
the fifth chamber when present being. added
at a higher le:vel.

Polymorphina (Guttulina) problema D'Orbigny, Annales
sci. nat., vol. 7, p. 266, No. 14, Modeles, No. 61,
1826.
Cushman, U.S. Geol. Survey Prof. Pap~r 129, P~ 94. pl.
18, fig. 1, 1922.
Guttulina problema D'Orbigny, Foraminiferes fossiles du
bassin tertiaire de Vienne, p. 224, pl. 12, figs. 26-28,
1846.

Cushman, J.A., u.S. Geol. Survey Prof. Paper 129, p. 93, 1922 (Prof.
faper 129-E).

Test. elongate, fusiform, cpmposed of few
chambers,. tumid; sutures slightly depressed;

7671.

6

"Brown's Cave," Leaf Riyer, Miss.

'
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apical end bluntly pointed, apertural end
tapering; surface smooth; aperture radiate.
Length 1 millimeter or less.
A few specimens have been collected in the
Mint Spring marl at the following stations:

Test elongate-oval, muc}J. compressed, composed of few chambers, which are elongate and.
narrow; sutures rather indistinct, not depressed; surface smooth; aperture somewhat
produced. Length 0.65 millimeter or less.
Elongate specimens somewhat like those
6452. Mint Spring Bayou, Vicksbtug, :Miss.
6647. Chickasawhay River ll miles southwest of Boice, figured in the paper on the Byram marl were
Miss.
found in the Mint Spring marl at the following
7671. "Brown's Cave," Leaf River, Miss.
stations:
Polymorphina gibba D'Orbigny.

6447, 6448. Glass Bayou, VicksbUrg, :Miss.
6451, 6452. Mint Spring Bayou, Vicksburg, Miss.
7671. ''Brown's Cave," Leaf River, Miss.

Polymorphina (Globulina) gibba D'Orbigny, Annales sci.
nat., vol. 7, p. 226, No. 20, Modeles, No. 63, 1826.
The specimens are very doubtfully identical
Polymorphina gibba H. B. Brady, Parker, and Jones (part),
Linnean Soc. London Trans., vol. 27, p. 216, pl. 39, with the species of Reuss.
·
figs. 2a-d, 1870.
Polymorphina e9ualis D'Orbigny.
H. B. Brady, Challenger Rept., Zoology, vol. 9, p. 561,
Plate XXXI, figtue 3.
pl. 71, figs. l2a, b, 1884.
Cushman, U. S. Nat. Mus. Bull. 71·, pt. 3, p. 85, pl. Polymorphina equalis D'Orbigny, Annales sci. nat., vol.
41, fig. 4, 1913; U. S. Geol. Survey Bull. 676, p. 11,
7, p. 265, No. 13, 1826.
pl. 2, fig. 4; p. 52, pl. 11, fig. 5, 1918; U. S. Geol.
Polymorphina aequalis D' Orbigny, Foraminiferes fossiles d u
Survey Prof. Paper 129, p. 93, pl. 17, fig. 3, 1922. ·
bassin tertiaire de Vienne, p. 227, pl. 13, figs. 11, 12.
1846.
.
Test rotund, in front view nearly circular, in
Polymorphina
gibba
var.
aequalis
H. B. Brady, Parker, and
end view broadly oval; chambers few, disJones, Linnean Soc. London Trans., vol. 27, p. 216,
tinct; sutures distinct, but little if at all excapl. 39, figs. 2c, d, 1870.
0
·

vated; wall smooth and translucent; aperture
slightly produced, radiate. De~gth 0. 75 millimeter or less.
Very rotund specimens which are here referred to this species were found in the Mint
Spring marl at the following stations:

Test compressed, broadly oval; periphery
rather evenly curved, rounded, composed of
few chambers; sutures distinct but very slightly
depressed; wall smooth; aperture radiate.
Length 0. 7 to O.S millimeter.
This species described by D'Orbigny occurs
6447. Glass Bayou, Vicksburg, Miss.
sparsely
in the Mint Spring marl at two sta6451. Mint Spring Bayou, Vicksbtug, Miss.
tions:
6647. Chickasawhay River It miles southwest of Boice,

Miss.
7671. ''Brown's Cave," Leaf River, Miss.

6448. Glass Bayou, Vicksbtug, Miss.
6451. Mint Spring Bayou, Vicksbtug, Miss.

This species also occurs in the Byram marl,
Polymorphina advena Cushman, n. sp.
and I have recorded it from the Pliocene
Plate XXXI, figtue 4.
Caloosahatchee marl on Shell Creek, Fla., and
Test much compressed, broadly ovate; chamfrom the Miocene Calvert formation at Chesabers numerous, elongate, alternating, much the
peake Beach, Md. (Bagg), and Duplin marl at
broadest near the peripheral end; sutures
Mayesville, S. C.
slightly depressed; surface ornamented with
numerous
fine l<.:mgitudin·al costae, except the
Polymorpbina amygdaloides (Reuss) Reuss?
last-formed one of two chambers, which are·
Globulina amygdaloides Reuss, Deutsch. geol. Gesell. smooth, at lea,st at. the apertural end; aperture
Zeitschr., vol. 3, p. 82, pl. 6, fig. 47,1851.
radiate. Length 1 millimeter.
Polymorphina amygdaloides (Reuss) Reuss, Akad. Wiss ..
Type specimen from station 6451, Mint
Wien Sitzungsber., vol. 18, p. 250, pl. 8, fig. 84,
Spring
Bayou, Vicksburg, Miss.
1855.
H. B. Brady, Challenger R~pt., Zoology, vol. 9, p. 560,
This species is an unusual one for this genus,
pl. 71, fig. 13(?), 1884.
appearing much more like a Bolivina, but it
Bagg, U. S. Nat. Mus. Proc., vol. 34, p. 148, 1908.
has
the characteristic aperture of Polymorphina.
Cushman, U. S. Nat. Mus. Bull. 71, pt. 3, p. 85, pl.
It
is
perhaps closest related to Polymorphina
41, fig. 5, 1913; U. S. Geol. Survey Prof. Paper 129,
complanata
D'Orbigny.
p. 95, pl. 18, figs. 2a, 2b, 1922.
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P?lymorphina cuspidata H. B. Brady.

Polymorphina spinosa (D'Orbigny) Egger.

Plate XXX, figures 9, 10.
Polymorphina sororia Reuss var. cuspidata H. B. Brady,
Challenger Rept., p. 563, pl. 71, figs. 17-19; pl. 72,
fig. 4, 1884.

Test elongate, fusiform, composed of a 'few
chambers, initial end with a prominent sharp,
elongate spine, apertural end bluntly pointed;
surface smooth; sutures somewhat depressed;
aperture radiate. Length 1.5 millimeters or
less.
There are several specimens from station
644 7 (Glass Bayou, Vicksburg, Miss.) which
are very close to this form as figured by Brady,
in the Challenger report. The relation of this
form toP. sororia Reuss seems very problematic, and I have given it specific rank. It is
also represented in the Mint Spring marl by the
variety described below.
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Plate XXXI, figure 5.
Globttlina ·spino8a D'Orbigny, Foram.iniferes fosSiles du
bassin tertiaire de Vienne, p. 230, pl. 13, figs. 23, 24,
184(3.
Polymorphina spinosa (D'Orbigny) Egger, Neues Jahrb.,
1857, p. 292, pl. 14, figs. 9, 10,
H. B. Brady, Parker, and Jones, Linriean Soc. London Trans., vol. 27, p. 243, pl. 42, figs. 36a, b, 1870.

Test rounded, irregular; chambers few; surface covered with numerous short, projecting
spines which seem to be hollow where br?ken.
Length 1 millimeter or less.
·
Rare specimens were obtained at the follow·
ing stations:
6447.
6451.
6647.
Miss.
7671.

Glass Bayou, Vicksburg, Miss.
Mint Spring Bayou, Vicksburg, Miss.
Chickasawhay River It miles southwest of Boice,
"Brown's Cave," Leaf River, Miss.

This. species was originally described by D'OrPolymorphina cuspidata H. B. Brady var. costulata
bigny from specime11s collected in the Vienna
Cushman, n. var.
Basin, and the specimens from the Mint· Spring
Plate XXXI, figure 1.
marl, except that they are more irregular in
form,
agree at least in the ornamentation of the
Variety differing from the typical species in
surface.
'the surface ornamentation, which consists of a
few longitudinal costae,' rather widely sepaGenus UVIGERINA D'Orbigny, 1826.
rated from each other.
Uvigerina byramensis Cushman.
Type specimen from station 6452, Mint
Uvigerina byramensis Cushman, U. S. Geol. Survey Prof.
Spring Bayou, Vicksburg, Miss.
Paper 129, p. 95, pl. 18, fig. 5, 1922.
Polyrnorphina vicksburgensis Cushman, n. sp.
Plate XXXI, figure 2.

p

•

Test minute, elongate, somewhat fusiform,
initial end pointed; chambers numerous, distinct; sutures depressed; surface ornamented
by longitudinal costae, rather thin and sharp;
the last-formed., chamber more distinct than
the rest, the inner side concave, the other two
sides slightly convex, giving a generally triangular ·section, the __.surface of the last-formed
chamber smooth; the a pertural end produced
into a short cylindrical neck with a slight lip,
'the aperture -circular. Length 0.25 to 0.40
millimeter.
This species, originally described from specimens collected in the Byram marl, has been
found at all but one of the stations in the Mint
Spring marl, as follows:

Test elongate, fusiform, broadest near the initial end, which is subcircular in transverse section, the later portion becoming compressed and
narrower, initial end bluntly pointed, or with a
short spine; chambers becoming shorter toward
the apertural ends in the adult; surface smooth,
or with very slight longitudinal costae; sutures
not depresseq but often standing out as clearer
areas in side view; aperture radiate. Length
1.5 millimeters or less.
Type specimen from station 6451, Mint
Spring Bayou, Vicksburg, Miss. This species
occurs also at station 6448, Glass Bayou, Vicksburg, Miss.
6447. Glass Bayou, Vicksburg, Miss.
This seems to be different from the other de6451, 6452. Mint Spring Bayou, Vicksburg, Miss.
scribed species of this genus and may be dis6647. Chicka.<:Jarpay River 1! miles southwest of Boice,
tinguished especially by the cuspidate initial Miss.
7671. "Brown's Cave," Leaf River, Miss.
end and the peculiar change in shape from the
rounded early portion to the narrow, com·The characters that distinguish this species
pressed last-formed portion.
seem to be very constant, and the last-formed
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This common species,. which has been rechambers, especially where they are not closeset, have the distinct triangular shape which corded in the Pliocene, Miocene, and Oligocene,
occurs in the Mint Spring marl at four stations,
characterizes the type specimens.
as follows:
Uvigerina pigmea D'Orbigny.

,..

6447. Glass .Bayou, Vicksburg, Miss.
6451, 6452. Mint Spring Bayou, Vicksburg, Miss.
7671. "Brown's Cave," Leaf River, Miss.

Plate XXXIl, figure 2.

Uviger·ina pigmea, D'Orbigny, Annales sci. nat., vol. 7,
p. 269, pl. 12; figs. 8, 9, Modeles, No. 67, 1826.
Globigerina dutertrei D'Orbigny.
U'Vigerina pygmaea D'Orbigny, Foraminiferes fo~siles du
bassin tertiaire de· Vienna, p. 190, pl. 11, figs. 25, Globigerina dutertrei D'Orbigny, in De la Sagra, Histoire
26, 1846.
.
physique, politique et naturelle de l'lle de Cuba,
. H. B. Brady, Challenger Rept., Zoology, vol. 9, p'. 575,
Foraminiferes, p. 95, pl. 4, figs. 19-21, 1839.
pl. 74, figs. 11-14, 1884.
H. B. Brady, Challenger Rept., Zoology, vol. 9, p.
Cushman, U.S. Nat. Mus. Bull. 71, pt. 3, p. 96, pl. 42,
601, pl. 81, figs. la-c, 1884.
·
fig. 1; pl. 44, fig. 5, 1913; U. S. Nat. Mus. Bull. 103,
, Cushman, U. S. Nat. Mus. Bull.. 71, pt. 4, p. 8, 1914.
p. 63, pl. 22, fig. 4, 1918; U. S. Geol. Survey Bull.
Test rounded, the· dorsal side slightly con676, p. 55, 1918.
/

vex, the ventral side more strongly convex,
composed of about three whorls, th:e last one
consisting· of four to five chambers, much
inflated, especially the later ones, umbilicate;
aperture comparatively small, a single arched
opening near the umbilical edge of .the lastformed chamber. Diameter 0.60 millimeter
or less.
Specimens apparently belonginl to this
species, which D'Orbigny described from mateGlaes Bayou, Vicksburg, Miss.
rial collected in the West Indies, occurred at
Mint Spring Bayou, Vicksburg, ·Miss. ·
three stations, as follo~s:
Chickasawhay River lt miles southwest of Boice,

Test subcylindrical, triserially spiral; cham-:bers numerous, inflated; sutures deep; . wall
ornamented by numerous longitudinal costae,
those of each chamber usually independent of
those of adjacent chambers; aperture with a
short cylindrical neck and phialine lip. Length
0.75 to 1 millimeter.
Specimens that may be referred to this
species were found at the following stations;
6447.
6452.
6647.
Miss.
7671. "Brown's

Cav~, n

Leaf River, Miss.

6451. Mint Spring Bayou, Vicksburg, Miss.
6647. Chickasawhay River 1! miles southwest of Boice,
Miss.
7671. "Brown's Cave," Leaf River, Miss.

It has occurred in the Miocene of Maryln.nd
(Bagg), and· in the St. Marys ( ~) formation
Family ROTALUDAE.
in a well at Norfolk, Va. (depth 645 feet). I
Genus SPmiLLINA Ehrenberg, 1841.
have also recorded it from the Culebra forma'
tion of the Canal Zone, and it may occur in Spirillina. limbata H. B. Brady var. bipunctata Cushman,
the Miocene of the Gatun formation of the
n. var.
Canal Zone.
Plate XXXII, figures 3-5.
I

Fhmily GLOBIGERINIDAE.
Genus

GL~BIGERINA

D'Orbigny, 1826.

Globigerina bulloides D'Orbigny.

Globigerina bulloides D'Orbigny, Annales sci. nat., vol.
'7. p. 277, No. 1, Modeles, Nos. 17 and 76, 1826.
H. B. Brady, Challenger Rept., Zoology, vol: 9, p. 593,
pl. 77; pl. 79, figs. 3-7, 1884.
Cushman, U. S. Nat. Mus. Bull. 71, pt. 4, p. 5, pl. 2,
figs. 7-9; pl. 9, 1914; U. S. Nat. Mus. Bull. 103,
p. 64, 1918; U. S. Geol. Survey •Bull. 676, p. 12,
pl. 3, fig. 2; p. 56, pl. 3, figs. 4, 6, 1918; Carnegie Inst.
Was)lington Pub. 291, p. 38, 1919; U. S. Geol.
Survey'Prof. Paper 129, p. 95, pl. 19, figs. 1-3, 1922.

Test very similar in general to that of
Spirillina limbata but differing in the character
of the ornamentation,· the area of the dorsal
surface being ornamented in the adult of this
variety by a double series of deep punctations
inside ·the raised carina.
Type specimen from sta~ion 664 7, Chickasawhay River It miles southwest of Boice,
Miss. This variety is also present in the Mint
Spring marl at the following stations:
6447. Glass Bayou, Vicksburg, Miss.
6451, 6482. Mint Spring Bayou, Vicksburg, Miss.
7671. ''Brown's Cave," Leaf River, Miss.

Test subglobose, spiral, made up of a few
In recent seas S. limbata is known from the
inflated chambers, all visible from the dorsal
side, three to four visible from the ventral side; Pacific, being one of the forms that are characteristic of the Indo-Pacific region, and it is also
sutures deep, surface reticulate.
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characteristic of the lower Oligocene of the
Coastal Plain of the United States.
The young of this species has only a single
row of pits, becoming double in the adult.
The ornamentation of the ventral side is shown
in figure 5.
Genus PATELLINA Williamson, 1858.

Patellina advena Cushman, n. sp.
Plate XXXI, figure 9.

Test plano~convex, early portion composed
of chambers spirally arranged, later ones
elongate and be~oming nearly alUlular; chambers partly divided by numerous longitudinal
internal septa, visible from the exterior, forming what seems to be a radiating pattern;
ventral side with numerous radiating lines.
Diameter 0.4 millimeter.
Type specimen from station 6452, Mint
Spring Bayou, Vicksburg, Miss.
This species differs from Patellina corrugata
Williamson in the much finer division by
internal septa. The spire is low, making a
broad, flaring test.
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Discorbis bertheloti (D'Orbigny) Cushman.
Plate XXXII, figure 7.
Rosalina bcrtheloti D'Orbigny, in Barker, Webb, and
Berthelot, Histoire natmelle des iles Canaries, vol.
2, pt. 2, Foraminiferes, p. · 135, pl. 1, figs. 28-30,
1839.
Discorbis bertheloti (D'Orbigny) Cushman, U. S. Nat.
Mus. Bull. 71, pt. 3, p. 20, pl. 7, fig. 3, 1913; U. S.
Geol. Survey Bull. 676, p. 58, pl. 15, figs. 1-3, 1918.
Discorbina bertheloti (D'Orbigny) H. B. Brady, Linnean
Soc. London Trans., vol. 24, p. 469, pl. 48, figs. lOa, b,
1864; Challenger Rept., Zoology, vol. 9, p. 650, pl. 89,
·figs. 10-12, 1884.

Test unequally biconvex, usually six: to
seven chambers in the last-formed coil, dorsal
side usually':flatten·ed, ven,tral side more convex;
sutures curved, fairly distinct on both sides,
occasionally slightly limb ate; aperture usually
extending into the dorsal side so that a portion of the aperture is peripheral. Diameter
0.80 millimeter or. less.·
This species occurs at two Mint Spring marl
stations:
6451, 64.52. Mint Spring Bayou, Vicksburg, Miss.

I have also recorded it from the Miocene of
the Coastal Plain in the Choctawhatchee marll
mile south of Red Bay, Fla.; in the Duplin
Plate XXXII, figme 6.
marl ( ~) of South Carolina (locality unknown);
Rosalina auracana D'Orbigny, Voyage dans 1' Amerique
meridionale, Foraminiferes, p. 44, pl. 6, figs. 16-18, and in the Yorktown formation at Suffolk, Va.
Genus DISCORBIS Lamarck, 1804.

Discorbis auracana (D'Orbigny) Cushman.

~
1839.
Discorbis auracana (D'Orbigny) Cushman, U. S. Nat. Mus.
Bull. 71, pt. 3, p. 15, pl. 9; fig. 3; fig. 15 (in text).
Discorbina auracana (D'Orbigny) Parker. and Jones, Geol.
Soc. London Quart. Jour., vol. 28, p. 115, 1872.
H. B. Brady, Challenger Rept., Zoology, vol. 9, p. 645,
pl. 86, figs. 10, 11, 1884.

Test small, plano-:-convex, dorsal side slightly
convex, ventral side flat or slightly concave,
peripheral margin rather acutely rounded;
chambers six to nine in the last-formed whorl;
sutures slightly d~pressed, often limbate with
clear shell material; early chambers often
carinate with similar material; wall finely
punctate; aperture a narrow curved slit at the
margin of the ventral side of the chamber;
color brownish, especially in the earlier chambers. Diameter 0.3 to 0.5 millimeter.
Specimens that ar~ referred to this species
were rare at a single station, 644 7, Glass
Bayou, Vicksburg, Miss. The sutures are
limbate, and the last-formed chamber has a
projecting lip above the aperture.

Gen~s

TRUNCATULINA D'Orbigny, 1826. ·

Truncatulina lobatula (Walker and Jacob) D'Orbigny.
Nautilus lobatuhts Walker and Jacob, Adams's Essays on
the microscope, Kanmacher's ed., p. 642, pl. 14,
fig. 36, ,1798.
Tnmcatulina lobatula (Walker and Jacob) D'Orbigny, in
Barker, Webb, and Berthelot, Histoire naturelle des
iles Canaries, vol. 2, pt. 2, Foraminiferes, p. 134,
pl. 2, figs. 22-24, 1839; Foraminiferes fossiles du
bassin tertiaire de Vienne, p. 168, pl. 9, figs. 18-23,
1846.
H. B. Brady, Challenger Rept., Zoology, vol. 9, p. 660,
pl. 92, fig. 10; pl. .93, fig. 1, 1884.
Cushman, U. S. Geol. Survey Bull. 676, p. 16, pl. 1,
fig. 10; p. 60, pl. 17, figs. 1-3; U. S. Geol. Survey
Prof. Paper 129, p. 26, pl. 20, figs 1-3, 1922.

Test plano-convex, flattened on the ventral
face, moderately convex dorsally, peripheral
rriargin rounded; chambers numerous, seven
or eight in the last-formed whorl; sutures
depressed, especially· on the dorsal face; wall
smooth, punctate.
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Sgecimens were obtained at five of the siX similar in this respect in most specimens; s\1Mint Spring marl stations, as follows:
tures distinct, slightly limbate on the dorsal
side, depressed on ~he ventral side; ,wall smooth,
6448. Glass Bayou, Vicksburg, Miss.
6451, 6452. Mint Spring Bayou, Vickshurg, Miss.
punctate, aperture peripheral with a slight lip.
6647. Chickasawhay River It miles southwest of Boice, Diameter 0. 75 millimeter or less.
.
Miss.
Small specimens of this species with a slightly
7671. "Brown's Cave," Leaf River, Miss.
broader form than the typical occur in the
This species is common both in the Tertiary Mint Spring marl at the following stations:
and in the present oceans.· I have recorded
6447, 6448. Glass Bayou, Vicksburg, Miss.
it from the Pliocene and the Miocene of the
6451, 6452. Mint Spring Bayou, Vic.ksburg, Miss.
Coastal Plain of the United States and the
This species is found in the · Miocene and
Oligocene (Byram marl) at Byra:in~ Miss.
Oligocene of the Coastal Plain and in the upper
Oligocene of the Canal Zone.
·
Truncatulina byramensis Cushman.
Truncatulina -byramensis Cushman, U. S. Geol. Survey
Prof. Paper 129, p. 96, pl. 20, figs. 4-6, 1922.

Test plano-convex, dorsal side slightly convex, ventral side flattened, peripheral margin
subcarinate; about eight chambers in the lastformed whorl) chambers on the ventral side
failing to reach the center of the test, leaving
a definite umbilical area, which is filled with
clear shell material; on the dorsal ·side each
chamber at its inner border has the angles
somewhat produced and a broad, rounded
reentrant near the middle; on the ventral side
the inner half of the chamber is rather intricately lobed, the chambers themselves of
-lighter color; the sutures darker, of clear shell
ID:aterial; ·surface finely granular; aperture an
elongate opening at the base of the last-formed
chamber near its inner :ventral border: Diameter 0.35 to 0.75 millimeter.
Specimens of this. species were collected at
the following stations:

"I

Truncatulina pseudoungeriana Cushman.
Truncatulina ungeriana H. B. Brady (not Rotalina ungeriana D'Orbigny, 1826}, Challenger Rept., Zoology,
vol. 9, pl. 94, figs. 9 a-c, 1884. ·
Cushman, U. S. Nat. Mus. Bull. 103, p. 69, pl. 24, fig.
1, 1918.
Truncatulina pseudoungeriana Cushman, U. S. Geol. Survey Prof. Pap~r 129, p. 97, pl. 20, fig. 9, 1922.

Test biconvex, almost equally so, periphery
subacute; chambers nine to eleven in the lastformed whorl, those. of the earlier whorls not
showing on either the ventral or the dorsal
side, on the dorsal because they are hidden by
the roughness of the surface, and o~ the ventral
because of. the involute character; periphery
lobulate; sutures distinct above in the last
whorl and very distinct below, as the sutures
are somewhat tumid on the~ ventral side; umbilical region filled nearly flush with the chambers by clear shell material, ·last few chambers
on the dorsal side slightly above the surface on
the inner margin; surface dorsally with coarse
punctae,
below smooth and more finely punc6451, 6452. Mint Spring Bayou, Vicksburg, Miss.
tate; aperture at the periphery. Diameter
6447, 6448. Glass Bayou, Vicksburg, Miss.
This species was described from specimens 1 millimeter or less.
Specimens of this species were common in
obtained in the Byram marl, where it is comthe
Mint Spring marl at station 6647, Chickamon. It is a peculiar species, easily distinRiver 1-\ miles southwest of Boice,
sawhay
guished by the linusuallobed chambers.
Miss. It occurred more rarely at the following
Truncatulina americana Cushman var.
stations:
Truncatulina americana Cushman, U. S. Geol. Survey
Bull. 676, p. 63, pl. 20, figs. 2, 3; pl. 21, fig. 1, 1918;
U. S. Nat. Mus. Bull. 103, p. 68, pl. 23, figs. 2 a-c,
1918; U. S. Geol. Survey Prof. Paper 129, p. 97,
p~. 20, figs. 7, 8, 1922.

Test plano-convex, dorsal side nearly flat,
ventral side slightly convex; chambers numerous, ten to fifteen in the last-formed coil, rather
rapidly increasing in size, peripheral margin
subangular, dorsal side with the last few chambers failing to meet the umbilicus, ventral side

6447. Glass Bayou, Vicksburg, Miss.
•
6451. Mint Spring Bayou, Vicksburg, Miss.
7671. "Brown's Cave," Leaf R1ver, Miss.

Truncatullna vicksburgensis Cushman, n. sp.
Plate XXXV, figures 7, 8.

Test plano-convex, dorsal si'de with the
sutures very obscure, low-spired, periphery
subacute, ventral side with a central raised
area and the inner angle of each chamber ending in a raised knob, ventral side of the cham\

,
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hers somewnat irregularly granular, especially
toward the inner margin; otherwise the cham·bers are not distinct from one another. Diameter 0.50 to 0.60 millimeter.
Type specimen from station 6448, Glass
Bayou, Vicksburg, Miss.
This differs from the other species of the
genus found in the lower Oligocene of the
Coastal Plain in its form, its indistinct chambers, and the peculiar ornamentation of the
ventral side.
,
Genus ANOMALINA D'Orbigny, 1826.

Anomalina bilateralis Cushman.
Anomalina bilateralis Cushman, U. S. Geoi. Survey Prof.
~.... .
P aper 129 ,,p. 97 , p l . 21 , fi gs.· 1 , 2 , 1"?2

Test of about four coils, bilateral or nearly·
so, composed of numerous chambers, ten or
more in the last-formed whorl, umbilical region
on both sides with a knob of clear shell material,
more pronounced o~ the dorsal side; chambers
smooth bu·t coarsely punctate, more coarsely
so on the ventral side; sutures broad and somewhat limbate with clear shell material; aperture a narrow curved opening at the base of
the final chamber. Diamet~r 1 millimeter or
less.
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ventral finely punctate and not so clear; aperture a curved opening at the inner margin at
the periphery. Length 0.25 to 0.35 millimeter;
breadth 0.20 to 0.30 millimeter.
This small species is fairly common in the
Byram marl and is common' in the Mint Spring
marl at all the stations, as follo~s:
6447,
6451,
6647.
Miss.
7671.

6448. Glass Bayou, Vicksburg, Miss.
6452. Mint Spring Bayou, Vicksburg, Miss.
Chickasawhay River ll miles southwest of Boice,.
''Brown's Cave," Leaf River, Miss.

Anomalina vicksburgensis Cushman, n. sp.
Plate XXXV, figures 5, 6.

Test unequally biconvex, dorsal side more
flattened than the ventral; chambers numerous, ten to twelve in the last-formed coil;
sutures slightly limbate; periphery rounded,
not lobulate; wall between the sutures finely
granular or punctate, ventral side with a clear
mass of shell material at the umbilicus. Diameter 0.35 millimeter.
Type specimen from station 6452, Mint
Spring Bayou, Vicksburg, Miss. This is a
peculiar species of the genus; it is rare at the
type station and was not found in any other
Mint Spring material.

This is one of the species described from
Genus SIPHONINA R.euss, 1849.
specimens collected in the Byram mar], where
it was rare, at least at the type station. In
Siphonina advena Cushman.
the Mint Spring marl it occurred sparsely at the Siphonina advena Cushman, U. S. Geol. Survey Prof."'
following stations:
Paper 129, p. 98, pl. 22, figs. 1-2, 1922.
G448. Glass Bayou, Vicksburg, :Miss.
Test unequally biconvex, dorsal side usually
6451. Mint Spring Bayou, Vicksburg, Miss.
less convex than the ventral; p·eriphery sub6647. Chickasawhay River 11 miles southwest of Boice,
acute; chambers in three or more coils, four
Miss.
7.671. ''Brown's Cave," Leaf River, ~1iss.
chambers making up the last-formed coil;
sutures distinct, on the dorsal side flush with
Anomalina mississippiensis Cushman.
the surface, on the ventral side slightly deAnomalina m1:ssissippiensis Cushman, U. S. Geol. Survey pressed, on the dorsal side somewhat broadProf. Paper 129 , P: 98 • pl. 21 , figs. 6-8, 1922 ·
ened and limbate, ventrally narrow; surface
Test small, pla~o-convex, of about two and smooth but punctate; apertU:re with a short
one-half coils, periphery slightly lobulate, neck, compressed, with a phialine lip and
bluntly rounded, dorsal side very much flat- elliptical aperture; color, even in the fossil
tened, even slightly concave, ventral side very specimens, somewhat brownish; wall thin and
convex; chambers comparatively few; six to translucent. Diameter 0.50 millimeter or less.
eight in the last-formed coil; sutures curved,
Specimens of this species· occurred at all six
on the dorsal side broad and limbate, even with of the Mint Spring marl stations, as follows:
the surface of clear shell rri.ateri~l, on the ven6447 , 6448 . Glass Bayou, Vicksburg, Miss.
tral side narrower and depressed; the last6451, 6452. Mint Spring Bayou, Vicksburg, Miss.
formed two or three chambers on the inner
6647. Chickasawhay River It miles southwest of Boice,
margin on the dorsal side slightly above the ·Miss.
general surface; wall thin and translucent,
7671. "Brown's Cave," Leaf River, Mise.
especially on the dorsQ.l side, smooth; on the
It was common in the marl at Byram, Miss.
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Genus GYPSINACarter, 1877.

Pulyinulina glabrata Cushman.

Gypsina rubra (D'Orbigny) Heron-Allen and. Earland.

Pulvinulina glabrata Cushman, U. S. Geol. Survey Prof.
Paper 129, p. 99, pl. 22 figs. 6, 7, 1922.

Planorbulina rubra D'Orbigny, Annales sci. nat., vol. 7,
p. 280, No.4, 1826.
Fornasini, Accad. sci. Ist. Bologna Mem., 6th ser.,
vol. 5, p. 44, pl. 2, fig. 3, 1908.
Gypsj,na rubra (D'Orbigny) Heron-Allen and Earland, Zool·
.
Soc. London Trans., vol. 20,·p. 725, pl. 53, figs. 35,37, 1915.Cushman, U. S. Geol. Survey Prof. Paper 129, p. 98,
pl. 22,fig. 3,1922.
.

This species, recorded from the Byram marl,
has also been found at three of the stations in
the Mint Spring marl, as follows:
6452. Mint Spring Bayou, Vicksburg, Miss.
6647. Chickasawhay River 11 miles southwest of Boice,
Miss.
7671. "~rown's Cave," Leaf River, Miss.

This is a species from the Indo-Piteifi.c which
occurs in the lower Oligocene of the Coastal
Plain of the United States.
Ge~u"s PULVINULINA Parker and Jones, 1862.

•

Pulvinulina byramensis Cushman.

Pulvinulina byramensis Cushman, U. S. Geol. Survey
Prof. Paper 129, p. 99, pl. 22, figs. 4, 5, 1922.

Test small, biconvex, rotaliform, consisting
of about three coils, seven to eight cha1nbers
in the last-formed coil; on the dorsal side
sutures oblique and at a considerable angle
with the periphery, s01newhat li1nbate; on the
ventral side the chambers extend in to the center, which is usually not un1bilicate; sutures
nearly straight; surface polished, punctations
appearing as light tubules against the translucent wall; aperture near the inner end of the
chamber on the ventral side with a definite
valvular lip,· the aperture hid de~ below· but
when examined found to be composed, in the
adult, o( several adjacent small rounded
openings. Diatneter 1 J) n1illimeters or less.
This species, which was described from
abundant specimens obtained in the Byram
marl at Byram, ,Miss., has occurred at all six
of the stations in the Mint Spring marl, as
follows:

Test biconvex, elongate, son1ewhat lobulate,
composed of about two coils, seven cha1nbers
in the last-formed one, dorsal side convex;
sutures; depressed, curved; chambers convex
between, rapidly increasing in size as added;
dorsal side very coarsely punctate, the sutures
Somewhat lirribate, Ventral side Uinbilicate;
surface smooth and with very fine punctations;
sutures distinct; last-formed chamber with a
long, straight valvular lip across the whole of
the depressed umbilicus; aperture beneath the
lip. Length 0.5 millimeter.
This species, which was rare in the marl at
Byram, Miss., has been found at four of the
stations in the Mint Spring marl, as follows:
6448. Glass Bayou, Vicksburg, Miss.
6451, 6452. Mint Spring Bayou, Vicksburg, Miss.
7671. "Brown's Cave," Leaf River, Miss.

It is in some ways related to the species
described and figured by Brady in the Challenger report as Discorbina ventricosa H. B.
Brady. It is more elongate than that form,
and the last-formed chamber especially gives
it an entirely different shape. It is one of the
n10st striking species in this lower Oligocene
material.
·
Genus ROTALIA Lamarck, 1804.

Rotalia byramensis Cushman.

Rotalia byramensis Cushman, U. S. Geol. Survey Prof.
Paper 129, p. 99, pl. 23, fig. 1, 1922.

· Test unequally biconvex, rotaliform, in the
last-formed coil six to seven chambers, dorsally with the chambers somewhat triangular;
sutures oblique, limbate, broad, of clear shell
material; ventral side with a large circular
mass in the umbilical region, with the sutures
deep and ending· iJ?, a depressed ring about it;
aperture with a somewhat ·valvular lip, often
divided into several teeth; surface on the dorsal side· somewhat roughened, on the ventral
side scrobiculate near the periphery, smoother
near the center; Diameter 2 millimeters or less.
Specimens that may be referred to this
6447, 6448. Glass Bayou, Vicksburg, Miss.
species
were found at stations 644 7 and 6448,
6451, 6452. Mint .Spring Bayou, Vicksburg, Miss.
6647. Chickasawhay River 11 miles southw:est of Boice; Glass Bayou, Vicksbu;rg, Miss.
Miss.
The species is perhaps closest to Rotq,lia
7671. "Brown's Cave," Leaf.River, Miss.
armata D'Orbigny. The chambers are triariAt many of these stations it is coronion and gular, and where there is a spinose projection
corresponds ,closely to the description given. it is at the angle rather than at the middle
portion of the chamber, as in R. armata.
above.
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Rotalia dentata Parker and Jones var. parva Cushman,
n. var.

umbilicate; wall smooth, punctate toward
the periphery; aperture a very narrow curved
opening a-t the base of the chamber, peripheral.
Plate XXXV, figures 1, 2.
Diameter 0.5 to 0.6 millimeter. ·
Variety differing from the typical. species in
Specimens that may be referred to this species
the size and the number of chambers, having
occurred at all but one of the Mint Spring
usually but five chambers in the last-formed
niarl stations, as follows:
coil, each with a single spine from the peri6447, 6448. Glass Bayou, Vicksburg, Miss.
phery at the center of each chamber. Diam64.52. Mint Spring Bayou, Vicksburg, Miss.
eter 0.65 millimeter.
6647. Chickasawhay River 1t miles southwest of Boice,
Type\ specimen from station 6451, Mint Miss.
Spring Bayou, Vicksburg, Miss. This also oc- , 7671. "Brown's Cave," Leaf River, Miss.
curs at· the following stations:
Specimens were not common, however, at
6447, 6448. Glass Bayou, Vicksburg, Miss.
6452. Mint Spring Bayou, Vicksburg, Miss.
Rotalia vicksburgensis Cusl!man, n. sp.

any of tb,ese stations. I 4ave already recorded
the species from the Miocene near Centerville, Md.

Plate XXXV, figures 3, 4.

Nonionina scapha (Fichtel and Moll) Parker and Jones.

Test spiral, dorsal side flattened, ventral Nautilus scapha Fichtel and )foil, Testacea microscopica,
p. 105, pl. 19, figs. d-f, 1803.
. side strongly convex, umbilicate, about eight
chambers in the last-formed coil; chambers Nonionina scapha (Fichtel and Moll), Parker and .Tones,
An:qals and Mag. Nat. Hist., 3d ser.,· vol. 5, p. 102,
distinct, inflat.ed; sutures distinct, slightly
No.4, 1860.
·
depressed; surface smootP., finely punctate.
H. B. Brady, Challenger Rept.., Zoology, vol. 9, p. 730,
Diameter 0.75 millimeter or less.
pl. 109, figs. 14, 15, 16?, 1884.
Cushman, U. S. Nat. Mus. Bun: 103, p. 73, pl. 25,
Type specimens from station 664 7, Chickafigs. 6a, b, 1918; U. S. Geol, Survey Prof. Paper
sawhay River· 1t miles southwest of Boice,
129, p. 100, pl. 23, figs. 5-7, 1922.
Miss. It also occurred at the following staTest in side view longer than wide, about
tions:
ten chambers in the last-formed coil, rapidly
6448. Glass Bayou, Vicksburg, Miss.
increasing in length as added; sutures evenly
6451, 6452. Mint Spring Bayou, Vicksburg, Miss.
7671. ''Brown's Cave," Leaf River, Miss.
curved, slightly' depressed; periphery broadly
This species is apparently related toR. solda- rounded, in apertural view the face of the lastnii D'Orbigny, but: it does not have nearly so formed chamber making up a large part of the
great a height, the line between adjacent visible surface; wall smooth, finely punctate,
whorls is not channeled, and in general it has somewhat umbilicate; aperture -an arched
slit at the base of the chamber. Length 0.60
a much more primitive form.
millimeter.
Family ·NUMMULITIDAE.
Specimens of this species were more common than those of J.l. umbilicatv,ln. They
Genus NONIONINA D'Orbigny, 1826.
occurred at all but one of the stations in the
Nonionina umbilicatula (Montagu) Parker, Jones, and
Mint Spring marl, as follows:
H. B. Brady.
Nautilus 'l.tmbilicatul1ts . Montagu, Testacea Britannica,
p. 191, 1803; Suppl., p. 78, pl. 18, fig. 1, 1808.
Nonionina umbilicatttla (Montagu) Parker, Jones, and
H. B. Brady, Annals and Mag. Nat. Hist., 4th ser.,
vol. 8, p. 242, pl. 12, fig. 157, 1871.
H. B. Brady, Challenger Rept., Zoology, vol. 9, p .. 726,
pl. 109, figs. 8, 9, 1884.
Cushman~ U. S. Geol. Survey Prof. Paper 129, p. 100,
pl. 23, figs. 3, 4, 1922.

644?, 6448. Glass Bayou, Vicksburg, Miss.
_
6451, 6452. Mint Spring Bayou, Vicksburg, Miss.
7671. "Brown's Cave," Leaf River, Miss.

I pave reco:rded the species as occurring In
the Gatun formation of the Canal Zone.
N onionina ad vena Cushman, n. sp.
Plate XXXII, :fig:ure 8.

Test biconvex, peripheral margin rounded;
Test small, circular in side view, biconvex;
chambers ten or more in the last-formed coil; periphery rounded, nine to eleven chambers in
sutures limbate but not depressed, deep, the last-formed coil, inflated; sutures curved,
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slightly sigmoid, the inner portion excavated
and bro•adened; umbilical region at each side
of the test occupied by a large projecting knob
of clear shell material; aperture at the base of
the last-formed chamber. Diameter 0.75 millimeter or less.
Type specimen from station 664 7, Chickasawhay River 11 miles southwest of Boice,
Miss. It also occurred at station 6447, Glass
Bayou, Vicksburg, Miss.
This is an unusual form and may perhaps
not belong to the genus Nonionina. It seems
more like some species of Polystomella, but
there appear to be n~ retral processes.

ing a gap; periphery square, lateral faces nearly
flat; the surface ornamented by a series of pits
in a more or less linear arrangement. Length
about 1 millimeter.
A single specimen, much like that from the
Byram marl, already described, occurred at
station 6451 (Mint Spring Bayou, Vicksburg,
Miss.), but this species was not found elsewhere
in the material from the Mint Spring marl.
Spiroloculina antillarum D'Orbigny.
Plate XXXIII, figure 1.

Spiroloculina antillarum D'Orbigny, in De la Sagra,
Histoire physique, politique et naturelle de l'lle de
Cuba, Foraminiferes, p. 166, pl. 9 figs. 3, 4, 1839.
Family MILIOLIDAE.
H. B. Brady, Challenger Rept., Zoology, vol. 9, p.
155, pl. 10, fig. 21, 1884.
Genus CORNUSPmA Schultze, 1854.
Cushman, U. S. Geol. Survey Bull. 676, p. 21, pl. 8,
Cornuspira involvens (Reuss) Reuss.
fig. 2, 1918.
.
Operculina involvens Reuss, Akad. Wiss. Wien Denkschr., Spiroloculina grata Terquem, Soc. geol. France Mem.,
3d ser., vol. 1, p. 55, pl. 5, figs. 14a-15b, 1878 (and
vol. 1, p. 370, pl. 45, fig. 30, 1849.
subsequent authors).
Cornuspira involvens (Reuss) Reuss, Akad. Wiss. Wien
. SitzungSber., vol. 48, p. 39, pl.1, fig. 2, 1863 (1864).
Test elongate, twice as ·long as broad;
H. B. Brady, Challenger Rept., Zoology, vol. 9, p. 200,
chambers subtriangular; peripheral margin
pl. 11, figs. 1-3, 1884.
Cushman, U. S, Nat. Mus. Bull. 71, pt. 6, p. 25, pl. 1, broadly rounded, ornamented by numerous
fig. 2; pl. 2, fig. 2, 1917; U. S. Geol. Survey Prof. longitudinal costae; a pertural .end extended.
Paper 129, p. 101, pl. 25, fig. 1, 1922·.
The costae are distinct and continue from one

Specimens similar to the tropical form of this end to the other of the chambers without any
trace of branching or anastomosing. Length
species occur at three stations, as follows:
1 millimeter or less.
6447. Glass Bayou, Vicksburg, Miss.
As noted in a paper on the receJ).t Foramini6451, 6452. Mint Spring Bayou, Vicksburg, Miss.
fera
from the shallow water of Jamaica6 this
The adults among these specimens are unlike the typical form of the species in having species, described by D'Orbigny from specimens
the last coil somewhat broadened and flattened, obtained in Cuba and other West Indian
giving somewhat the appearance of 0. carinata localities as 8. antillarum, is very similar to
(Costa). The species was recorded from the Terquem's S. grata, if not identical, and has
Byram marl, but thespecimens there were very priority of date. Specimens from the Mint
small, measuring only 0.~ millimeter. Some of Spring marl are very close_ to this form now
those from. the Mint Spring marl measure 2 living in the West Indies; they were found at
millimeters in diameter. This larger form of stations 6451 and 6452, Mint Spring Bayou,
the species is common in the shoal waters of the Vicksburg,. Miss.
Tropics, especially in the Indo-Pacific.
Genus SPffiOLOCULINA D'Orbigny, 1826.

Spiroloculina imprimata Cushman.

Genus VERTEBRALINA D'Orbigny, 1826.

Vertebralina sp.

A single specimen from station 6451 (Mint
Spring Bayou, Vicksburg, Miss.) is evidently
the young of a species of Vertebralina, but the
Test broad and flat, complanate, nearly cir- specimen is worn. and can not be .. specifically
cular in outline, composed of numerous cham- ~dentified.
bers, those of the last-formed coil failing to ex- &.Cushman, J. A., U.S. Nat. Mus. Proc., ·vol. 59, p. 63, pl. 14, figs.l4,
tend to the base of the preceding chamber, leav- 15, 1921.

Spiroloculina imprimata Cushman, U. S. Geol. Survey
Prof. Paper 129, p. 101, pl. 25, figs. 3a, 3b, 1922.
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Genus QUINQUELOCULINA D'Orbigny, 1826.

Type specimen from station 6451, Mint
Spring
Bayou, Vicksburg, Miss.
Quinqueloculina bicostata D'Orbigny.
This species in some ways resembles Q.
Quinqueloettlina bicostata D 'Orbigny, in De la Sagra, bicostata, but it is very elongate and slender,
Histoire physique, politique et naturelle de l'ile de and its general form is entirely different.
Cuba, Foraminiferes, p. 195, pl.,12, figs. 8-10, 1839.
Cushman, U.S. Nat. Mus. Bull. 71, pt. 6, p. 47, pl. 13,
Quinqueloculina vicksburgensis Cushman, n. sp.
fig. 1, 1917; U. S. Geol. Survey Prof. Paper 129, p.
Plate XXXIV, figure 6.
102, pl. 26, figs. 2-4, 1922.
Miliolina bicostata Heron-Allen and Earland, Zool. Soc. Quinqueloculina venusta Karrer? var., Cushman, U. S.
London Trans.; vol. 20, p. 572, pl. 42, figs. 42-45,
Geol. Survey Prof. Paper 129; p. 102, pl. 26, fig. 5,
1915.
1922.

The Mint Spring marl specimens referred to
this species are considerably longer than those
shown in D'Orbigny's type figures and resemble
more those specimens from the Byram marl
which I have referred to this species. These
pecimens came from the following stations:
6448. Glass Bayou, Vicksburg, Miss.
6451. Mint Spring Bayou, Vicksburg, Miss.
Quinqueloculina cuvieriana D'Orbigny.
Quinqueloculina. cuvieriana D'Orbigny, in De la Sagra,
Histoire physique, politique et naturelle de l'ile de
Cuba, Foraminiferes, p. 164, pl. 11, figs. 19-21, 1839.
Cushman, U.S. Nat. Mus. Bull. 71, pt. 6, p. 47, pl. 12,
fig. 2, 1917; U. S. Geol. Survey Prof. Paper 129,
p. 102, pl. 26, fig. 1, 1922.

Test ~lightly longer than wide; chambers
sharply angle<:\, those of the adult with a secondary carina at each side of the periphery of the
chamber; remainder of the surface smooth;
aperture somewhat elongated with a simple
tooth. Length 1 millimeter or less.
This species, which was found in the Byram
marl, also occurred sparsely in the Mint Spring
marl at the following stations:

Test much elongate, narrow; chambers distinct; basal end broadly rounded, projecting;
apertural end also projecting, forming a cylindrical neck and rounded aperture; periphery
of the test subacute; surface smooth, dull.
Length nearly 2 millimeters, width 0.5 millimeter.
Type specimens from station 644 7, Glass
Bayou, Vicksburg, Miss.
This is probably the same as the form recorded from the Byram marl as Q. venusta
Karrer~ var. It is a long, narrow species of
peculiar form, as shown in the figure.
Quinqueloculina glabrata Cushman, n. sp.
Plate XXXIV, figure 8.

Test elongate, elliptical in side view, basal
end of the chambers somewhat rounded;
aperture slightly extending beyond the preceding chamber, aperture ovate with a simple
tooth, tending to become bifid toward the tip;
periphery of the test with an outside carina,
the sides slightly concave; sutures distinct;
surface smooth but not shiny. Length 1.5
millimeters, breadth 0.75 millimeter.
6447. Glass Bayou, Vicksburg, Miss.
6452. Mint Spring Bayou, Vicksburg, Miss.
Type specimen· from station 6447, Glass
Bayou, Vicksburg, Miss. Several specimens
Quinqueloculina cookei Cushman, n. sp.
of this species were also found at stations 6451
Plate XXXIII, figures 2, 3.
and 6452, Mint Spring Bayou, Vicksburg,
Miss.
\
Test much elongate, somewhat fusiform;
This
species
is very constant in its characters
chambers narrow, wide-st near the base,
at
all
these
stations.
rounded, apertural end extended, forming a
subcylindrioal neck with a simple tooth and
Quinqueloculina lustra Cushman, n. sp.
slight lip; periphery of the test broad, carinate
Plate XXXIII, figure 6.
at each angle, slightly concave between the
carinae; sutures distinct; surface smooth,
Test broadly elliptical, somewhat com·shiny, except the carinae, which are dull. pressed; chambers broadly curved, of uniform
Length 1.5 millimeters or less, diameter 0.35 width, at the basal end slightly projecting, the
millimeter.
apertural end only slightly extending beyond
32333°--22----11
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Quinqueloculina seminulum (Linnaeus) D'Orbigny.
the outline of the chamber; surface smooth,
shiny; sutures not very distinct; aperture Serpula seminulum Linnaeus, Systema naturae, lOth ed.:
p. 786, 1758; 13th ed. (Gmelin's), pp. 37, 39, 1788.
nearly circular with a short, simple tooth.
Length 1.25 millimeter, breadth 1 millimeter. Quinqueloculina seminulum D'Orbigny, Annales sci. nat.,
vol. 7, p. 203, No. 44, 1826.
Type specimen from station 6448, Glass
Cushman, U. S. Nat. Mus. Bull. 71, pt. 6, p. 44,
Bayou, Vicksburg, Miss.
pl. 11, fig. 2, 1917.
This species has a peculiar rounded form, a Miliolina seminulum Williamson, Recent Foraminifera of
Great Britain, p. 85, pl. 7, figs. 183-185, 1858.
smooth, shiny surface, and the periphery
H. B. Brady, Challenger Rept., Zoology, vol. 9, p. 157,
slightly angled.
pl. 5, figs. 6a-c, 1884.

Quinqueloculina tessellata Cushman, n. sp.
Plate XXXIII, figure 8; Plate XXXIV, figure I..

Test somewhat longer than broad, smooth,
peripheral margins rounded; sutures distinct;
apert ural end not exserted; aperture fairly
large, oval, with a simple tooth becoming bifid
at the free end. Length 1.5 millimeters or
less.
Specimens that may be referred to this
common species were collected at three stations
in the Mint Spring marl, as follows:

Test elongate, fusiform, in transverse section
much angled; periphery rather sharply angled,
sides flat· ·and very slightly convex, apertural
end very little extended; sutures not very
distinct;· surface ornamented by longitudinal
rows of rather large pits, five or six rows on
each side of the iargest chamber. Length 1.25
6447. Glass Bayou, Vicksburg, Miss.
millimeters, breadth 0.5 millimeter.
6451, 6452. Mint Spring Bayou, Vicksburg, Miss .
. Type specimen from station 644 7, Glass
Quinqueloculina contorta D'Orbigny ..
Bayou, Vicksburg, .Miss. This form also ocPlate XXXIV, figures 2, 3.
curred ·at station 6451, Mint Spring Bayou,
Quinqueloculina
contorta D'Orbigny, Foraminiferes fossiles
Vicksburg, Miss. It was rare at both stations.
du
bassin
tertiaire de Vienne, p. 298, pl. 20, figs.
This is a peculiarly ornamented species,
406, 1846.
reminding.one somewhat of the pattern found
Test elongate, oval; chambers narrow, of
in some of the Miliolidae of the Eocene of the
uniform
width; periphery flattened, especially
Paris Basin.
in the middle; sides flat or slightly. concave,
very slightly if at all extended at the apertural
Quinqueloculina vulgaris D'Orbigny.
end;
aperture 'rounded with a simple tooth;
Plate XXXII, figures 9, 10.
sutures distinct; surface smooth, flattened,
Quinqueloculina vulgaris D'Orbigny, Annales sci. nat., periphery dull, sides somewhat glossy. Length
vol. 7, p. 302, No. 33, 1826.
1 millimeter or less.
Cushman, U. S. Nat. Mus. Bull. 71, pt. 6, p. -w,
. Specimens that can be referred to this species
pl. il, fig. 3, 1917.
were
fairly common at four stations in the
Miliolina vulgaris Heron-Allen and Earland, Zool. Soc.
London Trans., vol. 20, p.. 569, 1915.
Mint Spring marl, as follows:
6447, 6448. Glass Bayou, Vicksburg, Miss.
Test short and stout, about as long as
6452. Mint Spring Bayou, Vicksburg, Miss.
6451,
wide, in front view orbicular; chambers in
This
species was described by D'Orbigny in
transverse section roughly triangular, the
his
report
on the Foraminifera from the
periphery bluntly angled, sides straight or
Tertiary
Vienna
Basin. Our specimens are
slightly convex; sutures distinct, wall smooth;
to
those
figured by him.
very
similar
apertural end not contracted or produced;
aperture elongate, narrow, with a tooth bifid
Quinqueloculina lamarckiana D'Orbigny.
at the tip, in front view projecting slightly Quinqueloculina lamarckiana D'Orbigny, in De la Sagra,
above the border of the aperture. Length
Histoire physique, politique et naturelle de l'ile de
·about 0.75 millimeter.
Cuba, Foraminiferes, p. 187, pl. 11, figs. 14, 15,
1839.
Specimens were common in. the Mint Spring
Test short and broad; chambers with· a
marl at station 6448, Glass Bayou, Vicksburg,
sharp peripheral angle, sides slightly convex;
Miss., and less so at the following stations:
aperature not produced; sutures distinct; sur6447. Glass Bayou, Vicksburg, Miss.
face smooth and shiny. Length 1 millimeter.
6451, 6452. Mint Spring Bayou, Vicksburg, Miss.
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The only specimens from the Mint Spring
marl that can be referred to this species were
found at station 6447, Glass Bayou, Vicksburg,
Miss.
Genus ARTICULINA D'Orbigny, 1826.

Articulina

by~amensis

Cushman.

Articulina byramensis Cushman, U. S. Geol. Survey Prof.
Paper 129, p. 103, pl. 27, figs. 5, 6, 1922.

Test of two portions, a baS~al triloculine portion followed by a single linear chamber, the
earlier portion with the lip of the antepenultimate chamber standing out free at the base,
that of the penultimate chamber covered by
the base of the last-formed one, the last chamber rounded in transverse section or slightly
compressed, with a broadly flaring, slightly
downward curved lip; aperture rounded,
slightly longer than wide; surface of the test
with numerous longitudinal costae, sharp,
sometimes, especially in the final chamber,
anastomosing. Length 1.25 millimeters.
This species, which I have d~scribed and
figured from specimens obtained in the Byram
marl, also occurred in the Mint Spring marl at
stations 6451 and 6452, Mint Spring Bayou,
Vicksburg,· Miss. The specimens are very
similar to those from Byram, Miss., and show
the specific characters.
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Genus TRILOCULINA D'Orbigny, 1826.

Triloculina peroblonga Cushman, n. ·sp.
Plate XXXIV, figures 4, 5.

Test much elongate, periphery rounded;
chambers rounded at the base; the apertural
end coming to or extending slightly beyond the
base of the previous chamber; aperture rounded·
with a simple tooth and a slightly thickened
lip; sutures distinct; wall dull white, smooth.
Length 1.5 millimeters or less.
Type specimen from station 6451, Mint
Spring Bayou, Vicksburg, Miss.
One of the specimens figured shows the aperture at each end, the last-formed chamber
evidently having failed to cover the aperture
of the preceding chamber, an unusual occurrence in this group.
Triloculina sculpturata Cushman, n. sp.
Plate XXXIII, figures 4, 5.

Test about t~ce as long as wide; periphery.
rounded or truncate; sutures indistinct; surface
peculiarly sculptured, in general formed of longitudinal costae with broad surfaces, together
with irregular connections, forming areolae;
aperture rounded, with a simple tooth. Length
0~5 millimeter.
Type specimen from station 6451, Mint
Spring Bayou, Vicksburg, Miss. This species
Genus MASSILINA Schlumberger, 1893.
was also found at station 6447, Glass Bayou,
Vicksburg,
Miss.
Massilina d~,corata Cushman, n. sp.
In its quinqueloculine stage this species has a
Plate XXXIV, figure 7.
somewhat extended neck, but in its adult charTest much flattened, elliptical or .. oval, acter the aperture does not usually extend
slightly longer than wide, basal and apertura1 beyond the base of the previously formed
ends projecting, the apertural end narrowed to chamber.
a small cylindrical neck, nearly in the longiGenus BILOCULINA D'Orbigny, 1826.
tudinal axis of the test; sutures rather indisBiloculina ornata D'Orbigny.
tinct; surface dull white; periphery rounded,
the sides ornamented by very fine pits, giving
Plate XXXIII; figure 7.
a finely granular appearance to the test. Biloculina ornata D'Orbigny, Foraminiferes fossiles du
Length 1 millimeter or less.
bassin tertiaire de Vienne, p. 266, pl. 16, figs. 7-9,
Type specimens from. station 6647, Chicka1846.
sawhay River 1! miles southwest of Boice,
Test slightly longer than wide, each chamWayne County, Miss. This species also oc- ber broadest toward the basal end; aperture
curred at the following stations:
broadly rounded, the tooth somewhat bifid;
6452. Mint Spring Bayou, Vicksburg, Miss.
7671: "Brown's Cave," Leaf River, Miss.

surface smooth, dull. Length 0.40 millime.ter.
Specimens that may be referred to this species
This species in some ways resembles some occurred in the :Mint Spring marl at stations
of the specimens referred by Brady to Spiro- 6451 and 6452, Mint Spring Bayou, Vicksburg,
Miss.
loculina tenuis (Czjzek).

PLATES

XXIX-XXXV~

•
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PLATE XXIX.
FIGURE

1. Bolivina cookei Cushman, n. sp.

Front view of type specimen, X I20. Station 6647, Chickasawhay River
It miles squthwest of Boice, Miss.
2. Bolivina viclcsburgensis Cushman, n. sp. Side view of type specimen, X I20. Station 6451, Mint Spring
Bayou, Vicksburg, Miss.
3. Bolivina frondea Cushman, n. sp. Side view of type specimen, X I20. Station 6647, Chickasawhay
River It miles southwest of Boice, Miss.
4. Verneltilina rectimargo Cushman, n. sp. View of flat face, X IOO. Station 645I, Mint Spring Bayou,
Vicksburg, Miss.
5. Verneuilina rectimargo Cushman, n. sp. View of two faces, X IOO. Station 6447, Glass Bayou, Vicksburg,
Miss.
6. Gaudryina sp. Front view, X I20. Station 645I, Mint Spring Bayou; Vicksburg, Miss.
7. Bldimina pupoides D'Orbigny. Side view, X IOO. Station 6647, Chickasawhay River It miles southwest of Boice, Miss.
8. Bltliminella Sltbteres H. B. Brady var. angusta Cushman, n. var. Front view, X I20. Type specimen,
station 6647, Chickasawhay River It miles southwest ·of Boice, Miss.
9. Bldiminella subteres H. B. Brady var. angusta Cushman, n. var. X I20. Station 6447, Glass Bayou,
Vicksburg, Miss.
10. Lagena striata (D'Orbigny) Reuss var. substriata Williamson. X 100. Station 7671, "Brown's Cave,"
Leaf River, Miss.
11. Lagena orbignyana (Seguenza) H. B. Brady ~ar. flint1:i Cushman, n. var. Front view of type specimen,
X 100. Station 6447, Glass Bayou, Vicksburg, Miss.
12. Lagena hexagona (Williamson) S!ddall. Front view, X 100. Station 6452, Mint Spring Bayou, Vicksburg,
Miss.
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PLATE XXX.
FIGURE

1. Nodosaria .filiformis D'Orbigny.

2.
3.
4.
5.
6.
7.
·8.
9.
10.

Side view of two chambers, X 100. Station 6447, Glass-Bayou, Vicksburg, Miss.
Nodosaria filijormis D'Orbigny. Side view of two chambers near the aperture, X 100. Station 7671,
"Brown's Cave," Leaf River, Migs.
·
Nodosaria filiformis D'Orbigny. View of broken apertural end, X 100. Station 7671, "Brown's Cave,"
Leaf River, Miss.
.
·
Nodosaria communis D'Orbigny. X 100. Station 7671, "Brown's Cave," Leaf River, Mies.
Nodosaria sp. Side view, X 100. Station 7671; "Brown's Cave," Leaf River, Miss.
Nodosaria obliqtta (Linnaeus) H. B. Brady. View of early portion 'of specimen, X 75. Station 7671,
"Brown's Cave," Leaf River; Miss.
Nodosaria obliqua·(Linnaeus} H. B. Brady.· View of terminal portion of larger specimen, X 75. Station
7671, "Brown's Cave," Leaf River, Miss.
Polymorphina regina H. B._ Brady, Parker, and Jones. Side view, X 125. Station 7671, "Brown's Cave,"
Leaf River, Miss. .
Polymorphina cnspidatq, 11;-:B~ Brady. Side:yi~w, X 125.' StatiQJ?-.6447, Glass Bayou, Vicksburg, Miss.
Polymorphina cuspidata H._ B. Brady. Side view, X 125. Station ~447, Glass ,Bayou, Vicksburg, Miss.
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PLATE XXXI.
FIGURE

1. Polymorphina cuspidata H. B .. Brady var. costulata Cushman, n. var.

2.
3.
4.
5.
6.
7.
8.
9.

Front view of type specimen, X 125.
Station 6452, Mint Spring Bayou, Vicksburg, Miss.
Polymorphina vicksbttrgensis Cushman, n. sp. Front view of type specimen, X 125. Station 6451, Mint
Spring Bayou,.Vicksblirg, Miss.
Polymorphina equalis D'Orbigny. Front view, X 125. Station 6448, Glass Bayou, Vicksburg, Miss.
Polymorphina advena Cushman, n. sp. Front view of type specimen, X 125. Station 6451, Mint Spring
_. Bayou, Vicksburg, Miss.
Polymorphina spinosa D'Orbigny, X 126. Station 7671, "Brown's Cave," Leaf River, Miss.
Cristellaria vicksburgensis Cushman, n. sp. Side view of type specimen, X 100. Station 6647, Chickasawhay River 1! miles southwest of Boice, Miss.
Cristellaria vicksburgensis Cushman, n. sp. Side view of more complete specimen, X 100. Station 7671,
"Brown's Cave," Leaf River, Miss.
Cristellaria cultrata (Montfort) Parker and Jones. Side view, X 50. Station 7671, "Brown's Cave," Leaf
River, Miss.
Patellina advena Cushman, n. sp. Dorsal view of type specimen, X 125. Station 6452, Mint Spring Bayou,
Vicksburg, Miss.
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PLATE XXXII.
FIGURE

1. Cristellaria rotulata (Lamarck) D'Orbigny. Side view, X 50. Station 7671, "Brown's Cave," Leaf River,
Miss.
2. Uvigerina pigmea D'Orbigny. Side view, X 125. Station 6647, Chickasawhay River 1t miles southwest
of Boice, Miss.
-3. Spirillina limbata H. B. ~rady var. bipunctata Cushman, n. var. Dorsal view of type specimen, X 125.
Station 7671, "Brown's Cave," ;Leaf River, Miss. Specimen showing the adult character of the double
·
row of punctations.
4. Spirillina limbata H. B. Brady var. bipunctata Cushman, n. var. Dorsal view of young specimen, showing
but a single row of punctations, X 125. 'Station 6447, Glass Bayou, Vicksburg, Miss.
·
5. Spirillina limbata H. B. Brady var. bipuiwtata Cushman, n. var. Ventral view, X 125. Station 6647,
Chickasawhay River 1t miles southwest of Boice, Miss.
6. Discorbis auracana (D'Orbigny) Cushman. Ventral view, X 125. Station 6447, Glass Bayou, Vicksburg,
Miss.
7. Discorbis bertheloti (D'Orbigny) Cushman. Dorsal view, X 125. Station 6451, Mint Spring Bayou, Vicksburg, Miss.
8. Nonionina advena Cushman, n. sp. Side view of type specimen, X 125. · Station 6647 ,· Chickasawhay
River 1t miles southwest of Boice, Miss.
9. Quinqueloculina vulgaris D'Orbigny. SidE) view, X 125. Station 6448, Glass Bayou, Vicksbiug, :Miss.
10. Quinqueloculina vulgaris D'Orbigny. Side view of another specimen froin the opposite side. Station
6448, Glass Bayou, Vicksburg, Miss.
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PLATE XXXIII.
FIGURE

1. Spiroloculina antillamm D'Orbigny.

Side view, X 125. Station 6451, Mint Spring Bayou, Vicksburg,
Miss.
'
·
2. Qttinquelocttlina cookei Cushman, n. sp. Side view of type specimen, X 125. Station 6451, Mint Spring
Bayou, Vicksburg, Miss.
3. Qttinqtwloctdina ·cookei Cushman, n. sp. Side view of another specimen from opposite side, X 125. Station
64fi1, }.fint Spring Bayou, Vicksburg, Miss.
·
·
4. Triloculina sctdptttrata Cushman, n. sp. Side viewof type specimen, X p5. Station 6451, Mint Spring
Bayou, Vicksburg, Miss.
5. Trilocub~na sculptttrata Cushman, n. sp. Viewed from the side of the last-formed chamber, X 125. Station
6451,.Mint Spring Bayou, Vicksburg, Miss.
6. Qttinqtwloculina lttstra Cushman, r{. sp. Side view of type specimen, X 125. Station 6448, Glass Bayou,
Vicksburg, Miss.
7. Biloculina inornata D'Orbigny. Front view, X 100: Station 6452, Mint Spring Bayou, Vicksburg, Miss.
8. Quinqueloculina tessellata Cushman, n. sp. Side view of type specimen, X 125. Station 6447, Glass
Bayou, Vicksburg, Miss.
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PLATE XXXIV.
FIGURE

1. Quinqueloculina tessellata Cushman, n. sp.

2.
3.
4.

5.
6.
7.

8.

Side view, X 125. Station 6451, Mint Spring Bayou, Vicksburg, Miss.
Quinqueloctdina contorta D'Orbig~y. Side view, X 125. Station 6448, Glass Bayou, Vicksburg, Miss.
Quinquelocttlina contorta D'Orbigny. Side view, X 125. Station 6448, Gl~s Bayou, Vicksburg, Miss.
Triloetdina peroblonga Cushman, n. sp. Specimen with double aperture, one at each end, through failure
of the last-formed chamber to cover the preceding chamber completely, X 125. Station 6451, Mint
Spring Bayou, Vicksburg, Miss.
TriloG'ldina peroblonga Cushman, n. sp. Type specimen, X 1~5. Station 6451, Mint Spring Bayou, Vicksburg, Miss.
Quinq'l.lelocttlina viclcsbttrgensis Cushman, n. sp. Side view of type specimen, X 125. Station 6447, Glass
Bayou, Vicksburg, Miss.
Massilina decorata Cushman, n. sp. Side view of type specimen, X 125. Station 6647, Chickasawhay
River lt miles southwest of Boice, Miss.
Quinqtwlocttlina glabrata Cushman, n. sp. Side view of type specimen, X 125. Station 6447, Glass Bayou,
Vicksburg, Miss.
'
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PLATE XXXV.
FIOURE

1. Rotalia dentata Parker and Jones var. parva Cushman, n. va.r.

Ventral view, X IOO. Station 645I, Mint
Spring Bayou, Vicksburg, Miss~
2. Rotalia dentata Parker and Jones var .. parva Cushman, n. var. Dorsal view, X IOO. Station 6448, Glass
·Bayou, Vickshqrg, Miss.·
3. Rotalia vicksbu..rgensis Cushman, n. sp. Ventral view, X IOO. Station 6647, Chickasawhay River It
miles southwest of Boice, Miss.
4. Rotalia vicksbtLrgensis Cushman, n. sp. Dorsal view, X IOO. Station 6647, Chickasawhay River It miles
southwest o~ Boice, Miss.
5. Anomalina vicksburgensis Cushman, n. sp. Dorsal view, X IOO. Station 6452, ]'y[int Spring Bayou, Vicksburg, Miss.
6. Anomalina vicksburgensis Cushman, n. sp. Ventral view, X IOO. Station 6452, Mint Spring Bayou,
Vicksburg, Miss ..
7. Truncattdina vicksbtLrgensis Cushman, n. sp. Dorsal view, X IOO .. Station 6448, Glass Bayou, Vicksburg,
Miss.
8. Truncatu..lina vicksburgensis Cushman, n. sp. Ventral view, X IOO. Station 6448, Grass Bayou, Vicksburg,
Miss.
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THE FLORA OF THE WOODBINE SAND AT ARTHURS BLUFF, TEXAS.
By

EDWARD WILBER BERRY.

INTRODUCTION.

The prc~ence of fossil plants in the Cretaceous strata of Lamar County, Tex., has been
known for over half a century, as is shown by a
letter fron1 Dr. B. F. Shumard dated October 2,
1860, read before the Academy of Science of ·st.
Louis at its session of November 5, 1860. 1 Dr.
S4umard, at that tinw State geologist of Texas,
stateR that his brother, Dr. G. G. Shumard, discovered in the Cret~1ceous yellowi::;h sandstones
of I Jamar County near Red River numerol!-s dicotyledonous leaves resmnbling the n1odcrn leaves
of Salix, Ile:c, Laurus, etc. These fossils were
undoubtedly from the locality now known as
A.rthurs Bluff (:fig.11, p. 180),which hus furnished most of the subsequent collections. Dr.
Shu1nard further states that these plants were
sent to Leo Lesquereux for detern1ination, but
if sent they were apparently lost in transit. 2
When R. T. Hill took up the study of the
Texas Cre_taeeous, new collections were Inade
between 1880 and 1885 at Arthurs Bluff and at
Denison, tho latter a locality original{y discovered by Dr. Shumard. These collections were,
tWcording to Hill; sent to the Vnited States
National Museu1n and lost in storage. Finally,
in· Hill's great work on the Texas Cretaceous, 3
F. H. Knowlton furnished a report on colleotions
of fossil plants from the Woodbine sand at
Arthurs Bluff, Lamar County; Woodbine,
Cooke C~unty; and Denison, Grayson County.
The largest of these collections is the one from
Arthurs Bluff, which was made in 1894 by T.
Wayland Vaughan. The plants are preserved
in u. fragmentary state in a yellowish ferruginous sandy clay or loose sandstone. Knowlton identified the following species fron1 this
·
locality:
Aralia wellingto1;1iana vaughanii Knowlton.
· Benzoin venustum (Lesquereux) Knowlton.
Acad. Sci. St. Loms Trans., vol. 2, p. 140, 1861!.
s Lesquereux, Leo, Cretaceous flora: U.S. Geol. Survey Terr. Rept.,
vol. 6, p. 11, 1874.
· a Hill, R. T., Geography and geology of the Black and Grand prairies,
Tex.: U.S. Geol. Survey Twenty-first Ann. Rept., pt. 7, pp. 314-318,
1

pl. 39,1901.

Diospyros primaeva Heer.
Ficus glascoeana Lesquereux?
Liriodendron pinnatifidum Lesquereux?
MyriCa longa (Heer) Heer.
Phyllites rhomboideus Lesquereux.
Platanus primaeva Lesquereux.
Sapindus morrisoni Heer?
Salix deleta Lesq uereux.
Viburnum robustlJ.m Lesquereux.

The collection from Woodbine was made by
G. H. Ragsdale and is reported as containing
these species:
Andromeda pfaffiana Heer.
Cinnamomum ellipsoideum Saporta and Marion.
Cinnamoml.lill sp.?
Diospyros primaeva Heer.
Eugenia primaeva Lesquereux.
Phyllites aristolochiaeformis Lesquereux?

.The collection from Denison was made by
T. V. :Munson fron1 two outcrops on Munson
Hill, from which Knowlton was unable to identify any forms specifically, and Rhamey Hill,
from which the following are recorded:
Cinnamomum heerii Lesquereux.
Diospyros steenstrupi Heer.
Inga cretacea
Lesquereux..
.
Laurus proteaefolium Lesquereux. · ·
Liquidambar integrifolium Lesquereux.
Magnolia boulayana Lesquereux.
Magnolia speciosa Heer.
Populus sp.?
Salix sp.?
~

In 1911 T. W. Stanton and L. W. Stephenson
visited A.rthu.rs ·Bluff and made a collection of
fossil plants which were sent to me. I made a
report on these plants the next year, 4 the following species having been recognized :
Andromeda novae-caesareae Hollick.
Andromeda snowii Lesquereux.
Aralia wellingtoniana Lesquereux.
Benzoin venustum (Lesquereux) Knowlton?
Brachyphyllum macrocarpum formosum Berry.
Cinnamomum membranaceum, (Lesquereux) Hollick.
Colutea primordialis Heer.
Cornoppyllum vetustum Newberry.
• Berry, E. W., Contributions to the Mesozoic flora of the Atlantic
Coastal Plain:.....VIII, Texas: Torrey Bot. Club Bull., vol. 39, pp. 387406, pls. 30-32, 1912.
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Eucalyptus geinitzi (Heer) Heer.
Tex. On account of the predo~nance of unconFicus daphnogenoides (Heer) Berry.
solidated sand the formation is now called the
Laurophyllum minus Newberry.
Woodbine
sand. These beds have a somewhat
Laurus plutonia Heer.
complicated nomenclatorial history. Hill some
Liriodendron quercifolium Newberry.
years earlier 6 called them the "Timber Creek
Magnolia speciosa Heer.
Malapoenna falcifolia (Lesquereux) Knowlton?
group" or "Lower Cross Timbers formation."
Myrica emarginata Heer.
In still earlier years they had usually been conOreodaphneala' bamensis Berry.
sidered
of Tertiary age. They were originally
Palaeocassia laurinea Lesquereux.
Podozamites lanceolatus (Lindley and Hutton) described by G. G. Shumard as the "arenaceous
and marly clay or Red River group" and reBraun.
Populus harkeriana Lesque.reux.
ferred to the Tertiary. His brother, who was
Rhamnus tenax Lesquereux.
the first to record fossil plants from these
Rhus redditiformis Berry.
strata,
placed them in various positions in the
Sapind us morrisoni Heer.
s.ections of Texas formations which he· pubSterculia lugubris Lesquereux?
lished at different times.
Tricalycites papyraceus Newberry.
Viburnum robustum Lesquereu:x?
.Hill clearly recognized their eq~ivalence
Zizyphus lamarensis Berry.
WI~h the Dakota sandstone but quite rightly

It was deemed desirable, .in comiection with
.the problem of the age of the Dakota sandstone
and the relation between the Upper Cretaceous
formations of the Coastal Plain and those of
the Western Interior, that the flora of the
Woodbine sand should be critically reviewed.
Consequently all the material in the United
States National Museum from Arthurs Bluff
was sent to me and constitutes the basis of the
·present report. I have never visited the region:
nor have I seen the collections from Cooke and
Grayson counties, hence recorded forms from
these localities are ignored unless they are
present in the collections studied. The total
number of ~pecies in the Arthurs Bluff material amounts to 43, and it is probable that detailed explorations would double· or treble the
number of known forms. Hence. the present
report must be regarded entirely as a preliminary contribution.
Fortunately the conclusions to be derived
from a study of tills small flora are so complete
and decisive as regards the age and relationship
of the deposits that no subsequent additions
to the flora can change the general conclusions
. fact must be the excuse for calling an'
and th1s
account of but 43 species from a single locality
the flora of the Woodbine formation.

obJected to the indiscriminate use of that term
and fortunately decided to apply the local
name.
CHARACTER OF MATERIALS.

The Woodbine materials are largely current-bedded sands, generally white and friable
where nonferruginous, in places brownish and
c?nsolidated by iron oxide, containing extensive to small lenses of more or less carbonaceous lamin~ted clays with some interbedded
l~yers of lignite or lignitie clay. ·They give
nse to sandy soils strewn 'with fragments of
ferruginous sandstone and siliceous ironstone.
The limits .of the Woodbine are uncertain.
It is said to be unconformable with the underlying_ Denison formation of the Washita group
and to pass without a break into the overlying
Eagle Ford formation. Taff 7 described the
formation under the name Dakota sand and
divided it into Timber Creek bed$, Dexter
sand, and basal clay. Hill combined the lower
two divisions under the name Dexter sands
and renamed the upper division the Lewisville
beds because Timber Creek was preoccupied.
The fossil plants described in the present report
are said to come from Hill's Dexter sand member, the overlying J,.ewisville member, which
makes up from 50 to 100 feet of the several
THE WOODBINE SAND.
hundred feet of total thickness of the Woodbine, being marine and so· far as known lacking
NAME.
determinable fossil plants.
,
The name Woodbine formation was proThe Woodbine sediments from a maximum
posed by HilP in 1901 from the toWn. of Wood..; thic~ess of 300 to 500_feet in the Red River
: bine, in the northeastern part of Cooke County,
• Hill, R. T., op. cit., p. 294..

e .A:m. Jour. Sci., 3d ser., vol. 33, pp. 291-303, 1887.
7 Taff, J. A., Texas Geol. Survey Fourth Ann. Rept., p. 285,1892.
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valley thin toward the south or are replaced
by different lithologic facies which have received other names and whose equivalence
has not been determined. No representative
of the Woodbine has been recC?gnized in central
Texas, where, according to Stephenson, 8 its
age equivalent is absent or "lies in the relatively thin sediments that compose the Buda
limestone, a supposition which seems highly
improbable and which has no basis of known
facts." A third alternative which I regard
as more prqbable than the two advanced by
Stephenson is that the leaf-bearing sands of
Red River which are referr~d to the lower
Woodbine are the time equivalent of what is
called Eagle Ford in the Austin section.
Either Woodbine time is represented there
by the Buda limestone, which Stephenson
states is highly improbable, or it is represented by a break in sedimentation, which
seems to me equally improbable, or it is represented by the lower part of the Eagle Ford
of that section.
FAUNA.

The fauna of the Woodbine, which comes
from the upper part, or the Lewisville marine
member, is not extensive, but certain species
are individually abundant at some localities.
It comprises an almost unique assemblage of
shallow-water forms as identified by Cragin,.
including the following:
Area galliennei var. tramatensis Cragin.
Ostrea soleniscus Meek.
Modiola filisculpta Cragin.
Aguileria cumminsi White.
Cytherea leveretti Cragin.
Trigonarca siouxensis (Hall and Meek).
Turritella renauxiana D'Orbigny.
Cerithium tramatensis Cragin.
Cerithium i.J;tterlineatum Cragin.
Pteria salinensis White?
Natica humilis Cragin.

It contains also a bonsiderable number of
additional forms including ammonites, not yet
determined. It is unfortunate that no adequate study of the Woodbine fauna has ever
been made.
FLORA.

The flora of the Woodbine $and described in
the following pages amounts to only 43 species.
It is hence inadequate for a correct estimate
s Stephenson, L. W., U.S. Geol. Survey Prof. Paper 120, p. 145, 1918.
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of its botanic facies, and the absence of forms
normally present in beds of equivalent age
may, with much probability, be attributed to
their lack of discovery in the Woodbine, for
as far as it goes it is a perfectly normal assemblage of forms such as would be expected at
this horizon. There are no known ferns or
lower plants present, presumably. because of
the coarseness of the sediments and the
trituration to which most of the plants .have
evidently been subjected.
Only two gymnosperms are represented, a
Podozamites and a Brachyphyllum. In this
respect the Woodbine flora is more like the
Dakota flora than it is like the corresponding
floras of the Atlantic Coastal Plain, in which
conifers are usually abundant individually and
varied specifically. No monocotyledonous angiosperms have been recognized in the Woodbine, and this lack, like that of the ferns, is
probably to be attributed. to macerating and
triturating water action.
The dicotyledons, which comprise 41 of the
43 identified forms, represent 31 genera in 21
families and 15 orders. They are well scattered among the families usually represented
in Upper Cretaceous floras. Elements that
are conspicuous by their absence when the
Woodbine flora is compared with the Tuscaloosa flora of the eastern Gulf area, fqr exanlple, are the numerous species of figs and
magnolias, for there are orily two of each of
these types in the Woodbine, and one of the
figs is a Dakota sandstone species and not a
Coastal Plain species. Other notable absentees are Menispermites, Bauhinia, Liriodendropsis, Leguminosites, Oelastrophyllum, Grewiopsis, Pterospermites, 8apotacites, and other
less significant genera. The genus Oelastrophyllum is especially abundant in the Tuscaloosa, in which 12 species have been recognized, and it is ahnost equally abundant in the
Raritan formation.
No genus is represented in the Woodbine by
more than two species except the form genus
Carpolithus. The largest family is the Laura-.
ceae, with eight species; no other family has
more than three species, and only two· families,
the Salicaceae and l\iagnoliaceae, · reach that
number. Similarly the largest order is the
Thymeleales, with eight species, and the only
order that approaches it in size is the Ranales,
with five species.
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The flora, as at present known, is inadequate Dicoty ledonae-Continued.
Mal vales:
to indicate the environment in which the plants
Sterculiaceae:
lived, but !t clearly contains no unusual feaSterculia lugubris Lesquereux.
tures, and I can see no reasons for supposing
Thymeleales:
that the physical conditions were different
Lauraceae: ·
Benzoin venustum (Lesquereux) Knowlt0n.
fron1 those which have been predicated from
Malapoenna falcifolia· (Lesquereux\ Knowlthe much larger floras of the Tuscaloosa, Rariton.
tan, and Magothy formations, which have been
Oreodaphne· alabamensis Berry.
discussed at length in various publications.
Cinnamomum newberryi Berry.
A systematic list of the Woodbine flora at
Cinnamomum membranaceum (Lesquereux)
Hollick.
·
Arthurs Bluff follows:
Latirus plutonia Beer.
Gymnospermae:
Laurus antecedens Lesquereux.
Podozamites lanceolatus (Lindley and Hut- •
Laurophyllum minus Newberry.
ton) F. Braun.
Myrtales:
Brachyphyllum macrocarpum formosum
Myrtaceae:
Bei-ry.
'
Myrtonium geinitzi (Beer).
Dicotyledonae: '
Umbellales:
Myricales:' ·
Araliaceae:
Myricaceae:
Aralia wellingtoniana Lesquereux.
Myrica emarginata Heer.
Aralia saportana LesquereU:x.
Myrica longa (Beer) Heer.
Cornaceae:
Salicales:
Cornophyllum vetustum Newberry.
Salicaceae:
Ericales?:
Salix lesquereuxii Berry.
Andromeda novaecaesareae Hollick.
Salix deleta Lesquereux?
Andromeda snowii Lesquereux.
Populus harkeriana Lesquereux.
Ebenales:
Urticales:
Ebenaceae:
Moraceae:
Diospyros primaeva Beer.
Ficus daphnogenoides (Beer) Berry.
Rubiales:
Ficus glascoeana Lesquereux.
Caprifoliaceae:
Platanales:
Viburnum robustum Lesquereux.
Platanaceae:
Position uncertain:
Platanus latior (Lesquereux) Knowlton.
Tricalycites papyraceus Newbe.rry.
Ranales:
Carpolithus sp. 1.
Magnoliaceae:
Carpolithus sp. 2.
Magnolia speciosa Beer.
Catpolithus sp. 3.
Magnolia lacoeana Lesquereux.
Liriodendron quercifolium Newberry.
AGE OF THE FLORA.
Trochodendraceae:
Trochodendroides 1homboideus (Lesquereux) RELATION TO THE FLORAS OF OTHER UPPER
CRETACEOUS FORMATIONS OF THE COASTAL
Berry.
PLAIN.
Ranunculaceae?
Dewalquea insigniformis Berry.
Relation to the Bingen sand fiora.-The geoRosales:
graphically nearest flora to that of the WoodCaesal piniaceae:
bine sand is that found in the Bingen saud of
Palaeocassia laurinea Lesq uereux.
Arkansas. The Bingen is generally recognized
Pa pilionaceae:
Colutea primordialis Heer.
as being, in part, at least, the equivalent of the
Sapindales:
Woodbine and also as representing all the
Sapindaceae:
Upper Cretaceous of Arkansas below the
Sapindus morrisoni Beer.
Erogyra ponderosa zone. The latter fact is of
Anacardiaceae:
especial importance in the final determination
Rhus redditiformis Berry.
Rhamnales:
of the age of the Woodbine, for if the Bingen in
Rhamnaceae:
its easternmost exposures represents the whole
Rhamnus tenax Lesquereux.
of the interval represented in northern Texas
Zizyphus lamarensis Berry.
by
the Woodbine and Eagle Ford formations
Vitaceae:
there is no apparent reason why a part of the
· Cissites formosus Beer.
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Woodbine may not also represent the Eagle
Ford.. Such a conclusion would be in accord
with the evidence of the fossil plants.
The flora of the Bingen sand is known only
from a small collection made by H. D. :Miser
in Pike arid Howard counties, Ark. 9 It comprises but 27 named forms, and these are not
all from one level; hence comparisons between
it and that of the Woodbine are limited. In
spite of this the Woodbine contains nine species
that are common to the 'Bingen sand, including
the Dewalg_uea, which is common in the upper
Bingen and is confined to these two formations.
The upper Bingen was considere3d by me as
the equivalent of the upper part of the Tuscaloosa and the Eutaw formation of the eastern
Gulf area, and the lower Bingen as the equivalent of the lower Tuscaloosa and the Raritan
formation.
Unfortunately for ease of correlation and intelligible discussion all the Upper Cretaceous
formations of the Coastal Plain have been based
:upon lithologic differences instead of upon their
contained faunas and floras, and as they overlap and intergrade laterally the limits of the
same formation are not chronologically equivalent from locality to locality, so that precision
in correlation must await the discovery and
study of much more extensive paleontologic
materials than are available at the present
time.
Although the Bingen has been separated by
Miser into upper and lower members, the known
flora was found near the top of the lower member and near the base of the upper member
and hence could not be expected to be as decisive as if it represented both earlier and later
Bingen time. The present Woodbine .flora
com'es from a single horizon and locality, and
what the other 300 to 500 feet of thaWoodbine
would show if the flora were known in its
entirety can only be surmised. Hence, inasmuch as names must be used in any discussion,
it must be borne in mind that when I speak of
the Woodbine flora or Woodbine sand my data
are derived entirely from the single horizon
represented at Arthurs Bluff on Red River. I
can therefore only state the well-known fact
that the Woodbine and Bingen formations are
at least partly contemporaneous. I am of the
opinion, which is based on the range of the
g

Berry, E. W., Torrey Bot. Club Bull., vol. 44, pp. 167-190, pl. 7, 1917.
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Woodbine plants in other formations, that
·Arthurs Bluff is approximately on the boundary between the lower and upper members of
the Bingen as recognized by Miser in Arkansas
in the specific area where he collected the fossil
plants.
Relation to Tuscaloosa flora.- The flora of
the Tuscaloosa formation is extensive, comprising 151 described species, recently monographed.10 The Tuscaloosa occupies the same
stratigraphic position with respect to the Eutaw
formation of the eastern Gulf area that the
Woodbine does with respect to the Eagle Ford
formation of the western Gulf area, and both
the Eutaw and the Eagle Ford contain comparable marine faunal elements. The Tuscaloosa formation has been shown to be progressively younger when traced northward from
western central Alabama, and in the report
just cited I have shown its. delta character and
probable chronologie equivalence with a part of
the marine Eutaw formation.
I suspect that the Woodbine might also be
interpreted as made up of continental, delta,
and marginal deposits, with similar relations to
the marine Eagle Ford, but I have no basis for
this inference except the writings of others.
This would afford an excellent subject for field
study. The Woodbine and Tuscaloosa floras
have 22 species in common, so that it seems
clear that the Woodbine and Tuscaloosa formations are equivalent, at least in part.
Whether the Tuscaloosa elements that are conspicuously absent in the Woodbine represent
real or only apparent differences can not be
determined. I incline to the opinion that these
differences are only apparent.
Relation to floras of .other formations of the
Coastal Plain.-The relation or degree of resemblance between the Woodbine flora and that of
geographically more remote' formations of the
Atlantic Coastal Plain is well shown in the
accompanying table of distribution. The
Woodbine contains 20 species common. to the
Raritan, 18 common to the Magothy of the
New Jersey-Maryland region, and 25 common
to the two combined, thus emphasizing a wellknown floral similarity seen throughout the
Coastal Plain. This may mean that the Woodbine is equivalent to the upper Raritan and the
Magothy, or simply that it is equivttlent to the
10

Berry, E. W., U.S. Geol. Survey Prof. Paper 112, 1919.
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Magothy, as a great many upper Raritan species survived into Magothy time. There are
nine species common to the Woodbine and
Black Creek formations, but six of these are
widespread and long-lived forms without especial significance. Five of the Woodbine species
are common to the Eutaw flora, and one extends as high as the Ripley formation of the
eastern Gulf area.
RELATION TO THE FLORA OF THE DAKOTA
SANDSTONE.
I The· flora of the Dakota sandstone is very
large, embracing over 400 descri-bed spedes.
It is also very obviously not all of the same age,
but outside of certain areas in Kansas and Nebraska no data are available for determining
what part of Dakota flora came from beds that
merit that term and what part came from beds
since discovered or suspected to be different.
· Of the 43 Woodbine plants 30 are species of
the Dakota sandstone flora. The community
of facies is thu,,s very great, and it is significant
that of these 30 common species all but 10 are
forms which their range in other formations
proves to represent what for want of a better
term might be termed tbe true Dakota flora,
and three of these 10 are only doubtfully determined from the J\1orrison formation in Colorado 11 and these three occur definitely in the
Tuscaloosa, Raritan, and Magothy formations,
so that really 23 of the Woodbine plants are true
Dakota forms. I regard the Woodbine as synchronous with this undelimited Dakota sandstone, which I r~gard as bearing the same relation to the Benton as theW oodbine does to the
.Eagle Ford and the Tuscaloosa does to the
.Eutaw.

RELATION TO THE FLORA OF THE CHEYENNE
SANDSTONE.

The relations between the Woodbine flora
and that of the Mentor formation of central
Kansas are unknown and will remain so until
the Mentor flora is carefully collected and
studied. The Cheyenne sandstone of southern
Kansas contains a considerable flora, recently
·studied by me, but there is not a single species
common to the Woodbine and Cheyenne. AIthough both floras .consist largely of so-called
Dakota forms, .some of these in the Cheyenne
11

Knowlton, F. H., Am. Jour. Sci., 4th ser., vol. 49, pp. 189-194, 1920.

sandstone are forms that may have come originally from the unrecognized Cheyenne· sandstone or the supposed equivalent Mentor formation, and not from the true Dakota sandstone.
The majority lack an outside distribution.
The Woodbine plants, on the other hand, as
shown by the comparisons in the preceding
sections, are nearly all well-known species of
formations of known age of the Coastal Plain.
There can not be the .slightest doubt that the
Woodbine sand is younger than the Cheyenne
sandstone and synchronous with the· true
Dakota sandstone of the Western Interior.'
The Woodbine is also certainly younger than
those beds in the West formerly confused with
the .Dakota and now known as the Purgatoire
·formation.
.-RELATION OF THE WOODBINE FLORA TO
FLORAS OF OTHER AREAS.

None of the Woodbine species have been
identified in the formations of the Montana
group. Eight of the Woodbine species are
found in the Atane beds and six in the Patoot
beds of western Greenland.
The similarities of the flora to European
Upper Cretaceous floras are reasonably close,
but these similarities naturally seldom extend
to the identical species, and where they.do the
particular forms are wide-ranging and longlived species of slight value in precise correlation, as might be expected. The Woodbine
contains five species common to European beds
referred to the Cenomanian and three additional that are tentatively recognized at this
European horizon. Similarly two species are
identical with forms that occur in the European
Turonian. None of the species are known in
the Emscherian of Europe, although Dewalquea
insigniformis of the Woodbine is, as its name
indicates, very close to the European Senonian
species Dewalquea insignis Debey.
The intrinsic character of the Woodbine
_flora necessitates considering it as either Cerromanian or Turonian when judged according to
European standards. From its relationship
with other more extensive formations of the
Coastal Plain such as the Tuscaloosa and Magothy, in which the evidence is clearer, I would
be inclined to consider the Woodbine flora as of
Tu:r:onian age.

\
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Outside distribution of Woodbine flora.
Dakota TuscaRarisand- loosa Bingen tan
stone. f~r:~ sand. f~r:~

Magothy

Black Eutaw Ripley
Msoornri- CenoCreek forma- forma- ·Atane Patoot
tion.
tion.
beds. beds. fir:~ ia~-

f~r:~- f~r:~-

Turonian.

-----------·1---t----1---11---1---·1--- - - - - - - - - - - - - - - - - - - - - -

Podozamites lanceolatus..... X . . . . . . . . . . . . X
X
X
Brachyphyllum macrocarpuinformosum............ ...... X ...... ...... X
X
X ...... ...... ...... ......
?
Myrica emarginata.... . . . . . . X
X
X . . . . . . . . . . . . . . . . . . . . . . . . X ....................... .
Myricalonga............... X
X
X
X ------ ...... ...... X
X ...... ...... X
X
X
X
X
X
X ...... ...... ......
?
X
Salix lesquereuxii.......... . X
Salix deleta?. . . . . . . . . . . . . . . . X ......................... - ...... - - .. - . - - - - - - - .. - - - - - - - - - - - - - · ....... - - · ·
Populus harkeriana. . . . . . . . . . X . . . . . . . . . . . . X ...................................................... .
Ficus daphnogenoides. . . . . . X
X
X
X
X
X . . . . . . . . . . . . . . . . . . . . . . . . ? - .......... .
Ficus glascoeana. . . . . . . . . . . . X ....................................................................... .
Platanus latior. . . . . . . . . . . . . . X
X .. - - - - - . - - ... - - - - - - - - - ..... - . - - - - - - - ... - .. · - - -. - - . - - · · · · · - - - - · - · · Magnolia speciosa. . . . . . . . . . . X
X
X
X ...... ...... ...... ...... ......
?
X
Magnolialacoeana........... X
X
X
X .................. ----·- ...... ----·· ------ ..... .
~!i~h~d~~ld~ia~:~~~~~:d_X
X
- - - - .. - - - . - ... - ... - - - -- - . - .. - - .... - - - . - - ... - .. - - - - ... .

---:-. ------

eus. . . . . . . . . . . . . . . . . . . . . . X . . . . . . - ... - - - - - - . - - . - - . - - - - - - . - - - - . . . .. - - - - - . - - - - - -. - - · . - - - - - - · - · - - - - - -Dewalquea insigniformis.... . . . . . . . . . . . . X ................................................. 1. • • • • • • • • • •
Palaeocassia laurinea. . . . . . . . X
X . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... -.
Coluteaprimordialis......... X
X
X
X ...... ...... ...... X ------ -----· ........... .
Sapind us morrisoni. . . . . . . . . . X
X
X
?
X
X ...... ...... X
X ............. _... .
Rhus redditiformis ...... : ............................................................................... .
Rhamnus tenax. . . . . . . . . . . . X
X - - - - - - - . - .. - ... - .. - - ... - . - - ... - - . - . - -·_ - -. - · - - - - - - - . - - - ?
Zizyphus lamarensis........ . . . . . . X ............................................................. - .. - .
. Cissites formosus..... . . . . . . .. X
X
X . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . X ................. .
Sterculia lugubris. . . . . . . . . . X ..................... -- .... - ......... -..................... - .. - - - - ... --.
Benzoin venustum. . . . . . . . . X ..................... - - .............. - . - ......... - ........ - - ... - - - .... - .
Malapoenna falcifolia. . . . . . . X
X . . . . . . . . . . . . X .............................................. - .
Oreodaphne alabamensis. . . . . . . . . . X ................................................................. .
Cinnamomum newberryi.. . . X
X
X
X
X
X
X
X
X
X
?
Cinnamomum membranaceum. . . . . . . . . . . . . . . . . . . . X . . . . . . . . . . . . . . . . . . X ............................................... .
Laurus plutonia.......... . . . X
X
X
X
X
X
X
X
?
Laurus antecedens?. . . . . . . . X . . . . . . . . . . . . . . . . . . X ............. - - ........... - ........ - . - . - - - - ... - - .
. Laurophyllum minus?. . . . . . . . . . . . . . . . . . . . . . . . X ..................................................... .
X
X
X
X ...... ...... X ...... ...... X
X
Myrtonium geinitzi.......... X
Aralia wellingtoniana....... X . . . . . . . . . . . . X ..................................................... .
Aralia saportana? ...... .-..... X .............. -- .... - ..... -- .................................... --- ..... .
Uornophyllum vetustum.... . . . . . . X
X ..................................................... .
Andromeda novae-caesareae. . . . . . . X
X
X
X
X ......................................... .
Andromedasno,vii .......... ' X ...... -----· ........................................................... .
X
X
X
X
X
X
X
X
Diospyros primaeva.... . . . . . X
Viburnum robustum. . . . . . . . X ....................................................................... .
X
X ............................................... .
Tricalycites papyraceus... . . . . . . . . X

SYSTEMATIC ACCOUNT OF THE FLORA.
Phylum CYCADOPHYTA.
Genus PODOZAMITES F. Braun.

Podozamites lanceolatus (Lindley and Hutton) F. Braun.
Plate XXXVI, figure 2.

Fontaine, in Ward, U. S. Geol. Survey Mon. 48, p.
110, pl. 24, figs. 17-20, 1905; U. S. Geol. Survey
Twentieth Ann. Rept., pt. 2, p. 360, pl. 63, fig. 4;
pl. 66, fig. 4; pl. 67, figs. 3, 4, 1900.
Knowlton, Smithsonian Misc. Coll., vol. 50, p. I20,
I907; U. S. Geol. Survey Prof. Paper 85, p. 52, 1914.
Hollick, U. S. Geol. Survey Mon. 50, p. 35, pl. 2,
fig. I, 1907; New York Bot. Garden Bull., vol. 8,
p. I55, pl. I62; pl. 163, figs. 2, 3, 19I2.
Berry, Torrey Bot. Club Bull., vol. 39, p. 39I, 1913;
Maryland Geol. Survey, Lower Cretaceous, p. 34I,
pl. 53, figs. 5, 6, 1911; Torrey Bot. Club Bull., vol.
38, p. 4IO, 1911; Maryland Geol. Survey, Upper.
Cretaceous, p. 772, 1916.

Podoza?nites lanceolatus (Lindley and Hutton) F. Braun,
in Munster, Beitrage zur Petrefactenkunde, vol. 2,
pt. 6, p. 53, 1843.
.
Dawson·, Roy. Soc. Canada Trans.,· vol. 3, sec. 4,
p. 6, pl. 1, fig. 3, 1886.
Lesquereux, U. S. Geol. Survey Mon. 17, p. 28, pl. I,
figs. 5, 6, 1892.
Newberry,. U.S. Geol. Survey Mon. 26, p. 44, pl. 13,
Pinnis distantibus, alternis oppositisve, elongatis, basi
fig. 2 [not figs. I, 3, 4], 1896.
sensim angustatis, inferioribus lanceolato-linearibus, supe-·
Penhallow, Canada Geol. Survey Summary Rept. rioribus elongato-ellipticis; nervis crebris.-Schimper,
1904, p. 9, [1905].
1870.
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This is a species of great geologic range,
being recorded from the Jurassic to the upper
Cretace0us. _The geographic range is equally
extensive, embracing two continents, North
America and Europe. It is quite probable
that the species is composite, but no certain
grounds for segregation are apparent.
Some students may doubt the wisom of correlating both Lower and Upper Cretaceous
forms with a species which is essentially a
Jurassic type, but specific 'differentiation founded merely upon stratigraphy has .gone astray
· so often that in cases like the present synthesis may well precede analysis, and it might
be added that this was the view taken by Hollick12 with reference to material from Glen
Cove, Long Island, and by Velenovsky 13 In
studying the Cenomanian flora of Bohemia.
. Forms indistinguishable from the type of
this species occur in both the Patuxent and
Patapsco formations of the Potomac group, as
well as ·in the Kootenai, Dakota, Black Creek,
Raritan, and Magothy formations.
Phylum ·CONIFEROPHYTA.
Genus BRACHYPHYLLUM Brongniart.

Bracbyphyllurn rnacrocarpurn forrnosurn Berry.
Plate XXXVI, figure 1.
"

Brachyphyllum macrocarpum Berry, Torrey Bot. Club Bull.,
vol. 38, p. 183, 1910 (not Newberry, 1896); vol. 38,
·p. 420, 1911.
Brachyphyllum macrocarpum formosum Berry, idem, vol.
39, p. 392, pl. 30, 1912; U. S. Geol. Survey Prof.
Paper 84, p. 106, 1904; Prof. Paper 112, p. 59, pl. 5,
fig. 9, 1919.

Slender elongated twigs, pinnately branched,
covered with medium-sized crowded, appressed
leaves, spirally arranged. Leaves bluntly
pointed, smooth, thick.
In the consideration of the various specimens
which have been referred to Brachyphyll,um
macrocarpum, a very considerable variation
within certain fixed limits is at once obvious.
This variation is usually one of size, the more
slender specimens being at the same time
smoother. This characteristic has been frequently noted by me and is commented upon
in print by Knowlton, 14 who in discussing the
Hollick, Arthur, U.S. Geol. Survey Mon. 50, p. 35, 1906.
Velenovsky, Josef, Die Gymnospermen der bohmischen Kreideformation, p. 11, pl. 2, figs. 11-19, 24, 1885.
u Knowlton, F. H., U.S. Geol. Survey Bull.163, p. 29, pl. 4, figs. 5, 6,
1000.
12

1a

younger forms from Wyoming suggests that the
species on the verge of extinction became smaller
in its proportions. In studying the material
from the South Atlantic and Gulf States a constant difference in size was noticed. This may
reflect a slight difference in climatic conditions, and all the forms may be interpreted
as the variations of a single species--in fact,
the specimen from the. Raritan formation in
New,_ Jersey illustrated in Newberry's figure
7 15 is approximately of the same size as the
forms from the Montana group of the West
and is associated with the normal stout, clubshaped type. That the variety has' no par- ·
ticular stratigraphic significance is indicated by
its abundance at a horizon as low as the basal
part of the Tuscaloosa· of Alabama and its
presence in the Woodbine sand· of Lamar
County, Tex. In general the present variety
occurs in later and more southern beds than the
type, a difference which might be ascribed to the
fact that only the slender terminal twigs are
preserved. This explanation is regarded as
improbable, however, for the same reasoning
should hold good for the areas where only
thicker twigs have been found.
The remains are usually much macerated
and broken, and the immediate cause for the
recognition of a new variety was the discovery
of a relatively large specimen from the Magothy
formation of Maryland, which showed such
striking unlikeness to the type that separation
was demanded and specific differentia-tion was
even considered. In view, however, of the
occurrence of both forms in\ association in
:Mar:rland and the well-known variation not
only of the type but of coniferous foliage in
general, it seemed wiser to consider the present
form as a variety of the type, which as time
progressed supplanted it to a large extent if not
altogether.
The new specimen from Maryla_nd showed
the terminal part of two approximately
parallel and curved twigs about 12 centimeters
in length, united proximad. These in th~ir
largest portion are only 6 millimeters in diameter. At intervals of 3 to 5 millimeters subopposite lateral branches are given off in a
_pinnate manner. These are relatively much
elongated, curved, and slender, averaging
about 4 centim~ters in length by 2 millimeters
15

Newberry, J·. S., U.S. Geol. Survey Mon. 25, pl. 7, figs. 1-7, 1896.
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in diameter, bluntly pointed, and not tapering
to aity appreciable extent. A few of these
lateral branches fork pseudodichotomously,
and some of them give off toward their distal
ends tiny lateral branchlets less than 1 centi-·
meter in length and. about 1 millimeter in
diameter.
The general proportions are thus decidedly
different from those of the supposed parent
type. The leaves are slightly smaller and
smoother and relatively somewhat more elongated, at the same time lacking the apical
papilla and the convergent striae. The form
is much more graceful in appearance than the
~ype and in its general aspect. suggests the
Lower Cretaceous genus Arthrotaxopsis ·of
Fontaine.
.
While tiny species of Brachyphyllum .like
Brachyphyllum microcladum Saporta, of the
Neo-Jurassic, have been desc:r:ibed, the new
variety . is even more slender than Brachyphyllum _gracile Brongniart, of the Jurassic.
The most closely allied forn1 kno·wn appears
to be one from the Albian of Buarcos, in Portugal, described by Saporta 16 as Brachyphyllum obesiforme elongatum. The present
form also shows considerable · resen1blance
to Brachyphyllum crass·icaule Fontaine; of the
Patapsco formation in Maryland and Virginia.
This variet.y is abundant throughout the
Tuscaloosa formation and in the basal part
of the Eutaw formation in Alabama and western Georgia and occurs also in the Woodbine
sand of Texas but is known in Maryland only
from a sincrle·locality.
It is also confined .to.a
0
single locality in North Carolina, where 1t 1s
not at all uncommon but is not especially well
preserved.
Phylum ANGIOSPERMOPHYTA.
Class DICOTYLEDONAE.
Order MYRICALES.
Family MYRICACEAE.
Genus MYRICA De Candolle.

Myrica emarginata Heer.
Myriw emarginata Heer, Flora fossilis arctica, vol. 6, Abt.
2, p. 66, pl. 41, fig. 2, 1882.
Lesquereux, The flora of the Dakota group, p. 67, pl.
12, fig: 1, 1892.
Newberry, The flora of the Amboy clays, p. 62, pl. 41,
figs. 10, 11, 1896.
Berry, New Jersey Geol. Survey Bull. 3, p. 104, pl.
10, fig. 5, 1911; U. S. Geol. Survey Prof. Paper
112, p. 73, pl. 13, fig. 4, 1920.
u Saporta, Gaston de, Contributions
176, pl. 31, fig. 14, 1894.

a la flore fossile du Portugal, p.
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' Heer's description, .published in 1882, is as
follows:
M .. foliis oblongis, integerrimis, apice emarginatis, basi
attenuatis, nervis secundariis subtilissimis.

This species, which was described from specimens collected in the Atane beds of Greenland,
has been recorded from the Raritan and Tuscaloosa formations of the Atlantic Coastal Plain
and from the Dakota sandstone of the Western
Interior. It is somewhat variable in form
but may be characterized as follows:
Leaves obovate, widest at the rounded,
truncate, and more or less emarginate apex,
with entire margins narrowing to the cuneate
base. Midrib mediumly stout. Secondaries,
five' thin pairs, subopposite, diverging from
the midrib at angles of about· 45°, camptodrome.
The reference of this species to the genus
Myrica. is entirely problematic. ·It is astonishingly close to a form from Niedetschoena,.
SaxC?ny, described by Engelhardt 17 as .Mimusops ballotaevides. ·
Myrica longa (Heer) Heer.
Plate XXXIX, figure 5.
Proteoides longus Heer, Flora fossilis arctica, vol. 3, Ab~.
2, p. 110, pl. 29, fig. 8b; pl. 31, figs. 4,. 5, 1874.
Dawson, Roy. Soc. Canada Trans., vol. 1, sec. 4, p.
22, pl. 2, fig. 8, 1883.
.
Fric, Archiv naturw. Landes. Bohmen, vol. 4, No. 1,
.
pp. 18, 94, 1878.
.M~yn:ca longa (Heer) Heer, Flora fossilis arctica, vol. 6,
Abt. 2, p. 65, pl. 18, fig. 9b; pl. 29, ftgs. 15-17; pl.
33, fig. 10; pl. 41, fig: 4d, 1882; vol. 7, p. 21, 1883.
Lesquereux, U. S. Geol. Survey Mon. 17, p. 67, pl.
3, figs. 1-6, 1892.
.
Bartsch, Iowa Univ. Lab. Nat,. Hist. Bull., vol. 3,
p. 180, 1896.
Knowlton, U. S. Geol. Survey Twenty-first Ann.
Rept., pt. 7, p. 314, pl. 39, fig. 7, 1901.
Berry, Torrey Bot. Club Bull., vol. 33, p. 170, 1906;
Maryland Geol. Survey, Upper Cretaceous, p. 812,
pl. 57, figs. 1-3, 1916; Torrey Bot. Club Bull., vol.
44, p. 175, 1917; U. S. Geol. Survey Prof. Paper
112, p. 74, 1919.

Leaves of various sizes, linear to lanceolate,
with a stout midrib, numerous thin, ascending,
camptodrome secondaries, entire margins, obtusely pointed apex, narrowly decurrent base,
and 1ong, stout petiole.
This species, which Heer described as a
Proteoides and subsequently transferred to
the genus Myrica, has a particularly wide
n Engelhardt, Hermann, Naturwiss. Gesell. Isis in Dresden Abh. 7.
Jahrg. 1891, p. 98, pl. 2, fig •.13, 1892.
.

/
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ranging from 6 to 12 centimeters. in length
and from 1.1 to 2.2 centimeters in greatest
width, which is usually slightly below the
middle. Petiole stout, much longer than in
Salix .flexuosa, having a maximum length of
1.2 centimeters. Midrib stout below, tapering
above. Secondaries numerous, in some specimens as many as 20 pairs; they branch from
the midrib at angles of about 45° and are subparallel and camptodrome.
This species is exceedingly variable, as might
be expected in a Salix, and Lesquereux established several varieties, of which at least one,
linearifolia, is referable to Salix .flexuosa Newberry. Some of Lesquereu..,"C's forms are dis-·
tinguishable with difficulty from Salix .flexuosa,
and this is especially shown in the leaves which
he figures on Plate I of his "Cretaceous and
Tertiary floras." They are, however, larger
and somewhat more robust, of a thicker texture
and broadest near the base, from which they
Order SALICALES.
taper upward to an exceedingly acuminate tip.
Family SALICACEAE.
I.rl' general Salix lesquereuxii is a relatively
Genus SALIX Linne.
much broader, more ovate form, with more
Salix lesquereuxii Berry.
numerous and better seen secondaries and a
Salix lesquereuxii Berry, Torrey Bot. Club Bull., vol. 36, longer petiole.
p. 252, 1909; vol. 37, pp. 21, 194, 1910; New Jersey
This species is an e~ceedingly abundant
Geol. Survey Bull. 3, p. 114, 1911; U. S. Geol.
Survey Prof. Paper 84, pp. 33, 109, pl. 7, figs. 11-13, Upper Cretaceous type in both the East and
;1.914; Maryland Geol. Survey, Upper Cretaceous, the West, ranging chronologically in the Coastal
p. 814, pl. 58, figs. 5-8, 1916; Torrey Bot. Club Plain from the base of the Raritan formation
Bull., vol. 44, p. 176, 1917; U. S. Geol. Survey to the top of the Tuscaloosa formation, and
Prof. Paper 1i2, p. 76, 1919.
Salix proteaefolia Lesquereux, Am. Jour. Sci., 2d ser., possibly through the Eutaw formation as well.
vol. 46, p. 94, 1868 (not Forbes); The Cretaceous It is abundant in the Magothy and Black Creek
flora, p. 60, pl. 5, figs. 1-4, 1874; The Cretaceous formations, including the Middendorf arkose
·and Tertiary floras, p. 42, pl. 1, figs. 14-16, pl. 16, member of the Black Creek. It is widespread
fig. 3, 1883; The flora of the Dakota group, p. 49,
froni the bottom to the top of the Tuscaloosa
1892.
Newberry, The flora of the Amboy clays, p. 66, pl. 18, formation in Alabama and occurs in the Bingen
sand of Arkansas. In the West it is a member
figs. 3, 4, 1896.
Kurtz, Mus. La Plata Rev., vol. 10, p. 51, 1902.
of the Dakota sandstone flora and is not present
Berry, New Jersey Geol. Survey Ann. Rept. for 1905, in the older Cheyenne sandstone flora, nor is it
p. 139, 1906; Torrey Bot. Club Bull., v~l. 33, p.
known from beds younger than the Dakota
171, pl. 7, fig. 2, 1906; Johns Hopkins Univ. Circ.,
sandstone
in that region. It is one of the forms
new ser., No;. 7, p. 81, 1907.
Salix proteaefolia longifolia Lesquereux, The flora of the recorded by Kurtz from the Upper Cretaceous
Dakota group, p. 50, pl. 44, fig. 9, 1892.
of Argentina, indicating, if the identification
Bartsch, Iowa Univ. Lab. Nat. Hist. Bull., vol. 3, p. is correct, which is doubtful, a very consider179, 1896.
able migration during early Upper Cretaceous
Proteoides daphnogeoides Heer. Newberry, The flora of
time.
the Amboy clays, p. 72 (part), pl. 32, fig. 11, 1896.
Recently Knowlton 18 has tentatively identiDewalquea groenlandica Heer. Newberry, The flora of
the Amboy clays, p. 129 (part), pl. 41, fig. 12, 1896. fied this species from the type section of the
Leaves ovate-lanceolate, somewhat more Morrison formation in Colorado.
acuminate above than below, variable in size, 1s Knowlton, F. H., Atn. Jour. Sci., 4th ser., vol. 49, p. 190, 1920.

distribution. It occurs in both the Atane and
Patoot beds of western Greenland, in the Dakota sandstone of the West, in the Magothy
formation of Maryland, and in the Bingen
sand of Arkansas and is very common in the
Tuscaloosa formation in western central Alabama. Abroad it has been recorded from the
lower Turonian of Bohemia. Dawson recorded
it from Peace River in Northwest Territory.
It occurs in the Dakota sandstone in Woodbury County, Iowa, in Ellsworth County,
Kans., and near Lander, Wyo. It is thus a
member of the true Dakota sandstone flora.
This is also emphasized by its distribution in
the Upper, Cretaceous of the Atlantic Coastal
Plain.
Although abundant this species. lacks good
diagnostic characters, and its botanical affinity
is therefore uncertain. Its relation to Myrica
is extremely doubtful.

\
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Salix deleta Lesquereux.
Salix deleta Lesquereux, U. S. Geol. Survey Mon. 17, p.
49, pl. 3, fig. 8, 1R91 [1892].

Leaves ovate-lanceolate and subfalcate,
widest below the middle and tapering gradually upward to the bluntly pointed tip and
downward to the cuneate inequilateral base.
Margins
entire.
Texture subcoriaceous.
Length about 8.5 centimeters, maximum width
about 2. 7 centimeters. :Midrib stout and prominent. Secondaries numerous, diverging from
the midrib at angles of about 50°, subparallel,
can1ptodrome. Areolation quadrangular.
This species was described originally by
Lesquereux from Pipe Creek, C~oud County,
Kans., and so far as known is confined to the
Dakota sandstone and the Woodbine sand.
Its relationship to the genus Salix is extremely
problematic and, in my judgment, is far from
demonstrated. The leaf has the appearance
of a leaflet of some member of the Sapindaceae,
but the amount of material available for study
is insufficient to warrant final conclusions.

Hollick, New York Acad. Sci. Trans. vol. 11, p. 98,
pl. 3, figs. 1, 2, 1892; vol. 12, p. 36, pl. 2, figs. 4, 9,
13, 1893; Tor:r:ey Bot. Club Bull., vol. 21, p. 52, pl.
177, fig. 1, 1894; The Cretaceous flora of southern
New York and New England, p. 59, pl. 12, figs. 1-5,
1906.
Smith, On the geology of the Coastal Plain of Alabama, p. 348, 1894 (determined by Ward).
Newberry, The flora of the Amboy clays, p. 72, pl. 17,
figs. 8, 9; pl. 32, figs. 11, 13, 14; pl. 33, fig. 3; pl. 41,
fig. 15, 1896.
.
Berry, New York Bot. Garden Bull., vol. 3, p. 74,
pl. 51, figs. 6-9, 1903.
Ficus daphnogenoides (Heer) Berry, Torrey Bot. Club Bull.,
vol. 32, p. 327, pl. 21, 1905; vol. 33, p. 173; pl. 7,.
fig. 5, 1906; vol..34, p. 194, pl. 11, figs. 10, 11, 1907;
New Jersey Geol. Survey BullJ 3, p. 122, pl. 12,
fig. 4, 1911; Torrey Bot. Club Bull., vol. 39, p. 394,
1912; vol. 44, p. 177, 1917; Maryland Geol. Survey,
Upper Cretaceous, p. 818, pl. 58, fig. 3, 1916; U. S.
Geol. Smvey Prof. Paper 112, p. 80, pl. 13, figs. 6, 7,
1919.
Ficus proteoides Lesq uereux, The flora of the Dakota group,
p. 77, pl. 12, :fig. 2, 1892.
Eucalyptus? attenuata Newberry, The flora of the Amboy
clays, pl. 16, fig. 5 (not figs. 2, 3), 1896.

Heer's description, published in 1866, is as
follows:

Genus POPULUS Linne.

Les feuiiles sont coriaces, a la base attenuees, entieres;
la nervure mediane est forte; elle porte deux nervures
Pop·ulus harkeriana Lesquereux, U. S. Geol. Survey Mon. secondaires faibles, aerodromes, qui sont presque paralleles au limbe; mais elles ne sont pas opposees, comme
17' p. 44, pl. 46, fig. 4, .1891 [1892].
Hollick, New York Acad. Sci. Annals, vol. 2, p. 419, chez les Daphnogene et C1:nnamomum.
pl. 36, fig .. 8, 1898; U. S. Geol. Survey Mon. 50,
This species was described by Heer from
p. 49' pl. 7' fig. 31, 1906.
very incomplete material found in the Dakota
Berry, Torrey Bot. Club Bull., vol. 39, p. 394, 1912.
Populus harkeriana Lesquereux.

sandstone of Nebraska. His specimens have
some long ascending secondaries, but Lesquereux's more complete specimens from the
same formation and region show that these
secondaries ·were not aerodrome but· camptodrome. The species in this feature and also
in other respects differs from Protea. and its
allies, which are more coriaceous and have the
secondaries branching at acute angles and
massed toward the generally apetiolate base.
It closely resembles a number of different
existing species of Ficus from such widely
separated localities as Central and South
Order URTICALES.
America and Celebes. Especially among the
Family MORACE~E.
Mexican and Central American forms· are very
similar leaves seen-for example, Ficus jasciGenus FICUS Linne.
culata Watson, Ficus lancifolia Hooker and
Ficus daphnogenoides (Heer) Berry.
AI:nott,
Ficus ligustrina. Kunth and Bouche,
Plate XXXIX, figure l.
and especially Ficus sapida. Miguel, which
Proteoides daphnogenoides Heer, Phyllites cretacees du has much the same outline and consistency,

This species was described by Lesquereux
from material collected in the Dakota sandstone at Fort I-Iarker, Kans., and was subsequently recorded by Hollick from the Cretaceous material (Rari~an or Magothy) in the
terminal moraine near Tottenville, Staten Island. The collection from Arthurs Bluff, Tex.,
contains a single specimen and its counterpart,
showing half of a large typical leaf of this
species. There is ·also an undeterminable
species of the Populus type in the collection.

Nebraska, p. 17, pl. 4, figs. 9, 10, 1866.
Lesquereux, The Cretaceous flora, p. 85, pl. 15, figs.
1, 2, 1874; The :flora of the Dakota group, p. 90,1892.

the same prominent midrib, and the same
venation. When the fossil forms are placed in

'\
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the genus Ficus, where they properly belong,
they find their affinity in the group which
includes, among others, such fossil species
as Ficus elongata. Hosius, Ficus berthoudi Lesquereux, Ficus suspecota V elenovsky, and Fic·us
krausiana Heer.
This species has been found to be variable in
size, ranging in length from 11 to 22 centimeters
and in width from 1.9 to 3.7 centimeters. It is
usually widest in the lower half of the leaf,
although in some specimens the base is narrow
· and the widest part is toward the middle. In
all unequivocal material the upper half of the
leaf is narrow and is produced as a long, slender,
commonly recurved tip, which is one of the
characteristic featu;res of the species. This tip
is strictly comparable with the "dripping
points" developed on various modern leaves
in the regions where precipitation is heavy.
Ficus daphnogenoides is a widespread and
common form, ranging from Marthas Vineyard
to Alabama, Arkansas, and Texas in the
-Atl~ntic Coastal Plain and from the Northwest
Territory to Kansas and Nebraska in the
Western Interior region.
·
It is a member. of the Dakota sandstone
flora and does not occur in the older Cheyenne
sandstone so far as my observations go. It was
reported by Ward from the Cheyenne sandstone at Chatman Creek, Kans., but Ward's
material, which I have before me, is not this species but a leaflet of Sapindopsis; Knowlton 19
has recently tentatively identified this form
from th~ type section of the Morrison formation
at Morrison, Colo. The species is not uncommon in the Woodbine sand at Arthurs Bluff,
Tex.
Ficus glascoeana Lesquereux.
FU:us glascoeana Lesquereux, U. S. Geol. Survey Terr.
Rept., vol. 8 (Cretaceous and Tertiary floras), p. 48,
1883; U.S. Geol. Survey Mon. 17, p. 76, pl. 13, figs.
1, 2, 1891 [1892].
Knowlton, U.S. Geol. SurveyTwe:c.ty-firstAnn. Rept.,·
pt. 7, p. 317, 1901.

Leaves large, oblong-ovate in general outline,
with an obtusely pointed apex and a broadly
rounded or cuneate, ultimately slightly decurrent base. Length from 18 to 20 centimeters; maximum width, at or below the
middle, 6.5 to 7.5 centimeters. Margins entire.
Texture coriaceous. Surface polished. Peti19

Knowlton, F. H., Am. Jour. Sci., 4th ser., vol. 49, p. 190, 1920.

ole missing. Midrib very stout and prominent on the under surf ace of the leaf. Secondaries numerous, thin, diverging from the
midrib at wide angles, subparallel, straight,
ascending, joining one another by abrupt
curves subparallel with and close to the margms.
This species, which is of the same general
type as Ficus atavina Heer, 20 was described by
Lesquereux from material collected 2! miles
south of Glascoe, Kans. So far as known it is
confined to the Dakota sandstone and to the
Woodbine sand at Arthurs Bluff, Tex., and the
remains were usually much broken before .
fossilization. Ficus atavina, which is closely
related to it, was also a stiff form, usually
found in a broken condition. It has an extensive range, occurring in the Atane and
Patoot beds of Greenland, the Magothy formation and the Middendorf arkose member of
the Black Creek formation in the Atlantic
Coastal Plain, the Turonian of Bohemia, and
the Gosau beds of Tyrol. It seems very probable that Ficus glascoeana is genetically related to the more widely distributed Ficus
atavina.
Order PLATANALES.
Family PLATANACEAE.
Genus PLATANUS Linne.

Platanus latior (Lesquereux) Knowlton. ·
Platan'us acermdes? Goeppert var. latior Lesquereux, Am.
Jour. Sci., 2'd ser., vol. 46, p. 97, 1868.
Platanus latior (Lesquereux) Knowlton, U. S. Geol. Survey Bull. 152, p. 170, 1898; U. S. Geol. Survey
Twenty-first Ann. Rept., pt. 7, p. 314, 1901.
Berry, U.S. Geol. Survey Prof. Paper 112, p. 84, 1920.
Platanus primaeva Lesquereux, The Cretaceous flora, p. 69,
pl. 7, fig.2;pl.26, fig.2, 1874; The:floraoftheDakota.
group, p. 72, pl. 8, figs. 7, 8h; pl. 10, fig. 1, 1892.

Leaves large, palmately trilobate, broadly
rhomboidal. Length about 17 centimeters·;
maximum width about 15 centimeters. Margins somewhat irregularly dentate, entire at the
broadly cuneate base. Lateral lobes short;
intervening sinuses s-carcely differentiated.
Petiole long and stout. Primaries stout, three
in n:umber, diverging at or near the base in the
material from Alabama but commonly suprabasilar in the forms from the Dakota sandstone.
Venation strictly platanoid. Texture coriaceous.
2o Heer, Os~ald, Flora fossilis arctica, vol. 6, Abt. 2, p. 69, pl.ll, figs.
5b, 7b,Sb; pl.17,fig.Sb; pl.19,fig.lb; pl.20,figs.1,2,1882.
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This fine large species is very abundant in the
Dakota sandstone of Kansas, Nebraska, and
Minnesota, and Lesquereux differentiated three
varieties, integrifolia., subintegrifolia., and gra.ndidenta.ta..
Order RANALES.
Family MAGNOLIACEAE.
Genus MAGNOLIA

Linn~.

Magnolia speciosa Heer.
Plate XL, figure 6.
Magnolia speciosa Heer, Allg. schweiz. Gesell. gesammt.
Naturwiss. Bern Neue Denskchr., Band 23, p. 20,
pl. 6, fig. 1; pl. 9, fig. 2; pl. 10, fig. 1, 1869.
Le~quereux, The Cretaceous and Tertiary floras, p.
72, 1874; The flora of the Dakota group, p. 202, pl.
60, figs. 3, 4, 1892.
Hollick, New York Acad. Sci. Trans., vol. 12, p. 234,
pl. 7, fig. 4, 1893; Torrey Bot. Club Bull., vol. 21,
p. 60, pl. 178, fig. 5, 1894; Geol. Soc. America Bull.,
vol. 7, p. 13, 1895; The Cretaceous flora of southern
New York and New England, p. 64, pl. 19, figs. 1-4,
1906.
Knowlton, U. S. Geol. Survey Twenty-first Ann.
Rept., pt. 7, p. 318, 1901.
Smith, On the geology of the Coastal Plain of Alabama,
p. 348, 1894.
Be,rry, Torrey Bot. Club Bull., vol. 31, p. 76, pl. 3,
fig. 10, 1904; vol. 32, p. 46, pl. 2, figs. 4, 5, 1905;
New Jersey Geol. Survey Bull. 3, p.129, pl.14, fig. 3,
1911; Torrey Bot. Club Bull., vol. 39, p. 395, 1912;
U. S. Geol. Survey Prof. Paper 112, p. 88, pl. 18,
figs. 3, 4, 1919. ·
Magnolia auriculata Newberry, The flora of the Amboy
clays, p. 75 (part), pl. 41, fig. 13; pl. 58, fig. 10,
1896.
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angles of about 45° and curving upward. The
texture is coriaceous.
This species, which was described originally
·from specimens collected in the Cenomanian of
Moravia, has a wide range in America. Typical
leaves occur in the Dakota sandstone. It is
present on Marth as Vineyard and Long Island
and in the Raritan and Magothy formations of
New Jersey. It is present at Arthurs Bluff,
Tex., and was recorded by Knowlton from the·
Woodbine· at Rhamey Hill, Denison, Tex.
. Magnolia lacoeana Lesquereux.
Magnolia lacoeana Lesquereux, The flora of the Dakota
group, p. 201, pl. 60, fig. 1, 1892.
Newberry, The flora of the Amboy clays, p. ,73, pl. 55,
:figs. 1, 2, 18.96.
Hollick, The Cretaceous flora of southern New York
and New England, p. 65, pl. 17, fig. 2, 1906.
Berry, Torrey Bot. Club Bull., vol. 37, .p. 23, 1910;
New Jersey Geol. Survey Bull. 3, p. 134, pl. 16,
fig. 2, 1911; Maryland Geol. Survey, Upper Cretaceous, p. 832, pl. 70, figs. 1, 2, 1916; U. s~ Geol.
Survey· Prof. Paper 112, p. 91, pl. 17, fig. 9, 1919.

Leaves broadly oval to almost orbicular,
obtw;e or abruptly pointed above and rounded
to a somewhat cuneate base below, 10 to 12
centimeters in length by 8.5 to 9.5 centimeters
in maximum width. Midrib stout, somewhat
flexuous. Secondaries numerous, camptodrome, rather stout, 10 to 12 pairs; they
branch from the midrib at acute angles, immediately curving outward, forming festoons near
the margin, which is somewhat 'undulate in
one specimen that Newberry referred to this
species.
Heer's description, published in 1869, is as
This species differs from its contemporaries,
follows:
. especially in its nearly round outline. LesM. foliis maximis, coriaceis, ovato-ellipticis,. a pice Ionge quereux :fuids a resemblance to Magnolia
attenuatis, valde acuminatis, basi in petiolum ,·alidum inglefieldi Heer, from Greenland, ·and it also
attenuatis, nervo primario crasso, nervis secundariis suggests some of the Arctic forms which have
valde ctrrvatis, camptodromis.
·
been referred to Magnolia capellinii Heer.
This specie$ is somewhat variable in size.
Although this species is reported from points
The American material, which is somewhat so widely separated as Marthas Vineyard and
SJ:l?.aller than the type material from Moletein, Kansas,. it is nowhere abundant and is usually
Moravia, ranges in length from 8.5 to 19 centi- poorly preserved, suggesting that the leaves
meters and in maximum width from 4 to .7.5 were readily macerated. It also occurs in the
centimeters. It is ovate-elliptical, with the Magothy formation of New Jersey and Maryapex more or less produced and the base de- land and the Tuscaloosa formation of Alabama.
current. The midrib and petiole are stout. The type locality was Ellsworth County,
The secondaries are well marked, campto- Kans., and the range elsewhere of this species
drome; they number seven to nine pairs and would indicate that this locality was in the
are subopposite, branching from the midrib at true Dakota sandstone.
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of the two species in the direction of Liriodendr.on pinnatijid1..tm Lesquereux. Numerous
Plate XXXVI, figure 3.
leaves of the modern tree can be found with
L~·riodendron quereifolium Newberry, Torrey Bot. Club an incipient lobation suggesting Liriodendron
Bull., vol. 14, p. 6, pl. 62, fig. 1, 1887; u. s. Geol. quercifolium. In these leaves, however, the
Survey Mon. 26, p. 81, pl. 51, figs. 1-6, 1896.
sinus is comparatively shallow and rounded,
·Berry, New Jersey Geol. Survey Bull. 3, P· 138, pl. so that the general appearance of the two is
Genus LIRIODENDRON Linn~.

Liriodendron quercifolium Newberry.·

17, fig. 1, 1911; Torrey Bot. Club Bull., vol. 39, p.
395, 1912; vol. 44 , p. 182 , 1917 .
Liriodendron pinnatifidum? Knowlton (not Lesquereux),
U. S. Geol. Survey Twenty-first Ann. Rept. pt. 7,
p. 317, 1901.
Liriodendron snowii Knowlton (not Lesquereux), idem.

Leaves oblong, large, pinnately divided by
narrow sinuses into two to four lateral lobes.
Apex emarginate. Base truncate to somewhat
cordate. Length along the midrib 7 to 9
centimeters and probably considerably more
in some specimens, as one fragment measures.
12 centimeters in width. Width in perfect
specimens about 9 centimeters. Lateral lobes
ovate, with very acute tips, some narrowed
proximad, giving them an almost obovate
outline; intervening lateral sinuses narrow and
deeply cut, some reaching nearly to the midrib,
rounded. Some specimens have only' two main
lobes developed on each side and are then very
similar to the typical modern leaf of Liriodendron tulipifera. In these specimens, however,
the upper lobes are divided by a shallow sinus
into two acute lobules. Other specimens show
three lobes of equal magnitude on each side,
and one of the best specimens from the Woodbine sand has four nearly equal lobes· on each
side, the basal and apical pairs being somewhat
shorter than the medial pairs. This form of
. leaf is very suggestive of some species of
'Quercus,· but its .variations, as well as its venation, show that it is related to Liriodendron.
The petiole is preserved for a considerable
length and is very stout, as is the midrib.
There is one main secondary .traversing each
lobe and running directly to its apical point.
In addition there are one or more camptodrome
secondaries in each lobe which anastomose
with branches from the main secondary, their
number being dependent upon the relative
width of the lobe; th~y branch from the midrib
at angles of about 60°.
At first sight this species appears to differ
considerably from Liriodendron oblongifolium
and from the modern form, but this difference
is not nearly as great as it seems, and it is
probable th~t Liriodendron q_uercifolium is
simply a variation from the" common ancestor

not markedly similar.
Knowlton recorded Liriodendron pinnatifidum and Liriodendron snowii from the Woodbine sand, but both of thes~ prove to be fragments of this species.
·
Family TROCHODENDRACEAE.
Genus TROCHODENDROIDES Berry, n. gen.

This genus is proposed as a form genus for
fossil leaves that appear to be referable to the
family Trochodendraceae. It is perhaps best;
for the present, not to attempt a definition.
Attention is called in a recent publication 21 to
the possibility that certain Mesozoic forms of
dicotyledons commonly referred to Oelastro- •
phyllum, Populus, and Populophyllum represented ancestral forms of Tetracentron, Trochodendron, and Oercidophyllum. A great many
Cretaceous plant species have been referred to
the existing genus Populus, and the evidence
for such a relationship is very slight in a number of forms, particularly among the older ones.
The plant from the Dakota sandstone described
by Lesquereux as Phyllites -rhomboideus, which
is present in the Woodbine sand, is here considered the type of the genus and is for the
present the only species definitely assigned to
it. A critical survey of the late Lower Cretac~ous and early Upper Cretaceous dicotyledons would result in transferring a number of
forms to Trochodendroides, which may serve
for_ the reception of any fossil species of the
family.
Trochodendroides rhomboideus (Lesquereux) Berry.
Plate XXXVI, figure 5.
Ficus? rhomboideus Lesquereux, Am. Jour. Sci., 2d ser.,
vol. 46, p. 96, 1868.
Phyllites rhomboideUs L~squereux, Cretaceous flora, p. 112,
pl. 6, fig. 7, 1874 .
.Knowlton, U. S. Geol. Survey Twenty-first Ann.
Rept., pt. 7, p. 317, 1901.

This species was described by Lesquereux
from material found in the Dakota sandstone
at Decatur, Nebr. He at first referred it with
a query to Ficus, which it obviously does not
represent. Subsequently he trans~erred it to
21

Berry, E. W., Am. Jour. Sci., 4th ser., vol. 50, p. 49, 1920.
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Phyllites, _and in his account of 1874 he suggested comparisons with Smilax, Paliurus,
and Populus. It has no characters which ally
it to Smilax or Paliurus, but it is much like a
variety of species that have been referred to
Populus, the majority of which do not present
clear evidence to warrant su,ch a reference.
The species may be described as follows:
Leaves rhomboidal to orbicuJar, with a rounded
or cuneate decurrent base, presumably varying
to more or less cordate. Apex broadly rounded.
Margins entire in their lower halves, undulate
toothed ·in their distal halves. Texture subcoriaceous. Length about 4.5 to 6 centimeters; maximum width, midway between the
apex and the base, 5 to 6.5 centimeters.
Petiole stout, curved, 2 centimeters in length
in the smaller leaves, not preserved in the
larger. Venation-five-palmate from the base,
the midrib no stouter than the lateral primaries; they diverge at acute angles and arch
near the upper margin to join branches from
the short camptodrome seconcl.aries. Areolation obsolete.
In form and venation the fossil is much like
the modern leaves of both Tetracentron and
Oercidophyllum, especially seedling leaves; it
is less like Trochodendron but is approached by
seedling leaves of that genus. If, as some
botanists believe, these somewhat anomalous
vesselless dicotyledqns are primitive in their
features and not reduced, they should be
present among the earlier fossil angiosperms
and should show considerable abundance and
diversity. The abundance of comparable fossil
forms, as I have pointed out, masquerading
under various names and widespre~d and
abundant in the closing days of the Lower
Cretaceous, in a measure substantiates the
first of these ~ssumptions.
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of the leaflets. Secondaries numerous, diverging from the midrib at angles of 30° to 40°, long
ascending and eventually camptodrome, sending off small outwardly directed branches to
the marginal teeth. Texture coriaceous.
This characteristic species with its coriaceous
texture must have had rather stiff, strict leaves
in life. It adds to our flora another form of the
curious genus Dewalquea, which is so striking
an element in the Upper Cretaceous and lower
Eocene. The only known American species
that resembles this for~ in any respect is
Dewalquea smithi Berry, 22 of the Tuscaloosa
and Black Creek formations. D. smithi is
much larger, with relatively broader leaflets,
which have less prominently serrate margins
and partly craspedodrome venation.
Dewalquea insigniformis is, however, as its
name indicates, very much like Dewalquea
insignis Hosius and Von der Marck, 23 a prominent species in the Campanian and Maestrichtian substages of Europe. D. insignis ha~
relatively broader, less prominently toothed
leaflets, in some specimens as many as seven,
and the venation is said to ·be craspedodrome.
The venation is, however, a character of slight
value, for entire and toothed leaflets generally occur together, and I imagine that Dewalquea insignis is merely a serrate form of
the associated Dewalquea haldemiana Saporta
and Marion. If the latter had promintmt serrate teeth added it would be identical with
Dewalquea insigniformis.
Dewalquea insigniformis was described from
a large number of fragmentary specimens obtained in the upper part of the Bingen sand in
Pike County, Ark. A characteristic leaflet is
present in the early collections from the Woodbine sand at Arthurs Bluff, Tex.
Order ROSALES.

Family RANUNCULACEAE1

Family CAESALPINIACEAE.

Genus DEWALQUEA Saporta and Marion.

Genus PALEOCASSIA Ettingshausen.

Paleocassia laurinea Lesquereux.
Plate XL, figure 8.
Dewalquea insign~formis Berry, Torrey Bot. Club Bull.,
Paleocassia laurinea Lesquereux, The flora of the Dakota
vol. 44, p. 179, pl. 7, figs. 6, 7, 1917.
group, p. 147, pl. 64, :fig. 12, 1892.
Leaves digitate, of probably five leaflets.
Berry, Torrey Bot. Club Bull., vol. 39, p. 396, 1912;
Leaflets linear-acuminate, with prominently
U. S. Geol. Survey Prof. Paper 112, p. 100, pl. 23.
·serrate margins. Length about 12 centifig. 1, 1919.
meters; maximum width mostly 1 to 1.25
Leaflets ovate-lanceolate, subinequilateral,
Dewalquea insigniformis Berry.

centimeters, at or slightly above the middle. with a pointed apex and.a cuneate base. Length
Base very gradually narrowed_ and with entire
Berry, E. W., Torreya, vol. 10, pp. 34-38, fig. 1, 1910.
margins for a distance of about 2 centimeters. 2a22 Hosius,
A., and Von der Marek, \V., Palaeontographica, vol. 26, p.
Midrib stout, prominent on the under surface 172, pl. 32, figs. in-113; pl. 33, fig.109; pl. 34, fig.llO; pl. 35, fig.123, 1880.

168

SHORTER CONTRIBUTIONS TO GENERAL GEOLOGY, 1921.

from 3 to 6 centimeters; maximum width, at
or below the middle, about 2 centimeters.
Margins entire, somewhat irregular. Petiolule
short, curve9-, gradually enlarged proximad,
about 5 millimeters in length. Midrib of
medium size, curved. Secondaries thin, camptodrome.
This species was described from specimens
collected in the Dakota sandstone of Kansas
and is present in the lower part of the Tuscaloosa formation in Alabama. As interpreted
by Lesquereux, its describer, the remains represented leaflets of a Oassia-like plant, although
so far as I know all have been detached, the
. only basis for considering them leaflets rather
than leaves being their slight inequilateral
form.
A single entire leaflet is contained in the
collection from Arthurs Bluff, 1 Tex. It is
·identical with the type material from Kansas
in size, outline, and venation; with the exception that it is slightly wider (2 to 5 m.illimeters),
with a consequently somewhat fuller and more
rounded base.
I

Family PAPILIONACEAE.
Genus COLUTEA Linne.

Colutea primordialis Heer.

Colutea primordialis Heer, Flor~ fossilis arctica, vol. 6,
Abt. 2, p. 99, pl. 27, figs. 7-11; pl. 63, figs. 7, 8, 1882.
Lesquereux, U. S. Geol. Survey Mon. 17, p. 148,
pl. 13, figs. 8, 9, 1891 [1892].
,Newberry, U. S. Geol. Survey Mon. 26, p. 97, pl. 19,
figs. 4, 5, 1896.
Hollick, U. S. Geol. Survey Mon. 50, p. 84, pl. 32,
figs. 14, 15, 1906.
· Berry, Torrey Bot. Club Bull., vol. 37, p. 24, 1910;
vol. 38, p. 407, 1911; vol. 39, p. 396, 1912; New
Jersey Geol. Survey Bull. 3, p. 156, pl. 20, fig. 4,
19ll; Maryland Geol. Survey, Upper Cretaceous,
p. 845, pl. 75, fig. 3, 1916; Torrey Bot. Club Bull.,
vol. 44, p.184, 1917.

This species was described from m~terial
found in the Atane beds of western Greenland
and was subsequently recorded from the Dakota
sandstone near Delphos, Kans., the Raritan
formation of New Jersey, and the Magothy
formation of Marthas Vineyard, Long Island,
and Maryland. It is represented by a single
specimen in the collection from the upper
rp.ember of the Bingen sand, and by a single

complete and in every way typical leaflet from
Arthurs Bluff, Tex.
The reference of this and other American
Upper Cretaceous species to the Old World
genus Oolutea may well be questioned, and it
is probable that they represent some other
leguminous genus with similar foliage.
Order SAPINDALES.
Family SAPINDACEAE.
Genus SAPINDUS

Linn~.

Sapindus morrisoni Heer.

Sapirulus morrisoid Heer, Flora fossilis arctica, ·vol. 6,
Abt. 2, p. 896, pl. 40, fig. 1; pl. 41, fig. 3; pl. 43,
figs. 1a, b; pl. 44, figs. 7, 8, 1882.
Lesquereux, U. S. Geol. Survey Terr. Rept., vol. 8
(Cretaceous and Tertliary floras), p. 83, pl. 16, .fig13..
1, 2, 1883; U. S. Geol. Survey Mon. 17, p. 158, pl.
35, figs. 1, 2, 1892.
Hollick, New York Acad. Sci. Annals, vol. 11, p.
422, pl. 36, fig. 4, 1898; U. S. Geol. Survey Mon.
50, p. 90, pl. 33, figs. 16-20, 1906.
Knowlton, U. S. Geol. Survey Twenty-first Ann.
Rept., pt. 7, p. 317, 1901.
Berry, New York Bot. Garden Bull., vol. 3, p. 83, pl.
47, figs. 2, 3, 1903; Torrey Bot. Club Bull., vol. 31
p. 78, 1904; vol. 39, p. 396, 1912; vol. 44, p. 186, 1917;
New Je1·sey Geol. Survey Ann. Rept., 1905, p. 138,
1906; U. S. Geol. Survey Prof. Paper 84, p. 49, pl.
9, fig. 6, 1914; Prof. Paper 112, p. 112, 1919.

Leaflets of variable, us~ally large size, lanceolate and more or less inequilateral, with a
broadly cuneate or rounded base and a pointed
apex. Petiolulate. Texture subcoriaceous.
Margins entire. Midrib stout, curved. Secondaries numerous, camptodrome.
The present species was described originally
as from the Atane beds of western Greenland
by Heer, to whom· it must be credited, although it was based on Lesquereux's manu. script, . which appeared in prin't the following
year. It is common in the Dakota sandstone
at a number of widely scattered localities and
in the Magothy formation of the northern
Atlantic Coastal Plain and the Tuscaloosa
formation of the eastern Gulf area.· It is not
uncommon in both the lower and uppe~ members of the Bingen sand of Arkansas, and
fragmentary speci.nlens occur in both. the
earlier and later collections from A!thurs
Bluff, Tex.
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Family ANACARDIACEAE.
Genus RHUS Linne.

Rhus redditiformis Berry.
Plate XXXVII, fig. 2.
Rhus redditijormis ·Berry, Torrey Bot. Club Bull., vol.
39, p. 397' pl. .31, fig. 2, 1912.
.

Leaves compound, probably trilobate. Leaflets petiolate, ovate, with bluntly pointed tipscuneate bases, and entire or undulate margins
forming a few distal shallow, broadly rounded
lobules separated by broad, shallow sinuses.
Terminal leaflet nearly equilateral, about one,
third larger than the lateral leaflets, about 4
centimeters in length by 2 centimeters in
maximum width, which l.s about midway
between the apex and the base; petiole 5
millimeters long; midrib stout, prominent;
secondaries thin, five or six alternate pairs,
branching from the midrib at angles of about
50°, curving slightly upward, anastomosing
close to the entire margin. Lateral leaflets
inequilateral, the outer limb of · the lamina
being slightly wider and fuller than the inner
limb; petioles shorter than that of the terminal
leaflet, 2 to 3 millimeters in length, diverging
from the latter at angles of about 70°; in
outline and venation similar to the terminal
leaflet, but smaller and showing a tendency
to develop slight irregularities in th~ margin,
especially toward their tips.
This species was named from its rather
striking resemblance to the European early
Tertiary species Rhus reddita Saporta,24 from
Aix, in southeastern France. Several Creta.ceous species of Rhus have been described from
specimens found in beds as old as the Woodbine, the Dakota sandstone of Kansas having
furnished three supposed species with pinnate
leaves, one of which, Rhus uddeni Lesquereux, 25
was erroneously reported by Ward from the
Cheyenne sandstone at Belvidere, Kans. The
Cheyenne form proves to be a species of
Sapindopsis, and this may also be the botanic
affinity of ~he type material of Rhus uddeni.
A small-toothed species from the Cenomanian
sandstone of Bohemia has been described by
Velenovsky 26 as· Rhus cretacea, although this
24 Saporta, Gaston de, Etudes sur Ia vegetation du sud-est de la France
il.l'epoque tertiaire, tome 1, p. 124, pl. 13, figs. 2, a, b, 1862.
25 Lesquereux, Leo, U. S. Geol. Survey Mon. 17, p. 154, pl. 57, fig. 2,
1892.
ll6 Velenovsky, Josef, Die Flora der bohmische Kreideformation, pt. 4,
p. 7, pl. 4, figs. 7-12, 1885.
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name was already in use for a very different
Cretaceous species described by Heer 27 from
material obtained in the Senonian at Quedlinburg, in Saxony, and recorded by Hollick 28
from the Upper Cretaceous of Long Island.
The Woodbine species is readily distinguishable
from all the foregoing and adds a well-marked
and probably trifoliate Cretaceous form to this
genus, which was so largely developed during
Tertiary time. In the existing flora Rhus is a
prominent elem~n\ with more than 150 species,
most of which are natives of warm temperate
and tropical regions.
A modern species with almost identical foliage is the South African Rhus villosa Linne.
Order RHAMNALES.

Family RHAMNACEAE.
Genus RHAMNUS Linne.

Rhamnus tenax Lesquereux.
Plate XL, figure 7.
Rhamnus tenax Lesquereux, Am. Jour. Sci., 2d ser., vol. 46,
p. 101, 1868; The Cretaceous flora, p. 109, pl. 21, fig.
4, 1874; The flora of the Dakota group, p. 170, pl. 38,
fig. 6, 1892.
Engelhardt, Naturwiss. Gesell. Isis in Dresden Abh.
7, Jahrg. 1891, p. 101, 1892.
Bartsch, Iowa Uni~. Lab. Nat. Hist. Bull., vol. 3, p.
181, 1896.
Berry, Torrey Bot~ Club Bull., vol. 39, p. 398, 1912;
U. S. Geol. SurV-ey Prof. Paper 112, p. 114, pl. 25,
figs. 1, 2, 1919.

Leaves ovate-lanceolate, acuminate, slightly
equilateral.
Length about 8 centimeters;
maximum width about 2 centimeters in the
lower half of the leaf. The dimensions of these
leaves are remarkably uniform in all the specimens from the Dakota sandstone of the West,
as well as in those ·from the Tuscaloosa formation in Alabama. Margins entire, curving inward somewhat abruptly to the petiole, which
is stout, more or less curved, and ·about 1 centimeter or slightly more in length. Midrib stout,
curved, becoming thin in the acuminate tip.
Secondaries numerous, thin, approximately
parallel, .12 to 14 subopposite to alternate pairs,
branching from the midrib at angles of about
45° to 50°, curving slightly upward, camptodrome.
·This species, which was described many
years ago by Lesquereux from material col27 Heer, Oswald, Zur Kreideflora von Quedlinburg, p. 14, pl. 3, fig. 11,
1872.
ss Hollick, Arthur, U.S. Geol. Survey Mon. 50,p. 87, pl. 33, fig.2,1907.
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lected in the Dakota sandstone of southern
Kansas and subsequently recorded by Bartsch
from the same formation in Iowa, is represented in the lower beds of the Tuscaloosa
formation of western Alabama and in the
Woodbine sand at Arthurs Bluff, Tex., by
leaves which are identical in all their characters
with the type material and which seem to be
closely allied to the Tertiary and modern forms
of Rhamnus. It has been reported by Engelhardt from the Cenomanian' of Niederschoena,
Saxony, but this record may well be considered
doubtful.
Genus ZIZYPHUS Adanson.

Zizyphus larnarensis Berry.
Plate XXXVI, figure 4.
Zizyphus lamarensis Berry, Torrey Bot. Club Bull., vol.
39, p. 398, pl. 31, fig. 1, 1912; U. S. Geol. Survey
Prof. Paper 112, p .. 112, 1919.

Zizyphus has not yet been discovered in the
European Cretaceous, but it is represented in
the Western Hemisphere by four or five wellmarked types. The nearest to the present
species is Z. groenlandicus Heer, 29 which occurs in the Magothy formation on Marthas
Vineyard and in the Patoot beds of western
Greenland. It is of about the same size but
relatively wider than the Texas form and has a
somewhat different venation and much coarser
teeth. The species from the Magothy of New
Jersey, Z. clijfwoodensis Berry,30 is a larger,
lanceolate, entire-margined form. The two
species from the Cretaceous of Long Island, Z.
elegans 31 and Z. oblongus, 32 described by Hollick, are much smaller, entire-margined forms,
and Hollick's Z. lewisiana, 33 another Cretaceous species from the same locality, is a small
lanceolate leaf of doubtful affinity.
The existing species of Zizyphus number
about 40 and are largely indigenous in the IndoMalayan region, although the genus is represented in subtropical or tropical America,
Africa, and. Australia. One modern species,
Zizyphus vulgaris Lamarck, an oriental form,
·has foliage almost identical with Z. lamarensis,
the outline, margin, and venation being the
same.

Leaves ·elliptical, 4.5 to 5 centimeters in
length by 3 centimeters in max~um width,
about midway between the apex and the base,
though slightly nearer the base; base full and
rounded;·lateral margins.full and rounded; apex
rounded, slightly less full than the base; margin with regular but shallow crenate teeth,
becoming less prominent toward the base.
Midrib slender but prominent, straight. LatFamily VITACEAE.
eral primaries one on each side, diverging
Genus CISSITES Heer.
from the midrib at its extreme base at an acute
Cissites forrnosus Heer.
angle (about 10°), thin, slightly curved inward
above the middle, joining a secondary in the
Plate XL, figure 5.
apical part of the leaf. Secondaries from Cissites jormosus Heer, Flora fossilis arctica, vol. 6, pt. 2,
the midrib two or three alternate thin pairs
p. 85, pl. 21; figs. 5-8, 1882.
in the apical region, camptodrome; secondaLesquereux, The flora of the Dakota group, p. 161,
pl. 21, fig. 5, 1892.
ries from the lateral primaries five or six in
?Hollick, Torrey Bot. Club Bull., vol. 21, p. 57, pl.
number, on the outside, curved, camptodrome;
174, fig. 6, 1894; The Cretaceous flora of southern
the lowest secondary is longest and branches
New York and New England, p. 94, pl. 37, :fig. 7,
at the most acute angle (about 10°) and from
1906.
.
the extreme .base; each successively higher
Newberry, The flora of the Amboy clays, p. 107,
pl. 47, figs. 1-8, 1896.
secondary subtending a slightly larger angle
Berry, New Jersey Geol. Survey Bull. 3, p. 185, 19~1;
and following a somewhat shorter course.
U. S. Geol. Survey Prof. Paper 112, p. 115, 1919.
Internal tertiaries more or less percurrent,
Heer's description,· published in 1882, is as
marginal ones similar to the secondaries from
·
the primaries in their. arrangement and course, follows:
thin and camptodrome.
C. foliis palmatis, profunde trilobatis, lobo medio basi
This handsome species of an undoubted contra.cto, trilobato, lobis obtusi.s.
Zizyphus was described reeently from very 29 Heer, Oswald, Flora fossilis arctica, vol. 7, p. 42, pl. 62, fig. 20,1883.
scanty material obtained in the Woodbine ao Berry, E. W., Johns Hopkins Univ.Circ.,new ser., No.7, p. 88, fig. 5
sand of Texas. It is entirely distinct from. 1907.
81 Hollick, Arthur, Torrey Bot. Club. Bull., vol. 21, pl. 176, fig. 9, 1894.
any previously described Cretaceous species
Hollick, Arthur, The Cretaceous flora of southern New York and
England: U.S. Geol. Survey Mon. 50, p. 92, pl. 34, figs. 9, 10,1907:
and is much closer to some of the Tertiary New
aa Hollick, Arthur, Torrey Bot. Club Bull., vol. 21, p. 58, pl. 180,
and still existing forms.
fig. 13, 1894.
1
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This description was based upon very fragmentary material from the Atane beds of Greenland, from which, nevertheless, He-er reconstructed the supposed outline of the perfect
leaf. To judge by the specimens referred to
this species by Lesquereux and Newberry it
was an exceedingly variable form. In plan it
is trilobate, but the subsidiary lobes developed
upon both the median and the lateral lobes in
some specimens obscure this trilobate character
and suggest Cissites parv~folius Berry, of the
Albian of America and Europe; Cis sites
dentatolobatus Lesquereux, of the Dakota sandstone; Cissites panduratus Knowlton, of the
Vermejo, Mesaverde, and Ripley formations;
or Cissus vitifolia Velenovsky, of the Cenomanian of Bohemia.
The primaries are stout and three in number;
they may diverge from the top of the stout
petiole or be suprabasilar; in many specimens
the branches of the laterals approach so near
the base that the leaves have the appearance of
being palmately 5-veined.
This species is common but fragmentary in
the Raritttn formation; it ranges from 7 to 10
centimeters in length and from 6 to 12 centimeters between the tips of the main lateral
lobes. The sinuses are all rounded, ' and t'P.e
main ones may be deep or shallow. The fragment from Long Island referred to this species
by Hollick is, as he remarks, exceedingly unsatisfactory and doubtful. The species occurs also
in the Dakota sandstone of ·Kansas, and a
closely related variety has been found in the
Magothy formation of Maryland. Typical
material is present in the Tuscaloosa formation
of Alabama. It is represented by a scanty
amount of incomplete material at Arthurs
Bluffs, Tex.
The genus Cissites was erected by I-Ieer in
1866 for the species Cis sites insignis, from the
Dakota sandstone of Nebraska, which presented points of affinity with the genus C1~ssus of
Linne. It is a largely developed type in the
upper half of the Cretaceous system but was
replaced after Eocene time by forms which are
definitely referable to modern allied genera
such as Cis sus and Vitis.

\)
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Order MALVALES.
Family STERCULIACEAE.
Genus STERCULIA Linne.

Sterculia Iugubris Lesquereux?
Plate-XXXVI, figure 6.
Sterculia lttgubris Lesquereux, The Cretaceous and Tertiary floras, p. 81, pl. 6, figs. 1-3, 1883.
Berry, Torrey Bot. Club Bull., vol. 39, p. ~99, pl. 31,
fig. 2, 1912.

Leaves variable in size, often large, deeply
palmately trilobate. Length from 12 to 24
centimeters.
Texture coriaceous.
Margins
entir-e. Base cuneate, decurrent. Lobes narrow linear-lanceolate, acuminate. Primaries
three, stout, prominent, diverging from the top
of the thick petiole at acute angles. Secondaries thin, camptodrome, mostly immersed in
the thick substance of the leaf.
- This striking species was described from
specimens collected in the so-called Dakota
sandstone near Golden, Colo. It is very similar
to Sterculia cliffwoodensis Berry/4 of the Magothy formation of New Jersey and Delaware.
This species is apparently represented at
Arthurs Bluff, Tex., by the single specimen
figured, which agrees very well with the Dakota sandstone forms of Sterculia lugubris.
The reference is queried, as the specimen may
represent an exceedingly slender, elongated,
almost parallel-margined form of Aralia wellingtoniana Lesquereux, which is so common at
this locality.
Order THYMELEALES.
Family LAURACEAE.
Genus BENZOIN Fabricius.

Benzoin venustum (Lesquereux) Knowlton.
Plate XXXVIII, figure 2.

Lmde:ra venusta Lesquerenx, U. S. Geol. Survey Mon. 17,
p. 95, pl. 16, figs. 1, 2, 18!l2.
Benzoin venust'Um (Lesquereux) Knowlton,, U. S. Geol.
Survey Bull. 152, p. 47, 1898.
Berry, Torrey Bot. Club Bull., vol. 39, p. 399, 1912.

Leaves of variable size, trilobate, separated
by narrow ultimately rounded sinuses about
34

Berry, E. W., New York Bot. Garden Bull., vol.3,p.88,pl. 43, fig. 5,

1903.

.
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halfway to t:P.e base into three ovate erect
lobes, which are rather bluntly or conically
pointed. The median lobe is largest and most
expanded medianly. The margins are entire,
and the lower lateral margins 3:re full and
rounded. The base is more or less decurrent.
The leaf substance is thin. Length from 4 to
10 centimeters; maximum width, about halfway between the apex and the base, from 3.5
to 9 centimeters. Petiole missing in all the
kp.own material.
Midrib stout, normally
straight. A single stout lateral primary diverges from the midrib at an acute angle at its
extreme base on either side and terminates at
the tip of the lateral lobe. The secondaries
are thin, numerous, ascending, and camptodrome, the basal lateral secondaries being
especially long and ascending, the others being
subparallel.
Tertiaries mostly percurrent,
open.
This species, which shows considerable resemblance to some of the Upper Cretaceous
forms that have been referred to the genus
sa;safras, was described from material collected in the Dakota sandstone of Ellsworth
County, Kans. Small leaves are abundant in
the characteristic concretionary specimens,
which I believe represent the true Dakota
sandstone rather than older beds in that area ..
The species is not abundant in the Woodbine
sand, but there are several specimens in the
relatively small collections from that formation, to which and the Dakota this form appears
to be confined.

curved, thin distad. Secondaries three or four
pairs; the lower suprabasilar and subopposite
pair shoul~ possibly be termed lateral primaries,
as Lesquereux called them. These lower
secondaries are thin and branch from the midrib at angles of 45° or less, sweeping upward in
a long curve, at length camptodrome. Upper
secondaries somewhat irregularly spaced, camptodrome. Tertiaries very• firi.e and more or less
obsolete. Texture coriaceous but not thick.
This attractive species is easily distinguished
from other lauraceous forms, particularly from
species of Ginnamomum, with which Lesquereux originally compared it, by its slight inequilaterality and marked falcate form, as well
as by the lack of definiteness in the triple
venation, the suprab~ar position of the socalled primaries, and the character of the
tertiary venation. It was described originally
from material found in the Dakota ·sandstone
near Delphos, Kans., and subsequently was
discovered by me in the Magothy formation of
New Jersey. Some of the specimens from the
lower part of the Tuscaloosa formation of Alabama, though the material is not extensive, are
complete and are. entirely characteristic, as is
the single specimen discovered at Arthurs
Bluff, Tex. It may readily be distinguished
from Malapoenna horrellensis Berry/ 5 of the
Upper Cretaceous Black Creek, Eutaw, and
Ripley formations, by its suprabasilar primaries
and cuneate base.

Genus MALAPOENNA Adanson.

Plate XXXVII, figure 1.

Malapoenna falcifolia (Lesquereux) Knowlton.

Oreodaphne alabamensis Berry, Torrey Bot. Club Bull.,
vol. 39, p. 400, pl. 32, 1912; U. S. Geol. Survey
Prof. Paper 112, p. 119, pl. 19, figs. 3-5, 1919.

Litseafalcijolia Lesquereux, The flora of the Dakota group,
p. 97, pl. 11, fig. 5, I892.
Malapoenna falcijolia (Lesquereux) Knowlton, U. S.
Geol. Survey Bull. 152, p. 142, 1898.
Berry, Torrey Rot. Club Bull., vol. 33, p. 180, 1906;
New Jersey Geol. Survey Ann. Rept. for 1905,
p. 139, 1906; Torrey Bot. Club Bull., vol. 39, p.
399, 1912; U. S. Geol. Survey Prof. Paper 112,
p. 122, pl. 21, fig. 5, 1919.

Leaves of relatively small size, lanceolate,
falcate. Length about 5 to 6 centimeters;
maximum width, about halfway between the
apex and the basi:' if anything slightly nearer
the base, about 1. 7 centimeters; from this
point the blade narrows to the lanceolate base
and gradually tapers to the extended acuminate
tip. Petiole not preserved. Midrib much

Genus OREODAPHNE Nees.

Oreodaphne alabamensis Berry.

Leaves of large size, ovate, from 13 to 20
cubic centimeters in length and from 4.7.5 to 7
cubic centimeters in maximum width, which
is at a point midway between the apex and
the base. From the point of gren,test width
the margins curv-e, both distad and proximad,
in a very full cury·e, narrowing rather abruptly
to the acuminate tip and also to the more or
less decurrent base. Midrip stout, curved.
Lateral prin1aries opposite, one on each side,
branchin~ fron1 the midrib at an acute angle a
considerable dista,nce above its base, rather
ar. Berry, E. W., Torrey J3ot. Club Bull., vol. 37, p. 198, pl. 24, figs.
1-9, 1910.
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straight in their course, thinner than the midrib. Above the prirnaries there is an interval,
and then about six pairs of thin, curved, approxinuttely parallel can1ptodrorne ·secondaries
branch from the 1uidrib at acute angles. The
lateral priinai-ies give off on the outside numerous regularly spaced and approximately parallel curved cam.ptodron1e secondaries, the
latter feature serving to distinguish this species
frorn other fossil species of this genus and from
Oi·nnamomum, Ooccul·us, or other genera having
smnewhat sirnilar lea~res, with which it might
be con1pared. Texture coriaceous.
This fine large species is represented at
Arthurs Bluff, Tex., by fragmentary but chara.cteristic specimens.
The description wa,s
largely drawn up from abundant and complete
n1aterial from the Tuscaloosa formation of
western Alabanw.. The specimens show considerable variation in size and some in outline,
the leaf being widest either nearer to or farther
frmn the base. In the latter form the distal
part is rrwre fully rounded and abruptly contracted to the acuminate tip, while ~he base is
more gradually narrowed and finally cuneate
rather than decurrent. In the former the
apical part is more gradually n!:lrrowed and the
base is full _and rounded abruptly, decurring
to the petiole.
This species is n1arkedly different from other
dt~scribed fossil forms but may be matched by
several modern tropical Arnerican species of
Oreodaphne. The genus Oreodaphne of Nees,
which is exclusively Arr1erican in the existing
flora, is· made a subgenus of Ocotea Aublet by
Pax in Engl_er and Prantl's "Die natiirlichen
Pflunzenfa1nilien." The genus Ocotea, which for
paleobotanic purpo8-es n1ay be considered as
composite, has about two ·hundred modern
species occurring chi~fly in the American
Tropics and ranging frorn southern Floridn to
Brazil and Pefu but having some representatives (subgenus Mespilodaphne N ees) in the
Canary Islands, South Africa, Madagascar,
and the :Mascarene Islands.
The single existing American species reaching the United States whose habit and environment may be taken as typical for the whole
genus is found in Florida, southward from
Capes Canaveral and Romano, along the shores
and islands, except on some of the western keys,
making its best growth in the rich, moist hammock hinds near the coast.
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Genus CINNAMOMUM Blume.

Cinnamomum newberryi Berry.
Plate XXXIX, figm e 3.

Cinnamomum sezannense Heer, Flora fossilis arctica, vol. 6,
Abt. 2, p. 77, pl. 19, fig. 8; pl. 33, figs. 11, 12, 1882
(not Watelet); vol. 7, p. 30, pl. 41, fig. la, 1883.
Lesquereux, The flora of the Dakota group, p. 107, pl.
12, fig. 7, 1892 (not fig. 6).
Dawson, Roy. Soc. Canada Trans., 1st ser., vol. 2, sec.
4, p. 64, pl. 13, fig. 58, 1894.
Hollick, Torre.y Bot. Club Bull., vol. 21, p. 53, pl.
180, figs. 5, 7' 1894.
Penhallow, Roy. Soc. Canada. Trans., 2d ser., vol. 8,
sec. 4, p. 46, 1902.
Hollick, New York State Mus. Fifty-fifth Ann. Rept.,
for 1901, p. r50, 1903.
·
Cinnamomum intermedium Newberry. Smith, On the geology of the Coastal Plain of Alabama, p. 348, 1894
(nomen nudum) (not Ettingshausen).
Newberry, The flora of the Amboy clays, p. 89, pl. 29,
figs. 1-8, 1896.
Berry, N ewJ ersey Geol. Survey Ann. Rept. for 1905 1
p. 139, pl. 20, figs. 2-6, 1906; Torrey Bot. Club Bull. 1
vol. 33, p. 179, pl. 7, figs. 3, 4; vol. 37, p. 27, 1910.
Hollick, The Cretaceous flora of southern New York
and New England, p. 74, pl. 29, fig. 7; pl. 30, figs.
1, 2, 1906.
Cinnamomum newberryi Berry, Torrey Bot. Club Bull.,.
vol. 38, p. 423, 1911; New Jersey Geol. Survey
Bull. 3, p. 150, pl. 16, fig. 3, 1911; U. S. Geol. Sur-vey Prof. Paper 84, pp. 54, 117, pl. 9, figs. 12, 13;:
pl. 21, figs. 9-11, 1914; Maryland Geol. Survey,.
Upper Cretaceous, p. 860, pl. 71, fig. 6, 1916; U. S ..
Geol. Survey Prof. Paper 112, p.118, pl. 21, figs. 6-9,.
1919.
Cinnamomum n. sp.? Knowlton, U. S. Geol. Survey
Twenty-first Ann. Rept., pt. 7, p. 317,1901.

Leaves subcoriaceous, lanceolate to ovatelanceolate, differing greatly in size and consequently in appearance. Apex short-pointed or
more or less narrowly extended; base broad,
narrowed to the petiole. Primaries three, usu·
ally suprabasilar.
This species is priinarily distinguished from
Oinnamomum heerii Lesquereux, which Knowlton 36 recorded from the Woodbine sand of
Cooke County, Tex., by its relatively narrower
form and acute base. The present species, as
revised according to the foregoing citations,
has a remarkable range in the Upper Cretaceous. It is recorded from the Raritan formation of New Jersey, the o~dest formation in
which it has been found. Above the Raritan
it occurs in the Atane and Patoot beds of Greenl~nd, in the Magothy formation from Long
sa Knowlton, F. H.,in H1ll, R. T., Geography and geology or the Black
and Grand prairies, p .318, 1901.
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Island to Maryland, in the Black Creek formation of North Ca~olina, in the Middendorf
arkose member of the Black Creek formation
of South Carolina, in the Bingen sand of Arkansas, in the Tuscaloosa formation of .Georgia
and Alabama, in the Eutaw formation of Georgia, in the Ripley formation of Tennessee, and
in the Dakota sandstone of Kansas. It appears to be present in the Upper Cretaceous of
the Pacific coast on Vancouver Island and to
be represented in Texas by the remains of Cinnamomum recorded by Knowlton 37 from the
Woodbine sand in Cooke County. Although
not known from Europe, the forms from the
C~nomanian of Bohemia which V elenovsky 38
described as Aralia daphnophyllum are very
similar to the American species.
The specimens found in the Dakota sandstone came from Ellsworth County, Kans., and
the range elsewhere of this species seems to
prove that the formation was the true Dakota
sandstone rather than some older sandstone.
It seems obvious that the range of this form
represents more than a single botanic species,
as no question of correlation is involved in the
eastern Gulf section from Tuscaloosa to Ripley,
but the only criteria for segregation are stratigraphic. The. leaves of Oinnamomum, both
living and fossil, are notoriously variable, so
that ·the problen1 appears insoluble.
The species is not abundant in the Woodbine
material from Arthurs Bluff, Tex., but I regard
this scarcity as merely an accident of preservation or discovery.
Cinnamomum membranaceum (Lesquereux) lloJick.

Paliurus membranaceus Lesquereux, 'Am. Jour. Sci., 2d
ser., vol. 46, 1868, p. 101; U. S. Geol. Survey Terr.
Rept., vol. 6 (Cretaceous flora), p. 108, pl. 20, fig.
6, 1874; U.S. Geol. Surv.ey Mon. 17, p. 167, pl. 35,
fig. 5, 1891 [1892].
Ginnamomum membranaceum Hollick, U, S. Geol. Survey
Mon. 50, p. 75, pl. 29, figs. 5, 6, 1906.
Berry, Torrey Bot. Club Bull., vol. 39, p. 401, 1912.

This species, which Lesquereux referred to
the genus Paliurus, was described originally
from specimens collected at Decatur, Nebr.,
and Pipe Creek, Kans. It occurs in the north.:.
ward extension 9f the Magothy formation at
Gay Head, Marth as Vineyard, Mass., and in the
Woodbine sand at Arthurs Bluff, Tex. I
a1 Knowlton, F. H., idem.
as Velenovsky, Josef, Die Flora der bohmische Kreideformation, pt. 2,
p. 10, pl. 7, figs. 5-8, 1882.

think that Hollick was entirely justified in
removing this form from Paliuru.rs, but I am
not sure t~at it is a Cinnamomum, although it
appears to be a lauraceous form. If a Cinnamomum, as is perfectly possible, it should
probably be regarded as a variant of the contemporaneous Cinnamomum newberryi, from
which it differs merely in its irregularity of
outline.
Genus LAURUS of authors.
Laurus plutonia Heer.
Plate XXXVIII, figure 5.

Laurus plutonia Heer, Flora fossilis arctica, vol. 6, Abt. 2,
p. 75, pl. 19, figs. 1d, 2-4; pl. 20, figs. 3a, 4, 5; pl.
24, fig. 6b; pl. 28, figs. 10, 11; pl. 42, fig. 4b, 1882;
vol. 7, p. 30, pl. 58, fig. 2; pl. 62, fig. 1a, 1883.
?Velenovsky, Die Flora der bohmische Kreideformation, pt. 3, p. 1, pl. 4, figs. 2-4, 1884.
Lesquereux, U. S. Geol. Survey Mon. 17, p. 91, pl.
13, figs. 5, 6; pl. 22, fig. 5, 1892; Minnesota Geol.
and Nat. Hist. Survey, vol. 3, pt. 1, p. 14, pl. A,
fig. 6; pl. B, fig. 5, 1895.
Newberry, U. S. Geol. Survey Mon. 26, p. 85, pl. 16,
figs. 10, 11, 1896.
?Fric and Bayer, Naturw. Landes. Bohmen Archiv,
vol. 11, No.2, p. 130, fig. 94, 1901.
Berry, New York Bot. Garden Bull., vol. 3, p. 79, pl.
1, figs. 9-11, 1903; Torrey Bot. Club Bull., vol. 31,
p. 77, pl. 3, fig. 1, 1904; vol. 33, p. 178, 1906; vol.
39, p. 401, 1912; New Jersey Geol. Survey Ann.
Rept. for 1905, pp. 138, 139, 1906; U. S. Geol. Survey Prof. Paper 84, p. 52, pl. 11, fig. 2; pl. 12, fig. 6,
1914; Maryland Geol. Survey, Upper Cretaceous,
p. 861, pl. 71, fig. 5, 1916; U. S. Geol. Survey Prof.
Paper 112, p. 123, 1919.
Hollick, U. S. Geol. Survey Mon. 50, p. 80, pl. 27,
figs. 9, 10, 1906; New York Bot. Garden Bull., vol.
8, p. 162, pl. 169, figs. 3-5, 1912.

Leaves lanceolate, usually tapering almost
equally in both directions but some specimens
less acute at the base. Length, 7 to 11 centimeters_; greatest width, _1.5 to 2.5 centimeters.
Midrib fairly stout. ·Petiole short and stout,
6 to 15 millimeters in length. Secondaries
slender, eight or more alternate pairs, camptodrome.
This species was described by Heer from
material collected in the Atane beds of western
Greenland, and a large number of somewhat
variable and fragmentary specimens were
figured: Subsequently it was recorded from
a very large number of Cretaceous plant beds,
so that its range both geographic and geologic
is rather extensive. A number of these records
are not entirely above suspicion, and this
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appears to be especially true of the forms from
the Cenomanian of Bohemia identified by
V elenovsky.
Lam·us plutonia is uncommon in the Raritan
formation, and I have found it only near the
top. It is abundant in the overlying Magothy
. formation from New Jersey to Maryland. In
the southern Coastal Plain it occurs in the
:Middendorf arkose member of the Black
Creek formation of South Carolina and ranges
from the base of the Tuscaloosa. formation
upward into the Eutaw formation in the
Alabama area. It was identified by Ward
from the Cheyenne sandstone of Chatman
Creek, Kans., but his material, which I have
studied, is not this species but represents
leaflets of Sapindopsis.
A single complete and characteristic leaf
and several fragments are contained in the
collections from Arthurs Bluff, Tex.
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in both ·the type and later collected material
its identification is always more or less uncertain; and it may represent a variety of Laurus
plutonia Heer or some of the forms that have
been referred to Myrica longa Heer, although
in general it is wider than the latter and more
elongated and less symmetrical than the former. A single specimen is present in the collection from Arthurs Bluff, Tex.
Order MYRTALES.
Family MYRTACEAE.
Genus MYRTONIUM Ettingshausen.

Myrtonium geinitzi (Heer) Berry.

Myrtophyllum geinitzi Heer, KreWeflora von Moletein in
,Mahren, p. 22, pl. 11, figs. 3, 4, 1872; Flora fossilis
arctica, vol. 3, Abt. 2, p. 116, pl. 32, figs. 14-17, 1874.
Fric, Naturw. Landes. Bohmen Archiv, vol. 4, No.1,
pp. 18, 94, 1878.
'
Hollick, New York Acad. Sci. Trans., vol. 12, p. 236,
pl. 6, fig. 2, 1893.
.
Laurus antecedens Lesquereux?
Myrtophyllum warderi Lesquereux, U. S. Geol. Survey
Mon. 17, p. 136, pl. 53, fig.10, 1892.
Laurus antecedens J.. esquereux, U. S. Geol. Survey Mon.
.Hollick, U. S. Geol. Survey Mon. 50, p. 97, pl. 35, fig.
17' p. 92, pl. 11, fig. 3, 1891 [1892].
13, 1906.
Hollick, U. S. Geol. Survey Mon. 50, p. 80, pl. 28,
Eucalyptus?
angustifolia Newberry, U. S. Geol. Survey
figs. 9, 10, 1906.
Mon. 26, p. 111, pl. 32, figs. 1, 6, 7, 1896.
This species, the type locality of which is
Hollick, New York Bot. Garden Bull., vol. 3, p. 408,
pl. 70, figs. 8, 9, 1894; U. S. Geol. Survey Mon. 50,
simply "Dakota sandstone of Kansas (Lacoe
p. 95, pl. 35, figs. 9, 14, 15, 1906.
collection)," is at best of doubtful validity.
Eucalyptus geinitzi Heer, Flora fossilis arctica, vol. 6, Abt.
It was described by Lesquereux as follows:
2, p. 93, pl. 19, fig. 1c; pl. 45, figs. 4-9; pl. 46, figs.
12c, d, 13, 1882.
Leaf membraneous, lanceolate, gradually tapering to
Engelhardt, Naturwiss. Gesell. Isis in Dresden Abh.
the apex, narrowed to the base, not decurrent, somewhat
77 p. 102, 1891.
curved to one side, entire, irregularly undulate; median
Lesquereux, U. S. Geol. Survey Mon. 17, p. ISS, pl.
nerve thick; secondaries oblique, curved, parallel, but of
37, fig. 20, 1892.
unequal thickness and distance, camptodrome. The
Newberry, U. S. Geol. Survey Mon. 26, p. 110, pl. 32,
leaf is 11 centimeters long, 2.5 centimeters broad below
figs. 2, 12, 15, 16, 1896.
the middle, slightly inequilateral by the partial contracKrasser, Beitrage zur Kenntniss der fossil en Kreidetion of the borders .on one side, and is not gradually narrowed to the petiole but somewhat rounded in narrowing
flora von Kunstadt in Mahren, p. 22, 1896.
to it. Its precise relation is not satisfactorily ascertained.
Fric and Bayer, Naturw. Landes. Bohmen Archiv,
vol. 11, No. 2, I-· 142, fig. 110, 1901.
The Texas material is fragmentary and of
Berry, New York Bot. Garden Bull., vol. 3, p. 87, pl.
doubtful identity.
pl. fig. 3, 1903; Torrey Bot. Club Bull., vol. 31, p. 78,
pl. 4, fig. 5, 1904; vol. 33, p. 180, 1906; vol. 34, p.
Genus LAUROPHYLL UM Goeppert.
201, pl. 15, fig. 4, 1907; vol. 37, p. 26, 1910; vol.
39, p. 402, 1912; New Jersey Geol. Survey Ann.
Laurophyllum minus Newberry.
Rept. for 1905, p. 138, 1906.
Laurophyllum minus Newberry, U.S. Geol. S'!lrvey Mon.
Hollick, U. S. Geol. Survey Mon. 50, p. 96, pl. 35,
26, p. 87, pl. 17, figs. 7-9, 1895 [1896].
figs. 1-8, 10-12, 1906.
Berry, N. J. Geol. Survey Bull. 3, p. 149, 1911;
·Hollick, New York Bot. Garden Bull., vol. 8, p. 166,
Torrey Bot. Club Bull., vol. 39, p. 402, 1912.
pl. 180, figs. 1, 2, 1912.
Berry, U. S. Geol. Survey Prof. Paper 84, p. 56, pl.
This speCies, which is of doubtful validity,
13, figs. 8-12; pl. 14, fig. 1, 1914; New Jersey Geol.
was. described from material collected in the
Survey Bull. 3, p. 189, 1911; Maryland Geol. SurRaritan formation of New Jersey, and I have
vey, Upper Cretaceous, p. 870, pl. 81, figs. 1-5,
found it o:nly in the upper part of that forma·1916; U. S. Geol. Survey Prof. Paper 112, p. 126,
tion. In the absence of venation characters
pl. 28, fig. 8, 1919 ..
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This widespread and characteristic Upper
Cretaceous species is found in this country
from the base of the Raritan formation of New
Jersey upward into the Black Creek formation
of the Carolinas. Abroad it is common in the
Cenomanian and ranges upward into the
Turonian. The type locality is in the Cenomanian of Moravia, but the species has also
been recorded from the Atane beds of.western
Greenland and from the Dakota sandstone of
the West. In the Alabama Cretaceous it has
been collected only from the lower part of the
Tuscaloosa formation.
Several characteristic specimens are present
in the collections from· Arthurs Bluff, Tex.
This species was r~corded by Ward from the
Cheyenne sandstone at Chatman Creek, Kans.,
but the material upon which the record was
based. is referable to the genus Sapindopsis.
Order UMBELLALES.
Family ARALIACEAE.

Genus ARALIA Linne.
Aralia wellingtoniana Lesquereux.
Plate XXXVII, figure 3; Plate XXXVIII, figures 3, 4.

Aralia wellingtoniana Lesquereux, U. S. Geol. Survey
Mon.17, p. 131, pl. 21, fig. 1 (pl. 22, figs. 2, 3, is not
this species but Aralia saportana Lesquereux), 1891
[1892].
Newberry, U. S. Geol. Survey Mon. 35, p. 114, pl. 26,
fig. 1, 1895 [1896].
Berry, New Jersey Geol. Survey Bull. 3, p. 202, pl.
25, fig. 7, 1911; Torrey Bot. Club Bull., vol. 39, p.
402, 1912.
Aralia coneinna Newberry, U. S. Geol. Survey Mon. 16,
16, p. 114, 1895 [1896].
Aralia wellingtoniana vaughanii Knowlton, U. S. Geol.
SurveyTwenty-firstAnn.Rept.,pt. 7, p. 317,1901.

This handsome .. species is described by
Lesquereux as being palmately three to five
lobed, but it certainly seems significant that
all the forms from the Raritan formation are
three-lobed and that the five-lobed forms from
the Dakota sandstone referred by Lesquereux
to this species are indistinguishable from his
species Aralia saportana, which occurs at the
same horizon and, in part at least, at the same
·
locality.
This is the most abundant form collected at
Arthurs Bluff, Tex., there being 15 specimens
in the one small collection made by St"anton
and Stephenson and as many more in the old

0

collections made by Hill and Vaughan. These
are all trilobate, and the majority have toothed
margins and agree exactly with the Raritan
leaves of this species and with the trilobate
leaves from the Dakota sandstone like the one
figured by Lesquereux on his Plate XXI,
figure 1.
In the light of our present knowledge Aralia
wellingtonia may be redescribed in the following
terms:
Leaves variable in size, 10 to 20 centimeters
in length by 8 to 15 'centimeters ·in maximum
width from tip to tip of tlie lateral lobes;
average size about 15 centimeters in length by
11 centimeters in width; coriaceous, palmately
deeply trilobate, with a rapidly narrowed and
more or less extended decurrent base; lobes
long, lanceolate, widest in the middle and
narrowing below, somewhat abruptly acuminate, the medium slightly the longest, diverging at an angle of about 30°, separated by
sinuses extending more than halfway to the
base, narrowly rounded; margins entire below
and for varying distances upward, som~times
throughout, generally passing gradually into
dentate-serrate teeth, one to each secondary
or less, prominent in some specimens, where
they are more or less extended and directed
upward, separated by wide, shallow sinuses.
Primaries stout, suprabasilar, the median
slightly larger than the laterals. Secondaries
numerous, thin, regular, subparallel, ascending,
as the angle of their divergence from the
primaries averages· about 33°, but slightly
curved in their course, ultimately craspedodrome in the distal parts of the leaf, where the
margin is toothed, and camptodrome in the
basal half ·of the leaf, where the margin is
entire. Areolation indistinct, reticulate, of
quadragonal or polygonal meshes. The smaller
leaves are relatively shorter and broader,
with less extended lobes and more open and
less deep sinuses.
The present· species was confused by Ward 39
with what was subsequently differentiated
as Aralia cottondalensis Berry, 40 of the Tuscaloosa formation, which has shorter, more
conical lobes, a broadly rounded base, and
more crenate marginal teeth.
a~ Ward, L. F., in Smith, E. A., Geology of the Coastal Plain of
Alabama, p. 348, 1894.
40 Berry, E. W., U.S. Geol. Survey Prof. Paper 112, p. 128, pl. 26,
figs. 1-3, 1919.
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The present species is also very sintilar to
Aralia decurrens V elenovsky, 41 frorn the
Cenomanian of Bohemia, which, howe-ver, has
relatively narrower and more elongated lobes,
with coarser teeth, and deeper sinuses.
In reporting on a collection made by
·Vaughan at Arthurs Bluff, Tex., and now in
the United StatesN ational Museum, Knowlton 42
mention~ Aralia wellingtoniana vaughanii n.
var. as the most abundant form observed.
This variety was distinguished frQm the type
"by its trilobate form, more slender lobes, and
entire margins." A study of this mat.erial has
satisfied me that it is not distinct from the
normal Aralia wellingtoniana, which shows
every gradation in size and ranges fron1 entire
to more or less completely toothed margins.
Aralia saportana Lesquereux?
Aralia saportana Lesquereux, U,. S. Geol. and Geog. Survey Terr. Bull., vol. 1, p. 394, 1875 [1876]; idem,
Ann. Rept. for 1874, p. 350, pl. 1, figs. 2, 2a, 1876;
U. S. Geol. Survey Terr. Rept., vol. 8 (Cretaceous
and Tertiary floras), p. 61, pl. 8, figs. 1, 2; pl. 9, figs.
1, 2, 1883.
Aralia wellingtoniana Lesquereux, Flora of the Dakota
group, p. 131 (part), pl. 22, figs. 2, 3 (not pl. 21, fig.
1), 1892.

This species was described by Lesquereux as
follows:
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toons, emitting under the teeth short branches which enter
them. There are not any intermediate tertiary veins, but
the nervilles are strong, often continuous, anastomosing in
the middle .of the areas and forming by subdivisions a
small quadra.ngular areolation.

The material from Arthurs Bluff, Tex., Is
scanty and not positively deterinined.
Family CORNACEAE.
Genus CORNOPHYLLUM Newberry.

· Cornophyllum vetustum Newberry.
Cornophyllum vetustum Newberry, The flora of the Amboy
clays, p. 119, pl. 19, fig. 10, 1896.
Berry, New Jersey Geol. Survey Bull. 3, p. !96, 1911;
Torrey Bot. Club Bull., vol. 39, p. 404, 1!H2; U. S.
Geol. Survey Prof. Paper 112, p. 129, 1919.

Leaves elliptical, 7 to 8 centimeters in length
by about 4 centimeters in maximum width,
with an acute apex and base, the base slightly
decurrent and inequilateral. Margin entire,
very slightly and inconspicuously undulate.
Midrib slender and straight. Secondaries
slender, about seven pairs, opposite or alternate, branching from the midrib at angles of
about 45° and strongly curved upward, approximately parallel and camptodrome; they
in~rease in length from the apex to the base,
the lower ones sweeping upward in strong
arches parallel with the margin and all drawn
inward toward the apex.
With the exception of the delicate and somewhat flexuous character of the venation, these
leaves are strictly comparable- with those of
Oornus, good species of which, very similar to
this species, occur in the Dakota sandstone of
the West, in Greenland, and in the Magothy
formation of Maryland.
This species is found also in the Raritan
formation of New Jersey and the Tuscaloosa
formation of Alabama.

Leaves large, subcoriaceous, triple-nerved and fivelobate by division of the lateral nerves, fan-shaped in out..
line, narrowed in a curve or broadly cuneate, and decurring.to a long, slender petiole; lobes narrowly lanceolate or
linear-lanceolate, acute or blunt at the apex, equally
diverging, distantly dentate from below the middle upward; secondary nerves subcamptodrome.
This beautiful species is known by numerous finely
preserved specimens. The leaves, 9 to 20 centimeters
long from the top of the petiole to the sumit of the middle
lobe, are of the same width between the points of the
lower lateral lobes; the petiole is long and comparatively
~lender, though appearing thick upon one of the speciOrder ERICALES 1
mens, probably enlarged and flattened by compression.
Family ERICACEAE 1
The preserved broken part on one of the leaves measures 5
Genus ANDROMEDA Linn~.
centimeters. The lobes cut down to about two·-thirds of
;'\ndromeda
novaecaesareae Hollick.
the leaves are narrowly lanceolate, slightly narrower near
Plate XXXVIII, figure 1.
the obtuse sinuses, equally diverging, the lower lateral
ones much shorter, curved down, and decurring to .the Andromeda novaecaesareae Hollick, in New berry, The
base of the leaves. 'l'he leaves, triple-nerved from the
flora of the Amboy clays, p. 121, pl. 42, figs. 9-12,
division of the primary nerves a little above the base,.
28-31, 1896.
become five-nerved from the forking of the lateral nerves
Smith, On the geology of the Coastal Plain of Alabama,
at a short distance from their base. The secondary veins
p. 348, 1894.
() emerge at an acute angle of 30°, curve in ascending to the
Berry, Torrey Bot. Club Bull., vol. 33, p. 181, 1906;
borders, and sometimes enter the teeth by their ends; the
vol. 34, p. 204, 1907; vol. 37, p. 29, 1910; vol. 39, p.
upper more generally follows close tci the borders in fes405, 1912; vol. 43, p. 301, 1916; vol. 44, p. 188, 1917;
New .Jersey· Geol. Survey Bull. 3, p. 204, pl. 25~
o Velenovsky, Josef, Die Flora der bohmische Kreideformation,
fig. 6, 1911; U. S. Geol. Survey Prof. Paper 84, p.
pt. 3, p. 11, pl. 4, fi~. 5-7, 1884.
58, pl. 14, figs. 5, 6,1914; U. S. Geol. Survey Prof.
-12 Knowlton, F. H., U. S. Geol. Survey Twenty-first Ann. Rept.,
Paper 112, p. 129 (part), pl. 30, figs. 1, 2, 1919.
pt. 7, 317, 1901.

/

178

SHORTER CONTRIBUTIONS TO GENERAL GEOLOGY, 1921.

Leaves small, thick, and entire, with stout
petioles and midribs and obscure secondary
venation which is immersed in the thick lamina. Length 2.5 to 5 centimeters; width 0.9
to 1.3 centimeters. Venation, where visible,
showing numerous parallel, camptodrome,
relatively long and thin secondaries, which
branch from the midrib at acute angles.
Though the majority of these leaves are equally
acuminate at both ends, there is considerable
variation in this respect, and a well-marked
tendency is shown in many specimens that are
relatively broader, especially in the upper half,
toward an obtusely rounded apex, the termination of the midrib showing as a small mucronate
point .. The base in these forms gradually narrows to the stout petiole. The variations in
outline of this species are well shown in the
figures reproduced in Newberry's monograph.
Typical leaves of this species are not uncommon at Arthurs Bluff, Tex. It was described originally from specimens found in the
upper part of the Raritan formation of New
Jersey and has subsequently been recognized
in the Magothy, Black Creek, and Tuscaloosa
formations of the southeastern Atlantic Coastal
Plain and in the Bingen sand of Arkansas.
Somewhat similar obovate leaves of very
coriaceous. texture, formerly confused with
this species, are somewhat younger and have
recently been transferred by me to the genus
Euphorbiophyllum.
It may well be questioned whether this and
the following species of Andromeda should be
referred to the Ericales. Certainly ~he present
form has numerous points of contact with the
leaves of Eug.e.nin, which has, been positively
reeognized in the lower Eocene floras of this
general region.
Andromeda snowii Lesquereux.
Andromeda snotvii Lesquereux, U. S. Geol. lmvey Mon.
11, P· 117, pL 11, fig. 16, 1891 r1892J.
Berry, Torrey Bot. Club Bull., vol. 39, p. 405, 1912.

Leaves small, entire, coriaceous, lanceolate,
broadest in the middle and equally acute at
both ends. Length 4.5 centimeters; maximum
width 1.5 centimeters. Midrib stout. Secondaries oblique, regularly spaced, subparallel,
camptodrome.
This speci~s, of doubtful distinctness from
the preceding, was described· originally from
material collected in the Dakota sandstone of

Ellsworth County, Kans. It is represented
by a single specimen from Arthurs Bluff, Tex.
lt resembles the lanceolate leaves of the preceding species but is broader, with less numerous and much less ascending secondaries.
Order EBENALES.
Family EBENACEAE.

Genus DIOSPYROS

Linn~.

Diospyros primaeva Heer.
.~

Plate XXXIX, figure 2.

Diospyros primaeva Heer, Phyllites cretacees du Nebraska, p. 19, pl. 1, figs. 6, 7, 1866; Flora fossilia
arctica, vol. 6, Abt. 2, p. 80, pl. 18, fig. 11, 1882;
vol. 7, p. 31, pl. 51, figs. 5a, b, c, 1883.
Englehardt, Naturwiss. Gesell. Isis in Dresden Abh.
7, Jahrg. 1891, p. 98, 1892.
Lesquereux, The flora of the Dakota group, p. 109,
pl. 20, figs. 1-3, 1892.
Smith, On the geology of the Coastal Plain of Alabama,
p. 348, 1894.
Newberry, The flora-of the Amboy clays, p. 124, pl.
30, figs. 1-5, 1896.
·
·Knowlton, U. S. Geol. Survey Twenty-first Ann.
Rept., pt. 7, :R· 317, pl. 39, fig. 3, 1901.
Berry, Torrey B'ot. Club Bull., vol. 32, pl. 2, 1905;
. vol. 34, p. 204, 1907; vol. 38, p. 417, 1911; New
Jersey Geol. Survey Bull. 3, p. 211, pl. 29, fig. 1,
1911.
Hollick, The Cretaceous flora of southern New York
";. and New England, p. 103, pl. 42, figs. 2, 11, 1906.
Berry, Maryland Geol. Survey, Upper Cretaceous,
p. 894, pl. 90, fig. 4, 1916; U. S. Geol. Survey Prof.
Paper 84, p. 61, pl. 11, fig. 3; pl. 14, figs. 12, 13,
1914; Torrey Bot. Club Bull., vol. 43, p. 303, 1916;
U. S. Geol. Survey Prof. Paper 112, p. 134, pl. 30,
fig. 3, 1919.

Leaves oblong-ovate, variable according to
age, ranging from 3 to 15 centimeters in length
by 1.3 to 5 centimeters in greatest width, which
is in the middle part of the leaf. Apex acute
or obtuse. Base cuneate. Margins entire.
Petiole rather long and very stout. Midrib
also stout. Secondaries branching from the
midrib, generally at .acute angles, subopposite
to alternate, parallel, camptodrome. Tertiaries forming polygonal areoles, whose rela- ·
ti:ve prominence is one of the features of this
spec1es.
This species, which is suggestive of the
1nodern Diospyros virginiana Linne, was described by Heer from specimens collected in
the Dakota sandstone of Nebraska over half 4
a century ago. It has proved to be a form of
very wide range, having been identified at both
the Atane and Patoot horizons in Greenland,
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POSITION UNCERTAIN.
from the Cenomanian of Niederschoena in
Saxony, and from various localities within the
Genus TRICALYCITES Newberry.
Dakota sandstone; and with the exception of
Tricalycites papyraceus Hollick.
the fragments from Marth as Vineyard and
Plate XL, figure 9.
Long Island, which are of questionable identity, Tricalydtes papyraceus Hollick, Torrey Bot. Club Bull.,
vol. 21, p. 63, pl. 180, fig. 8, 1894.
it is common in the Raritan and Magothy forNewberry,
U.S. Geol. Survey Mon. 26, p. 132, pl. 46,
mations, or their hornotaxial equivalents, from
figs. 30-38, 1896.
New Jersey to Alabama.
J\ollick, New York Acad. Sci. Annals, vol. 11, p. 423,
Its most marked chnracter is the prominence
pl. 37, figs. 1, 2, 1898; New York Bot. Garden Bull.,
of its. tertiary areolntion. It is common at
vol. 2, p. 405, pl. 41, fig. 3, 1902; U.S. Geol. Survey
Mon. 50, p. 109, pl. 5, :figs. 8-12, 1906.
various localities in the lower part of the TusBerry,
Torrey Bot. Club Bull., vol. 31, p. 81, pl. 1,
caloosa formation of western Alabama and config. 4, 1904; vol. 39, p. 405, 1912; New Jersey Geol.
tinues upward into those beds in Hale County
Survey Ann. Rept. for 1905, p. 139, 1906; New
which have been placed in the basal portion of
Jersey Geol. Survey Bull. 3, p. 221, 1911; U. S.
the Eutaw formation and into the Coffee sand
Geol. Survey Prof. Paper 112, p. 137, pl. 28, figs.
1-5, 1919.
member of that formation in Tennessee. It is
undoubtedly present, but not common, in the
This very charncteristic tri-alate fossil is
collections from Arthurs Bluff, Tex .
abundant in the middle and upper purts of the
Raritan forn1ation of New Jersey. It occurs
Order RUBIALES.
spn.ringly m the overlying Magothy form~tion
and is very common in t.he lower part of the
Family CAPRIFOLIACEAE.
Tuscaloosa formation in western Alabama. It
is abundant at Arthu:rs Bluff, Tex., the present
Genus VIBURNUM Linn~.
collection containing eight typical specimens,
Viburnum robustum Lesquereux.
s01ne of then1 cmnplete. They are in exact
agreement with the Tuscaloosa forms and
Plate XXXIX, figure 4.
derrwnstrate what is discussed stt length in my
Viburnum robustum Lesquereux, U.S. Geol. Survey Mon.
aecount of the Tuscaloosa flora, that the
17, p. 120, pl. 20, figs. 4-6, 1891 [1892].
Knowlton, U. S. Geol. Survey Twenty-first Ann. upproxi1nately parallel longitudinal venation of
the wings is really a more or less forked and
Rept, pt. 7, p. 317, 1901.
Berry, Torrey Bot. Club Bull., vol. 3!), p. 405, 1912.
anastomosing venation, thus allying these
Leaves shortly and broadly ovate, generally fossils in a. renwte way with such Inodern genera
widest below the middle, narrowing upward to as Fatica, of the Dipterocarpaceae.
This forrn, despite its uncertain botanic
the obtuse tip. Base cuneate, slightly decuraffinity,
is an important stratigraphic type,
rent to the thick petiole. Margins entire, often
readily
and
surely recognized at all times. It
somewhat undulate.
Texture coriaceous .
.
characterizes
the Tuscaloosa, Woodbine, RariLength 7 to 10 centimeters; maximum width
tan,
and
~Iagothy forn1ations but has never
5 to 6 centimeters. Petiole long and stout,
about 3 centimeters in length. Midrib stol!t. been discovered in the Dakota sandstone.
Secondaries stout, ascending, so:mewhat irreguGenus CARPOLITHUS of authors.
larly spaced, rather straight, c::tmptodrome or
Carpolithus sp. 1.
brachydrome.
A coriaceous, ova.te, concuvo-convex scale or
This species is represented by characteristic fruit of unknown botanic affinity, represented
specimens from Arthurs Bluff, Tex. It was by a single specin1en in the Woodbine snnd at
described originally from material collected in Arthurs Bluff, Tex. It is of no value, either
Ellsworth County, Kans., and is not known geologic or botanic, but is entirely unlike
[ previously described furms.
from other areas.
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Carpolithus sp. 2.

Carpolithus sp. 3.

Plate XL, figure l.

Plate XL, figures 2~4.

A coriaceous valve of a capsule or pod,
laterally compressed, oval, and acuminate at
both ends. About 1.5 centimeters in length
and 8 millimeters in maxin1um width, in the
median region. Represented by a single specimen in the Woodbine sand at Arthurs Bluff,
Tex., and of unknown botanic affinity. Suggestive of a valve of some coriaceous, singleseeded leguminous form.

A rhomboidal or obovate object with a somewhat transversely wrinkled, broadly rounded
apex and a cuneate base, marked below the
transversely striated apical arc by ascending,
closely spaced, acutely forking subparallel
veins. Of unknown botanic affmity, probably
bracteate in character. Represented by three
specllnens in the Woodbine sand at i\.rthurs
Bluff, Tex.

FIGURE 11.-Cut in t he W oodbin e sand near Arthurs Bluff, Tex.

'

PLATES XXXVI-XL
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FOSSIL PLANTS FROM THE WOODBINE SAND.
1, Brachyphyllum m acrocarpum formos um Berry; 2, Podozamitcs l a n<'colatus (Lindley and Hutton ) F. Braun; 3, Liriodendron
qucrc irolium New b err-y ; 4, Zizyphus lamarensis Berry; 5, Trochodendroides rh omboideus llerry; 6, Sterculia lugubris
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FOSSIL PLANTS FROM THE WOODBINE SA D.
l, Oreod aphne alabamens is Berry; 2, Rhus reddiliformis BP.rry; 3 , Aralia wclliogLOn iana Lesqucreux:.
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FOSSIL PLANTS FROM THE W000131NE SAND.
1, Andromeda novaecaesareae H ollick; 2, Benzoin venus tum (Lesqucr~ux) Know lton; 3, 4, Aralia wcllingtoo iana Lesquereux;
5, Laurus plutonia H eer.
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FOSSIL PLANTS FROM THE WOODBINE SAND.
1, Ficus daphnogenoides (Heer) B erry; 2, Diospy ros prim aeva H eer; :3, Cinuamomum n ewberryi Berry; 4, Viburnum
robus tum Lcsq uereux ; 5, l\1yrica Ionga (Heer) Heer.
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7
FOSSIL PLANTS FROM THE WOODBINE SAND.
l, Carpolithus sp. 2; 2, 3, 4, Carpolithus sp. 3; 5, CissiLes formosus Heer; 6, Magnolia speciosa Heer; 7, Rhamnus tenax
Lesquereux, 8, Palaeocassia laurinea Lesquereux; 9, Tricalycites papyraceus Newberry.

GEOLOGY OF THE LOWER GILA REGION, ARIZONA.
By

CLYDE

INTRODUCTION.

In 1917 and the early part of 1918 the writer
made an investigation of desert watering
places and routes of travel in a part of southwestern Arizona. The results of this work
arc to be published in two water-supply papers
of the United States Geological Survey--a
prelim.inary report giving information in regard
to roads and watering places and a final report
which is to include also much miscellaneous
information on the geology, geography, and
hydrology of the region. In the present report
the geologic information obtained in the
course of the work is summarized. As the
geologic investigation was neces~arily of a
reconnaissance charaeter, the inform.ation obtained is incomplete, but much of it is new.and
it is hoped will prove of value.
The area covered lies in the central part of
Yuma County a.nd the western part of Maricopa County, Ariz. In Maricopa County it
inr.ludes an irregularly triangular region with
Phoeni_"" at its eastern vertex, bounded on the
north and northeast by the road fro:m Phoenix
through Wickenburg to Wenden and on the
south by the valleys of Salt and· Gila rivers
and extending westward to the eow1ty boundary. In Yuma County the area is bounded on
the north by the road between Wen den and
Parker through Cunningham Pass and on the
south by the valley of Gila River and extends
entirely aeross the county to the western
boundary, Colorado River.
The commercial development of such a region
t:L8 the one here described is intimately related
to the geology. The hope of finding mineral
deposits usually furnishes one of the initial
incentives for pioneering in such regions.
When promising deposits are found, as they
have been here, towns spring into existence
and the settlement of the country commences.

P. Ross.

In the early days in southwestern Arizona fur
trapping vied with prospecting as an occupation for the adventurous frontiersmen. When
the cotmtry became a little better known and
more settled, cattle raising and farming were
introducP.(!. Both of these industries, particularly farming, . depend for their success on a
s~1pply of water. The available surface water
here soon proved insufficient, and the settlers
began to utilize the ground water by means of
wells. The distribution, quantity, and quality
of the ground water in a region are directly
dependent oh the geology and physiography of
the region.
ROCK FORMATIONS.

At first glance most of the mountain:::! in this
section of the country present a very similar
appearance. Examination soon shows, however, that they are composed of rocks of anumber of very diverse types. There are great
masses of ancient metamorphic rocks, of
granites and granitic gneisses, and of lavas and
tuffs belonging to at least two distinct periods,
together with subordinate amounts of sediments associated with the older lavas and
tuffs, and sand and gravel filling the valleys
between the ranges. More detailed work will
undoubtedly result in still further subdivision
of the rocks. The metamorphic rocks certainly
represent two and probably more than two
periods. The granitic rocks belong to at least
two periods of intrusio~.
BASAL COMPLEX.

Definition.-Highly metamorphosed sedimentary rocks with associated granitoid
gneisses and other rocks of igneous origin
make up the whole or a large part of many
of the mountain ranges in this region. , These
rocks will be referred to collectively as the
basal complex. They may be divided into
183
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four general groups-(1) igneous rocks, (2)
highly metamorphosed schistose rocks, probably in the main of sedimentary origin, (3)
thoroughly metamorphosed but much less
schistose sedimentary rocks separated from
those of the second group by an unconformity,
and (4) metamorphosed but not schistose
limestone and quartzite, the youngest sedimentary rocks in the basal complex. The
igneous rocks may be further subdivided into
batholithic masses with associated dikes and
a group of somewhat younger dikes which
cut the less metamorphosed portions of the
basal complex.
Distribution and charact(3r.-This ancient
complex is present in every mountain range
and almost every range of hills in the region
under consideration. Even in those mountainous areas where it is not shown on the
geologic map (Pl. XLV, in pocket) outcrops
can be found in stream beds that have been
cut through the younger formations which
elsewhere cover · it. In some of the hills,
especially those which are composed of basaltic lavas, such as the Bouse Hills and Palo
Verde Hills, metamorphic rocks do not occur.
Many of the exposures of the basal complex
consist of granitoid rocks. The bulk of these
rocks are gray and pinkish gneisses which
before their metamorphism were normal granites and intrusive rocks of similar types.
These rocks are older than nearly all the other
formations in the region, and they crop out in
most of the mountain ranges. Plate XLI, B,
shows. their typical appearance. There are
also in the region certain younger granites,
not gneissoid, which Bancroft 1 considers to
be Mesozoic. These are very similar in superficial appearance to the ancient granites in
the several areas of such rocks mapped by
previous workers. (See geologic map, Pl.
XLV.) In the Buckskin Mountains near
Osborne's Well the:r:e are outcrops of a fresh
gray granite with no suggestion of gneissic
structure. This rock contains specularite in
places and perhaps has been otherwise. mineralized, as several shallow prospect holes
have been sunk in it. Probably it belongs to
the group of Mesozoic intrusive rocks. The
1 Bancroft, Howland, A reconnaissance of the ore deposits in northern
Yuma County, Ariz.: U. S. Geol. Survey Bull. 451, p. 29, 1911.

boundaries of this mass were not mapped.
Jones 2 reports the presence of Mesozoic intrusive rocks near· Kofa, in the S. H. Mountains
and in the Dome Rock Mountains. Bancroft 3 found dikes probably of Mesozoic age
in the Harcuvar Mountains and Granite
Wash Hills. It is probable that there are
other areas of igneous rock of this age in the
region.
The basal complex also includes small dikes
composed for the most part of diabase and
pegmatite. They are of general occurrence
but have nowhere been found in large quantity. Bancroft 4 describes these rocks and also
mentions certain exposures in the region north
of that covered by the present report which he
considers to be metamorphosed lava flows genetically related to the diabasic intrusive rocks.
In the Buckskin Mountains between Butler
Well and Midway there are some good exposures ·of the ancient rocks. At one place in
particular the unconformity between the major
series of" metamorphosed sediments, described
below, and the gneiss can be clearly seen.
Associated with the gneiss and clearly below
the surface of unconformity are ~ntensely
metamorphosed schists, mostly somewhat chloritic: In the Gila Bend Mountains also there
are small masses of fine-grained mica schists
and quartzose schists included in the gneiss.
At the southern extremity of the Big Horn
Mountains, just north of the Palo Verde mine,
is a hill composed entirely of dark-green
foliated chloritic schist. (See Pl. XLI, A.)
This rock is different from any observed elsewhere in the area, but pres.umably it is related
in age to the rest of the metamorphic rocks.
As it is very highly schistose, it is probably
related to the most ancient of the schistose
rocks. Blanchard 5 reports inclusions of metamorphosed limestone and dolomite in a few
places in the gneiss of the Buckskin Mountains.
In one outcrop of dolomite he found what he
considers may be indistinct traces of organic
remains.
2 Jones, E. L., jr., A reconnaissance in the Kofa Mountains, Ariz.:
U.S. Geol. Survey Bull. 620, pp. 151-164, 1916; Gold deposits near Quartzsite, Ariz.: Idem, p. 47.
a Bancroft, Howland, op. cit., p. 30.
• Idem, p. 28.
5 Blanchard, R. C., The geology of the western Buckskin Mountains,
Yuma County, Ariz.: Columbia Univ. Contr. Geol. Dept., vol. 26, No.1,
pp. 33-34, 1913.
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PT,A'fE XT,l

HILLS OF CIILORITIC SCIIIST AT THE NORTH END OF THE BIG HORN MOUNTA I NS,
NEAR THE PALO VERDE MINE, MAIUCOPA COUNTY, ARIZ.

B.

GONZALES WELLS, DOME ROCK MOUNTAINS, YUMA COUNTY, ARIZ.

The mountains in the background show the typical appearance of rocks of the basal complex.
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PLATE XLII

A PJ.UG OF LATITE OF TERTIARY AGE I THE DOME ROCK MOUNTAINS, ABOUT 4 MILES
SOUTHWEST OF QUARTZSITE, YUMA COUNTY, ARIZ,

B. BLACK BUTTE, CACTUS PLAIN, NEAR OSBOHNE'S WELL, YUMA COUNTY, ARIZ.
An irregular intrusion of gabbro int.o Tertiary rocks.

GEOLOGY OF THE LOWER GILA REGION, ARIZONA •.

The best exposures noted of the second type
of metamorphic rocks of sedimentary origin are
those in the Harcuvar, Harquahala, and Little
Harquahala mountains, but they also occur in
some of the other ranges. Interbedded limestones and quartzites are common, and the con. trast in hardness between the rocks of these two
types makes the bedding visible at considerable distances. The angles of dip in nearly all
exposures noted are very moderate, and in
most places the beds are nearly flat. Some of
the lower beds in this series appear to be similar
in composition to the underlying gneissic
granite. They are doubtless metamorphosed
.arkosic sandstones derived from the ancient
granitic rock. All the rocks of this series are
notably metamorphosed, but many of them
are not markedly schistose. Bancroft states
that some of the calcareous rocks are dolomites.
It is quite possible that more detailed work
will result in further subdivision of this series.
No attempt has been made to measure the
thickness, but it is certainly considerably over
500 feet.
These rocks rest unconformably on the
granitic gneisses which are so widespread in
this region. The best exposure of the unconformity found is in the Buckskin Mountains on
the road between Midway and Butler Well.
At this locality gray granitic gneiss, inclosing
masses of sericitic and chloritic schist, crops
out. The schistosity strikes N. 30° W. and
dips steeply to the southwest. These rocks are
overlain by a mass of distinctly bedded but
metamorphosed quartzite and sandstone, with
some fine-grained crystalline limestone. The
sandstone, especially near the base, is composed
of debris from the gneiss below. Schistosity
has been developed, especially in the sandstone, but it is not nearly so pronounced as it
is in the lower rocks. The parting planes are
parallel to the bedding. The beds have ·been
crumpled, but not greatly. The maximum dip
observed is 15°, and most of th~ beds are nearly
flat: The average strike is N. 55° W., and the
general dip is southwesterly. The section of
the mass here exposed is over 150 feet thick.
The contact between it and the gneiss and
schist is somewhat irregular and is evidently an
erosional contact. Both the older and the
younger rocks are cut by small dikes of metamorphosed trap and by a dike ·composed
entirely of microcline.
32333°--22----15
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The known occurrences of the least metamorphosed sediments of the basal complex
comprise those at the Socorro mine, in the
Harquahala Mountains, and those in the
northern portion of the Plomosa Mountains.
Ban~roft 6 has studied the section at the
Socorro mine and gives the following description of it:
Coarse-grained granite which shows some schistosity ie
the basal rock in this locality and is similar to the preCambrian granite so universally present in this area.
Resting unconformably upon the granitic rock is a series
of slightly metamorphosed sediments, of which about
150 feet of. fine-grained grayish-red quartzite forms the
base. This is overlain by several hundred feet of yellowish-brown limestone, the upper portion of which contains
intercalated argillites and quartz-mica schists. Strata of
schistose shaly limestone and a rock very closely resembling a dolomite (containing, however, fragments of
quartz) were noticed near the contact of the quartzite and
the overlying limestone.

In the Plomosa :Mounta_ins, near the Little
Butte ,mine, there are limestones similar to
those at the Socorro mine, but their relations to
the underlying rocks were not determined.
At no place were any of these comparatively
slightly metamorphosed sedimentary rocks
observed in contact with any of the highly
metamorphosed sedimentary rocks in the
region, and the relations between them were
therefore not determined. The lithologic
character of the least metamorphosed rocks is
similar to that of some of the Paleozoic sedimentary rocks at Globe, Ariz. For this reason
and becau~e of their relation to rocks that are
airpost certainly pre-Cambrian and their comparatively small metamorphism, it seems
probable that they are of Paleozoic age. The
lack of fossils renders positive correlation
impossible.
There can be little doubt that the granitic
gneisses and .a,ssociated metamorphosed sedimentary rocks just described, with the possibl_e
exception of the youngest of the sedimentary
rocks, are of pre-Cambrian age. The fact that
no fossils which can be used to determine ·the
age of the beds have yet been found in any of
the rocks examined during the present investigation makes all the determinations of the age
of formation somewhat uncertain. However,
it can not be questioned that these metamorphic rocks are v~ry old. Some of them
might conceivably be Paleozoic, but the
s Bancroft, Howland, op. cit., pp. 111-112.
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absence of fossils is a strong argument against
this possibility, for most of the Paleozoic rocks
of the region are fossiliferous. The fact that
all these rocks except the youngest group are
very much more metamorphosed than the
known Paleozoic formations to the north and
east is another strong reason for believing that
they are pre-Cambrian rather than Paleozoic.
There is no reason for believing that. there has
been more metamorphism in this area since
Paleozoic time than has occurred in the Ray
and Globe mining districts. The limestone
and quartzite of the youngest group are not
much if any more metamorphosed than similar
rocks of Paleozoic age at Ray and Globe.

them are supposed to be Miocene. This supposition is based principally on their field
relations to rocks of known age, the paleontologic evidence within the rocks themselves being scanty or lacking.
Overlying the Tertiary beds and associated
with the unconsolidated or partly consolidated
Qua ternary sand and gravel are basalt flows
of early Quaternary age. These will be discussed under the Quaternary formations. The
faulted and uplifted basalts that cap many of
the mountains, however, are considered to be of
Tertiary age.
The amount of sedimentary material associated with the Tertiary lavas is small compared to the total thickness of the lavas. The
TERTIARY FORMATIONS.
sedimentary rocks are of geologic importance,
however, for they furnish clues as to the condiGENERAL FEATURES.
tions existing at the time these great flows
.Lavas occur throughout the area covered by occurred~ They comprise sandstone, in part
this report and extend far beyond its limits. arkosic, shale, and calcareous beds.
The series consists of a number of flows of varying thickness and of widely different superTERTIARY LAVAS.
ficial characteristics, assoo,iated with some
Distribution and character.-The Tertiary
tuffs and agglomerates and a very subordinate
lavas
are almost as universally present in this
amount of sedimentary rock. It reaches its
region
as the metamorphic complex just demaximum development in the S. H. Mountains,
scribed.
They wertj found in almost every
where the total thickness is cerainly more than
mountain
range examined during this investi2,000 feet. A number of the individual flows
gation,
the
only exceptions being the Harquaare several hundred feet thick.·
hala
and
Little
Harquahala mountains. Some
Volcanic rocks similar in occurrence and
of
the
ranges,
such
as the S. H., Eagle Tail,
general characteristics to rocks of this series
and
Castle
Dome
mountains,
are composed exhave been reported from a number of localities
clusively
of
rocks
of
this
series
resting on a
in the Southwest. Such rocks are known in
metamorphic
basement
which
is
visible
in only
7
the Patagonia district, in southern Arizona; in
a
few
small
areas.
8
Mohave County, Ariz., to the north of the
The lavas are for the most part light-colored
region covered by this report; in the Papago
acidic
rocks, but some are basalts. They dis9
country, just south of this region; in eastern
play
a
wide range and variety of coloration.
10
California, and in southern N evada.U Similar
This
is
particularly striking in the Eagle Tail
12
rocks occur at Globe, in central Arizona, and
Mountains,
where more tban 1,000 feet of
at many other places. These rocks have all
lava flows, with interbedded
nearly
horizontal
been r~ferred to the Tertiary, and most of
tuff,· is exposed. Nearly every flow is different
Schrader, F. C., Mineral deposits of the Santa Rita and Patagonia in color from those above and below it, and
mountains, Ariz.: U.S. Geol. Survey Bull. 582, pp. 70-76, 1915.
s Schrader, F. C., Mineral deposits of the Cerbat Range, Black Moun- each stands out from the others with clean-cut
tains, and Grand Wash Cliffs, Mohave County, Ariz.: U.S. Geol. Survey boundaries.
Among the colors are brilliant
Bull. 340, pp. 57-59, 1907.
uBJYan, Kirk, The Papagocountry, Ariz.: U.S. Geol. Survey Water- yellow, soft green, vivid red, somber brown
Supply Paper- (in preparation).
and dun, and creamy white, with streaks of
lOBrown, J. S., The Salton Sea region, Calif.: U. S. Geol. Survey
Water-Supply Paper - (in preparation). Thompson, D. G., The purple, heliotrope, and other hues. The petrogMohave Desert region, Calif.: U.S. Geol. Survey Water-Supply Paper- rapher who is interested in ·Tertiary igneous
(in preparation).
n Ball, S. H., A geologic reconnaissance in southwestern Nevada and rocks would find much to interest him here
eastern California: U.S. Geol. Survey Bull. 308, pp. 31-34, 1907.
and in the other ranges in this region where
n Ra11some, F. L., Geology of the Globe copper district, Ariz.: U.S.
similar rocks occur.
Geol. Survey Prof. Paper 12, pp. 88-95, 1903.
7
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In most places the basalts appear to be the
youngest of the flows, for they cap the others
and form the summits of the mountains.
Everywhere in the region the Tertiary basalts
are ·subordinate in amount to the acidic flows.
Thicknesses of 300 feet of basalt are rare, but
1,000 feet or more of acidic lava occurs at
numerous places. The· Tertiary basalts are
best developed in the Gila Bend Mountains
north of Point of Rocks.
Interbedded with the acidic flows are beds
of siliceous agglomerate and .rhyolitic tuff.
The tuff is white or cream-colored, and the beds,
which are in places scores of feet thick, are
conspicuous. They have a wide distribution
throughout the region.
The flows and tuffs are cut by pipes, dikes,
and sills of felsitic igneous rock similar in
general composition to the siliceous flows. The
quantity of Tertiary intrusive rock exposed is
very much less than that of the effusives. No
large intrusive masses of this age are known
anywhere in the region. A number of plugs or
volcanic necks occur in the Plomosa, Dome
Rock, and Eagle Tail mountains and some of
the other ranges. A conspicuous plug in the
Dome Rock Mountains is shown in Plate XLII,
A. Court House Rock, a well-known landmark on the north side of the Eagle Tail
Mountains, is a good example of such an intrusion.' It is composed of cream-colored lava,
in part weathered to a yellowish brown, and
towers 1,000 feet sheer above its base, which
is circular and only a few hundred feet in
diameter. With the exception of a few cracks,
mostly vertical, the walls are smooth and almost
vertical nearly to the summit, where the
cylindrical column has been partly broken by
weathering. This peak is reported to have
been scaled, truly a notable feat of mountain
climbing. The range itself takes its name from
a similar ~ut even higher· peak near its east
end, whose summit is broken up into three
points, showing a fancied resemblance to an
eagle's tail sticking straight up into the air.
About 6 miles west of Osborne's Well, on the
north side of one of the outlying hills of the
Buckskin Mountains, is a scarp in which a
peculiar exposure of igneous rock can be plainly
seen. It is shown in Plate XLII, B. This is
an intrusion of Tertiary age which differs in
several respects from any seen elsewhere in
the region. Microscopic examination shows
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that the rock is a, gabbro of coarse granulitic
texture. The igneous mass has a very irregular
outline, and the greatest extension exposed is
in a horizontal direction. On the west are beds
of brown sandstone dipping about 10° S. and
striking roughly east. The contact with the
gabbro is very irregular, and the sedimentary
rocks are somewhat baked along it. Directly
overlying the igneous rock is a basalt flow which
caps the hill and is only 50 feet or so thick.
When seen from a distance the lower part of the
igneous mass seems to have a rough horizontal
stratification, probably due to jointing. The
upper part does not exhibit this apparent
stratification but weathers in rounded masses
2 or 3 feet or more in diameter. The rock in
these masses is full of grains of calcite, which
give it a pseudoamygdaloidal appearance. The
texture differs somewhat from that · of the
underlying portion, being on the whole coarser.
This irregular mass· of gabbro was clearly
intruded into the brown sandstone, which is
almost certainly of Tertiary age. The basalt
above is probably also Tertiary. There is no
ev:idence to suggest that any other rock covered
the basalt at the time the gabbro was intruded
below it, but it is somewhat difficult to understand how a rock so coarsely crystalline as the
gabbro could be intruded within 50 feet of the
surface.
It should be noted that Bancroft 13 considered all the basalt in this part of Arizona to be
Quaternary. Basalts occur on the summits .of
a number of mountains in the area. The
amount of erosion since they were poured out
is measured in thousands of feet, so that if
these basalts are Pleistocene, some of the most
imposing mountain ranges in the area have
been pro<;Iuced in large part at le~st during
later Pleistocene or Recent time. At Point
of Rocks, on Gila River in the western part of
Maricopa County, basalt flows capping un- ·
consolidated gravel of the valley abut against
the eroded edges of lava mountains. Hence,
the basalt flows that cap these mountains must
be older than the lava in the valley. As the
latter caps unconsolidated gravel it is clearly
Quaternary, and it is so greatly dissected by
erosion and so much weathered that it is clearly
eady Pleistocene. From these facts it is
evident that ·the older basalt capping the
mountains belongs to the Tertiary. In many
1a

Bancroft, Howland, op. cit., pp. 32-33.
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places, however, it is very difficult' or impossible Hills and the valley north of them. Sandto determine the age of a particular flow.
stone was found in Antelope Hill, in several
Petrography.- Petrographic
examination· places in the Gila Bend Mountains, near
shows that there is considerable similarity in Osborne's Well, in the Clanton Hills, and in
type in these lavas 'throughout the area .. Most small amounts elsewhere. Shale is associated
of the flows and most of the intrusive rocks that with some of the sandstone in the Gila Bend
cut them and are associated with them are latit.es Mountains.
and quartz latites; some are soda rhyolites.
Antelope Hill, at the south end of the conThe tuffs examined are rhyolitic. Associated crete bridge across Gila River near Well ton, is
with these siliceous and sodic rocks, especially composed of grayish arkose, a sandstone
in the upper part of the series, are flows and formed from granitic debris. The rock is, as a
whole, somewhat coarser grained near the base
dikes of basalt.
The latites are fine-grained rocks, in places of the hill than farther up the slope. The
porphyritic and commonly showing flow struc- average diameter of the grains ranges from
ture and perlitic growths. They are composed 1 to 6 millimeters. · The beds have a very
essentially of alkali plagioclase and orthoclase, gentle southerly dip. The hill is about 580
with hornblende, biotite, and quartz usually feet high, so that fully 500 feet of sandstone
present in subordinate amounts. Apatite and is exposed. Related but coarser sandstone
epidote were also noted in some specimens.
. and conglomerate occur farther south. 15
Most of the specimens· of basalt examined are
Red sandstone crops out in several places in
of the usual types, composed essentially of the Gila Bend Mountains, notably at and near
calcic plagioclase, augite, and olivine, with sub- Woolsey Tank, where there is a bed 30 feet
ordinate amounts .of magnetite. They are thick of sandstone interbedded with the limesomewhat porphyritic, all the minerals men- stone. Near the Dixie mine, in the Gila Bend
tioned above, except .the magnetite, occurring Mountains, red and purplish shale is associated
to a greater or less extent as phenocrysts. with the sandstone. Plate XLIV, A (p. 191),
The groundmass is a fine-grained mass o~ pla- shows Tertiary sandstone in th3se mountains
gioclase laths, showing in places parallel ar- overlain by Pleistocene gravels.
rangement due to flowage, with granular augite
The relat~ons of these sedimentary rocks
and magnetite. Much of the olivine is altered to the Tertiary lavas show clearly that they are
to iddingsite.
of similar age. They have been disturbed,
Two specimens of basalt from the immediate like the lavas, by post-Tertiary faulting, so
vicinity of Woolsey Tank, in the Gila Bend that the beds now dip in various directions.
Mountains, differ from those above described The Clanton Hills, about 25 miles north of
in that the feldspars are much more sodic. Palomas, consist almost exclusively of flatTheir composition approaches that of oligoclase lying gray cherty fine-grained limestone with
or albite-oligoclase. Stratigraphically these numerous concretions, some of which resemble
flows certainly are near the top of the series of fossils in superficial appearance. Some of the
Tertiary lavas, and they may even be of Pleis- beds contain small and indistinct fossils.
tocene- age. In the Buckskin Mountains near (See pp. 189-190.) At the west end of the hills
Osborne's Well Blanchard 14 found a rock which is exposed a bed of reddish sandstone comappears to be of a similar type.
posed of quartz grains in a calcareous cement,
about 30 feet thick. There has been some
TERTIARY SEDIMENTARY FORMATIONS.
faulting accompanied by considerable brecciaDistribution and character.-I.~imestone and tion in the limestone. Subsequent to the
calcareous conglomerate occur in at least three faulting hot solutions circulated through the
widely separated localities in this area. Fur- fault breccias, as is shown by iron stains and
ther work would probably disclose many other by marked silicification of the limestone
outcrops. The known localities are Osborne fragments. ·No definite evidence of valuable
Wash, in the vicinity of Osborn~'s Well, near mineralization was found.
Parker; Saddle ly.[ountain; and the Clanton
H

Blanchard, R. C., op. cit., pp. 26-27.

15 Bryan, Kirk, The Papago country, Ariz.: U.S. Geol. Survey WaterSupply Paper- (in preparation).
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PLATE XLIII

A. OSBORNE WASH, ABOUT 2 MILES SOUTHWEST OF OSBORNE'S WELL, YUMA COUNTY, ARIZ.

A t.ypical exposu re of Tertiary limestone overlain by basalt.

B. SADDLE MOUNTAIN, MARICOPA COUNTY, ARIZ., LOOKING SOUTH.
Showing pockets or caves in Tertiary calcar eons agglomerate or conglomerate.
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PLATF. XLIV

K, GILA BEND MOUNTAINS, MARICOPA COUNTY. AHIZ.

An ex posure of tilted T ertiary sandstone unconformably overlain by tilled Quaternary gravel.

B.

WOOLSEY TANK. GILA BEND MOUNTAINS, MARICOPA COUNTY , ARIZ.

Coarse gravel with calcareous cement, of Quaternary age, res ling on the surface of T ertiary basalt.

GEOLOGY OF THE LOWER GILA REGION, ARIZONA.

Near Osborne's Well there are considerable
exposures of sedimentary. rocks. Time did
not permit a detailed examination of them,
but the scattered observations made may be of
interest. To the west and south of the well
are hills with cliffs.cut by the large wash that
passes between them. These cliffs expose
conglomerate with a calcareous matrix, capped
by a basalt How. J'he calcareous rock is well
bedded. The pebbles in it are in no place very
abundant and in the lower portion are lacking
altogether. Farther north up this wash are
outcrops of red sandstone with concretions, a
m..irior amount of quartz sandstone, and a few
small beds of conglomerate. These rocks rest
unconformably on gray granitic gneiss. The
gneiss, which is very probably pre-Cambrian, is
intruded by a light-colored granite, which
looks very fresh nnd is not in the least gneissic
in texture. This granite cont~ins a little
specnlarite and is -apparently associated with
certain small veins that contain· quartz,
specnlarite, and small amotmts 0f sulphides
and have been prospected to some extent in
this vicinity. 'J'he granite, in common \'irith
similar rocks in the region associated with
mineral veins, is probably :Mesozoic. The
sandstone rests unconformably on this granite,
as we1l as on the olcler gneiss. A distinct
though narrow bed of basal conglomerate containing granite pebbles occurs between the
granite and the sandstone. A short cli'stance
farther no:rth reel vesicular basaltic or andesitic lava is interbedded with the reel sandstone.
Exposures of seclin1entary. rocks are fotmcl
for about 8 miles w·cst of Osborne's vVell along
the road. to Parker. There are numerous outCFops of thin-bedded limestone similitr in
appearance to the matrix of the conglomerate
at. tho well, but entirely free from any but very
small pebbles. Several of these outcrops are
capped with vesicular olivine basalt. (See
Pl. XLIII, A..) They contain rather numerous
small ·and poorl_y preserved fossils (see next
section) and a few small angular fragments of
quartz and feldspar. Blanchard 16 considers
these calcareous beds to be tuffaceous and
states that the beds underlying the basalt
at Osborne's Well have a groundmass of glass.
Interbedded with the lavas of Saddle :Mountain, in :Maricopa County, are considerable
thicknesses of fragmental rocks ranging from
16

Blanchard, R. C., op. cit., pp. 24-26.
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agglomerate and breccia of distinctly i&'neous
character to rocks that have angular fragments
of lava about an inch in diameter in a white
calcareous matrix. In certain cliffs there are
peculiar hollows in beds of conglomerate and
agglomerate, so:rne of which almost ammmt to
caves. (See Pl. XLIII, B.) The hollows
appeitr to be clue to a sort of concave exfoliation. They are not the result of solution or
eroswn.
Fossils.-The only fossils collected during
this investigation were found· in the limestone
at two localities-in Osborne Wash near Os ...
borne's Well and in the Clanton I-Iills. "In
Saddle :Mountain there are beds of calcareous c
conglomerate which are lithologically very
similar to those near Osborne's Well, but no
specimens were collected from this locality, and
it is therefore impossible to say whether these
beds contain any small organic remains such
as were found in the limestone near the well.
The conglomerate of Saddle Mountain contains
small bodies which are, superficially at least,
similar to those in the limes tone from the two
localities mentioned, which W. H. Dall, of the
United States Geological Survey, calls "pseudomorphs of what were probably a smooth
cypriclian crustacean. ''
Specimens from Osborne Wash and from the
Clanton I-Iills were submitted to Nir. Dall for
1dentific~tion of the fossils. A specimen collected by John S. Brown, of the United States
Geological Survey, from Imperial County,
Calif., was submitted at the same time. This
specimen, which closely resembles the specimen
obtained near Osborne's Well, came from
ledge in the west bank of an arroyo at the south
entrance to a pass through the Palo Verde
Mountains on the road from Glamis to Palo
Verde, in either sec. 18 or 19, T~ 10 S., R. 27 E.r
San Bernardino base line and meridian. Mr.
Dall states ,that the specimen obtained near
Osborne's Well and the one obtained by Mr.
Brown in California "contain the same fossils
and were doubtless laid clown under practically
identical c·onditions, whether absolutely contemporaneous oronot." He found in these two
specin1ens
small oval bodies representing pseudomorphs of what
were probably a smooth cypridian crustacean, * * *
also imprints of fragments of a gastropod which resemble
analogous fragments, of Melania, or Goniobasis, and a small
triangular bivalve which appears to be most like a minute
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Corbicula, and not (as one might expect) belonging to the
more common group of S phaerium or Pisidium. There is
also the imprint of a small leaf resembling a willow and
numerous lime tubes which seem to have been fo~med
around roots or small vegetable stems.

Microscopic ~xamination of the specimen
found near Osborne's Well shows that it is very
porous and .is composed almost exclusively of
calcareous matter in fragments of diverse
shapes, with a few angular fragments of quartz
and feldspar. The lime tubes mentioned· by
Mr. Dall are pro min en t in the thin section.
In a speci1nen of thin-bedded limestone from
the east end of the Clanton Hills Mr. Dall
found pseudomorphs of cypridian crustaceans
like those he found in the other specimens mentioned. In one of the calcareous beds in
Osborne Wash Blanchard 17 also found fossils
w~i~h Mr. Dall iden-tified as the g·astropocl
Bttttum and a probable young Oorbicula. He
states: "There is nothing incompatible between the presence of Bittium with Goniobasis
and Oorbicula in the same deposit. All are
prone to inhabit brackish water, especially
-near seashores." l-Ie also says: "There is no
clue to the age of the deposit except that it is
doubtless Tertiary."
QUATERNARY FORMATIONS.
SEDIMENTARY FORMATlONS.

Deji~ition.-The unconsolidated and poorly
consolidated gravel, sand, and silt that fli]
the valleys and fk.or the flood plains of the
rivers in this desert region are of Quaternary
.age. Basalts which are clearly also Quaternary are interbedded with or rest upon these
sediments.
Distribution and character.-The valleys
throughout this area, like nearly all other desert
valleys in the Southwest, are deeply filled with
detrital material, for the most part unconsolidated or poorly consolidated, derived from the
mountains. The thickness of this materia.l in
the valleys has not been determined. It is certainly to be measured in hundreds if not in
thousands of feet, as is indicated by records of
wells in a number of the. valleys.
~he character of the material varies greatly,
as 1s to be expected in sediments laid down by
generally short and usually disconnected
streams under arid conditions. In the flood
u Blanchard, R. C., op. cit., p. 39.

plains of Gila and Colorado rivers and in certain
clay flats, or playas, in interior valleys there are
very fine silts or clays, but the major portion
?f the fill in the valleys is sand and gravel,
1n places very coarse. Much of it is poorly assorte?, consisting of coarse s~diments in a clayey
matriX:. The surface layers in most of the valleys contain silty soil more or less mixed with
?'r~vel. This soil, where it has been properly
1rngated, has proved to be highly productive.
In Castle Dome Plain, Palomas Plain, and to a
less general extent in a number of the other
valleys in the area the wind has removed the
surface silt, leaving a residual floor of gravel.
Sand dunes are common in Cactus Plain and
also occur in Eagle Tail Valley.
In almost every place where the fill is indurated to any extent the cement is a calcareous
rna terial called '' caliche'' and known also as
cement or hardpan. Lee 18 lias described the
mode of occurrence of caliche and discussed the
theories as to its origin. He concludes that the
c~li?he in Salt ~iver valley, which is essentially
s1nnlar to that 1n the lower Gila region, has been
formed in part by the deposition_ of carbonates
and other salts held in solution in the ground
water and in part by the evaporation of water
percolating downward from the surface. On
the old road across the Gila Bend Mountains
west of Woolsey Tank, occur gravel beds with~
calcareous cement which has set so firmly as to
form a hard though friable rock. (See Pl. XLIV,
B.) These beds are exceptionally indurated
but caliche beds so hard that it is very difficult
to penetrate the~ with pick and shovel are
common in a number of places in the region.
Such beds are known elsewhere in the Gila Bend
Mountains, in Nottbusch Valley, in Castl'e
Dome Plain, and in other localities. Wells
sunk in La Posa Plain and McMullen Valley
usually penetrate beds of caliche below unconsolidated gravel and sand. On the flanks of the
Plomosa Mountains, on the east side of La Posa
Plain, lie thick deposits of caliche-cemented
gravel, some of which is auriferous. 19 Similar
deposits occur on the flanks of the Dome Rock
Mountains west of this plain.
Beds of. green and yellow banded clay are exposed in the terraces of Colorado River in the
Colorado River Indian Reservation near Parker.
18 Lee, W. T., Underground waters of Salt River valley, Ariz.: U.S.
Geol. Sli.rvey Water-Supply Paper 136, pp. 107-111, 1905.
19 Bancroft, Howland, op. cit., p. 88.

GEOLOGY OF THE LOWER GILA REGION, ARIZONA.

Fossil fresh-water shells have been found in
some of these beds. E. L.Jones, jr., 20 who made
an examination of the reservation for the
United States Geological Survey in 1914, states
that these are lake beds.
Along washes within the mountains and on
the borders of the ranges are beds of gravel and
sand similar to those of the valley fill. These
beds are cut by the present washes. · Although
they are clearly similar to the material in the
modern streamways and were deposited under/
conditions very similar to those existing to-day,
the position of many of these beds indicates
that they were laid down in streams whose
courses had little or no relation to those of the
present streams. The· gravel and sand are
everywhere somewhat consolidated. In the
wash that par.allels the new road where it
emerges from the mountains on the west side
the unconsolidated or slightly consolidated
gravel of the valley fill can be seen lapping up
on the gently inclined and smooth surface of
gravel with a· calcareous cement. This gravel
is continuous with gravel of the type just described occurring in the mountains proper.
Similar exposures were noted near the road
between Wenden and Butler. Well, on the
north side of Cunningham Pass, in the Harcuvar Mountains .. Gravel of similar appearance,
which is being eroded by the present streams,
was noted in Osborne Wash, north of Osborne's Well, in the Buckskin Mountains.
The partly consolidated detrital beds in the
mountains are in places cut by normal faults
and tilt.ed to angles of 20 9 and even more.
The best exposures found are in the Gila
Bend Mountains. (See Pl. XLIV, A.) Tilted
blocks of gravel were noted near both of the
roads that cross this range, but they are
especially well exposed along the part of the
old road that lies in the mountains. Outcrops of such material were found also along
the large wash followed by the old road on the
west side of the mountains. ·Slight folding in
gravel beds was observed in some outcrops
near Woolsey Tanks, along this road. Tilted
gravel and sand are exposed at the north end
of the Gila Motmtains near Dome. Some of
the more consolidated alluvium in the Dome
Rock and Buckskin mou:J;ltains is probably
til ted. Beds of gravel and sand that have
so Personal·communication.
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been disturbed by earth movements doubtless
exist elsewhere in the region but were not
noted during this investigation.
It is evident that Quaternary sediments
belonging to at least three periods of deposition
1
occur in this area. These are (1) the somewhat
consolidated beds exposed in and near the
mountains, which have been disturbed by
faulting, (2) the unconsolidated or only locally
consolidated flat-lying valley fill, and (3) the
recently deposited material in the washes and
the playas of the desert valleys and in the
flood plains of the larger streams. This conelusion is in accord with the results of Lee's
work 21 in adjoining areas and in portions of
the area here considered. He has given formationa! names to the two older Quaternary formations in the vicinity of Colorado River but
not to the recent material flooring the river
flood plains, etc. The oldest group of gravels
and sands he calls the Temple Bar conglomerate. The unconsolidated material resting
upon the Temple Bar conglomerate and
exposed in terrace.d bluffs along Colorado
River and elsewhere he calls the Chemehuevis
gravel. The Temple Bar conglomerate is
li.thologically similar to the oldest of the three
Quaternary formatio1,1s herein described, but
the thicknesses observed by Lee along the
upp~r Colorado are far greater tha11 any
found in this region. The two may perhaps
be of similar age and history. The Gila conglomerate, described by Gilbert, 22 is similar to
the Temple Bar, being a. thick formation of
coarse alluvium in the upper Gila Valley. The
correlation of these formations awaits the
complete solution of the physiographic history
of southwestern Arizona in Quaternary time.
QUATERNARY BASALT.

Associated with .the gravel and sand of the
valley fill in places in this area are flows of
olivine basalt. Such rock caps the fill, is interbedded with it, and cuts it in the form of dikes
and other intrusive masses, generally small and
irregular. The basalt masses that rise above
the present surface of the fill have produced
21 Lee, W. T ., Geologic reconnaissance of a part of western Arizona:
U. S. Geol. Survey Bull. 352, pp. 17, 18, 1908; Underground waters of
the Salt River valley, Ariz.: U. S. Geol. Survey Water-Supply
Paper 136, pp. 111-114, 1905.
'' Gilbert, G. K., U. S. Geog. and Geol. Surveys W. 100th Mer. Rept.,
vol. 3, pp. 540-541, 1875.
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land forms of two general types. These are
flat mesas formed by flows that have spread
out over the surface of the fill, as at Point of
Rocks and Enterprise dam, both on Gila
River, and groups of low, more or less conical
hills, of which the Bouse Hills, near Bouse,
Yuma County, and the Palo Verde Hills,
northwest of Arlington, Maricopa County, may
be mentioned as examples. The mesas consist
of flows 100 feet thick or less, with a few
thicker ones. The hills are in general not over
200 or 300 feet high, and many are less than
this. The coni~al shape of many of them
suggests that they are volcanic plugs, but all
are dissected by erosion, and nowhere was a
definite crater found. All the basalt masses,
in both mesas and hills, are eroded and have a
weathered appearance. The basalt in this
area is not nearly as fresh in appearance as
much of that in California. 23 The relation of
the basalt to the valley fill proves it to be
Quaterni\ry, but it is probably not younger
than early Pleistocene.
STRUCTURE.

Normal faults are the most pronounced
structural features of the rocks of this region.
Thrust faults are not known anywhere in it,
and only minor folds appear to have been
formed since pre-Cambrian time. There seem
to have been three general periods of faulting(1) prior to the eruption of the Tertiary lava,
(2) subsequent to the eruption of the Tertiary
lava, and (3) subsequent to the deposition of
the older Quaternary alluvium. These period~
of movement are not sharply separated from
one another. Indeed, it is probable that
movement along fault planes has been in
progress almost continuously from the beginning of pre-Tertiary faulting to the present·
day. A few of the mountain ranges in the
region show no evidence of being faulted,
either because they had a different origin or
because erosion has entirely removed the evidence.
FOLDS.

The small blocks of early pre-Cambrian
sedimentary rocks included in the gneiss in
several localities are · notably schistose. As
regional schistosity can not be produced with23 Darton, N.H., and others, Guidebook of the western United States,
Part C, The Santa Fe Route: U. S. Geol. Survey Bull. 613, pp. 158 et
seq., 1915.

out folding, such deformation must have taken
place early in pre-Cambrian time. The later
pre-Can1brian rocks are in large part not
schistose, and over large areas their strata are
flat' or dip at gentle angles. Certainly no close
folding has taken place in these strata since
their deposition. The tipping of the beds in
some localities is the result of .f~ulting. As
the rocks show evidence of widespread dynamic metamorphism they must have been
subjected to grea~ pressures, which probably
resulted in broad and gentle doming.
In the Eagle Tail Mountains and probably
in some of the other ranges the beds of Tertiary
lava are curved in a way to suggest gentle
local folds. This apparent bending may be
and in most places probably is a result of
original deposition and not of subsequent
folding. Certainly no large amount of folding
has affected the Tertiary lavas.
In the Gila Bend Mountains some of the
beds of the older Quaternary alluvium have
been gently folded, but most of the Quaternary
deposits are undisturbed by.folding.
FAULTS OLDER THAN THE TERTIARY LAVA.

When Tertiary volcanism began the surface
of the region was irregular. Some of the
mountain ranges which are present to-day
existed then, although they may not have
been as high or as rugged as they now are.
The Harquahala and Harcuvar mountains
and the Granite Wash Hills contain no known
ar-eas of lava and probably never were capped
by such material. They are the r~sult of
some cause which antedates the lava. No
evidence of close folding can be found in these
ranges. It is possible, even probable, that
their uplift was caused by faulting. There are
several other ranges in the region that probably belong in this class, but so little is known
about them that tlus is not certain.
The bold, almost precipitous no~·thwestern
face of the Harquahala Mountains has an
appearance that suggests a fault scarp modified by erosion .. The abrupt truncation of
almost flat beds of pre-Cambrian sedimentary
rocks in the southwestern slopes of the Granite
Wash Hills near Vicks burg and elsewhere is
also suggestive of faulting. Southwest of
these hills, only a mile or so from .their bases,
are small hills of basalt of Tertiary or Qua-
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ternary age. The rock is more weathered than
the basalts of known Quaternary age and is
believed to be Tertiary. It was clearly
erupted after the Granite Wash Hills came
into existence.
· Large portions of the Vulture Mountains,
the White Tank Mountains in Maricopa
County, the Palomas Mountains, the Maricopa :Mountains, and other ranges lie above
any known lava flows arld probably never
were covered by such flows. The character
of the topography of areas of the basal complex from which the lavas have but recently
been removed and the irregular lower contact of the lavas that are exposed in many
places in- the mountains show that the surface
upon which they were poured out was hilly if
not actually mountainous. This is especially
well shown in the Gila Bend and Eagle Tail
mountains:
In adjoining parts of .Arizona there is conclusive evidence of pre-Tertiary faulting.
Mountain building 24 attended by faulting
took place during the Mesozoic era· in what
is now Cochise County. Bryan 25 has found
evidence of a similar period of faulting in
Pinal and Pima counties. Ransome 26 showed
that faults of pre-Tertiary age probably exist
in the Globe district, and this· inference has
been confirmed by later work in the Old
Dominion mine. 27
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range has been lifted, relative to the blocks on
either side, with but little change in the horizontal attitude of the beds. The Eagle Tail
l\1ountains and probably also the S. H. l\1ountains are of this character. The structure in
both ranges is complicated by cross faults
which have broken portions of the large block
into smaller tilted blocks. Probably the
Plomosa, Big I-Iorn, Castle Dome, and other
ranges are built up, in part or wholly, of such
horst-like blocks broken by cross faults and
qarved by erosion, but the blocks of lava are
now comparatively small, and many of them
are tilted, so that the evidence as to the character of the originally don1inant structure is
obscure. Probably the faults of this period
followed in part the lines of weakness developed during the pre-Tertiary crustal movements, but it is also probable that faulting
along entirely new planes took place. l\1ost
of the ranges either trend approximately N.
50° W. or N. 50° E. or show a combination
of these two directions. The strike of the
ranges near Colorado River is more nearly
north than that of most of those farther east.
This is true both of those that strike west of
north and those that strike east of it. The
trends of the ranges doubtless correspond to
the strikes of the major faults in them. Minor
cross faulting in other directions also took
place.
QUATERNARY FAULTS.

FAULTS YOUNGER THAN THE TERTIARY LAVA.

There is abundant evidence, both within
and near the region covered by this report, of
norn1al faulting subsequent to the eruption
of the Tertiary lavas. The lavas have been
broken into numerous blocks that dip in
various directions and are bounded by faults
with various strikes.. Almost every range
containing Tertiary lavas has obvious examples of such fault blocks. In some localities,
as at Saddle Mountain, there are more or less
heterogeneous groups of fault blocks. In
others the whole mass of lavas composing the
24 Schrader, F. C., Mineral deposits of the Santa Rita and Patagonia
Mountains, Ariz.: U.S. Gcol. Survey Bull. 582, p. 77, 1915.
ss Bryan, Kirk, The Papago country, Ariz.: U. S. Geol. Survey WaterSupply Paper- (in preparation).
2a Ransome, F. L., Geology of the Globe copper district, Ariz.: U. B.
Geol. Survey Prof. Paper 12, p. 104, 1903.
z1 Bjorge, G. N ., personal communication.

Probably no formations o/ lmown Quaternary age in this region are involved in largescale faults. l\1inor earth movements broke
and tilted the partly consolidated strata of
older Quaternary alluvium in the Gila Bend
Mountains and elsewhere. Probably some
movement took place along the fault planes
formed during the previous period of crustal
disturbance. Lee 28 found evidence of considerable Quaternary faulting at Mesa and
Tempe. This movement lowered some of the
valley fill in this vicinity below sea level, as
is shown. by the log of a deep well at l\1esa.
·Ransome 20 and others b.ave shown that the
Gila conglomerate is faulted in many places in
the mountains east of Phoenix.
2s Lee, W. T., Underground waters of Salt River valley, Ariz.: U.S.
Geol. Survey Water-Supply Paper 136, p. 115, 1905.
2\).Ransome, F. L., op. cit., p. 104.
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GEOLOGIC HISTORY.
EARLY PRE-CAMBRIAN TIME.

The remnants of the oldest pre-Cambrian
rocks in this area are so few, so widely scattered, and -so intensely metamorphosed that
almost nothing can be learned from them as·
to the events of that ancient time. The rocks
referred to are the mi~aceous and chloritic
schists, quartzitic schists, and metamorphosed
limestones included in gneiss in the Buckskin
and Gila Bend mountains. (Seep. 184.) Some
of these rocks have the megascopic appearance
of highly altered sediments, but it is by no
means certain that that is their origin. The
large amount of chlorite in some of the schists
suggests an igneous origin, but nothing more
defmite is known regarding them. All that
the record shows is that in early pre-Cambrian
time certain rocks, principally of. sedimentary
· but perhaps also in part of igneous origin,
existed here. These rocks were buried, metamorphosed, and finally intruded by batholithic masses of granite ·and kindred rocks.
The period of intrusion was followed by a
very long period of erosion. Nearly all the
ancient schists were removed, and the granitic
rock was exposed. Meanwhile the granites
had been rendered gneissoid; and the blocks
of other rocks included in them had been
highly altered by dynamic metamorphism.
LATE

PR~-CAMBRIAN

TIME.

The next event recorded was sinking of the
land and influx of the sea. A thick series of
sandstone and limestone with some shale was
laid down in this sea.
Many dikes, principally of diabase and pegmatite, are associated with the metamorphic
formations. Some of these are to be correlated in age with the ancient batholithic intrusions and are older than the younger preCambrian sedimentary rocks. Others clearly
cut and are therefore younger than the later
sedimentary rocks. The field work was not
sufficiently detailed to make it possible to
differentiate these dike rocks. Bancroft has
found evidence in the northern portion of the
area indicating that volcanism occurred during
the period of marine sedimentation. (See
p. 184.)

PALEOZOIC AND MESOZOIC TIME.

No sediments of known Paleozoic or Mesozoic age have been found in the region. Limestones and quartzites of possible Paleozoic age
occur in the Harquahala Mountains and elsewhere. (See p. 185.) These rocks represent
either sedimentation near the end o.f preCambrian time or a continuation of marine
sedimentation in the Paleozoic, but the evidence at hand is not sufficient to determine
their age definitely. If any other Paleozoic
or :Mesozoic sediments were ever deposited in
this region they have since been almost or
entirely removed by erosion. It is possible
that small amounts of such rocks occur in
those parts of the region that were not visited
during this investigation. Enough is known,
however, to justify the belief that no large
areas of such rocks are present anywhere in
the region covered by this report.
The region was again uplifted at some time
after the period of marine conditions recorded
by the pre-Cambrian sedimentary rocks. Erosion was resumed and was long continued. If
the marine sediments covered the whole region
at the end of pre-Cambrian time, they have
been completely removed over large areas and '
the gneisses once more laid bare. There is
abundant evidence, however, that the surface
over which the Tertiary lavas flowed was by
no means a plain. The country was rolling
and hilly. Some of the small mountain ranges
that are present to-day existed then, although
it is probable that they were not as high or as
rugged as they are now.
Granitic stocks or small batholiths accompanied or immediately followed by dikes of
various types were intruded into the rocks of
this region at some period after the pre-Cambrian and before the Tertiary. The writers
who ·have previously described such rocks
consider them to be Mesozoic. This correlation seems to be probable and entirely in
accord with the facts so far as they are known.
Rocks of this type have been reported from
the Dome Rock Mountains/ 0 the S. H. Moun..:
t~ins, 31 and the Harcuvar Mountains 32 and
ao Jones, E. L., jr, Gold deposits near Quartzsite, Ariz.: U. S. Geol.
Survey Bull. 620, p. 48, 1916.
a1 Jones, E. L., jr., A reconnaissance in the Kofa Mountains, Ariz.:
U. S. Geol. Survey Bull. 620, p. 155, 1916.
st. Bancroft, Howland, Reconnaissance of the ore deposits in northern
Yuma County, Ariz.: U.S. Geol. Survey Bull. 451, pp. 29-30, 1911.
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were noted during the present investigation in
the Buckskin Mountains. A number of similar
intrusions are known in adjoining regions.
The pre-Cambrian rocks were considerably
metamorphosed during the period between their
deposition and that of the Tertiary lavas. The
metamorphism probably took place in pre-Cambrian time, for Paleozoic rocks in adjoining regions show no evidence of. having been affected
by it. There has been no close folding since the
deposition of the later pre-Cambrian rocks.
Thick masses of these rocks are now exposed
which show no folding and little tilting.
Faulting took place at some period prior to
the eruption of the Tertiary lavas, and it is
·probable that during that period the major
areas of uplift which form the present areas of
these rocks may have been blocked ·out, at
least in part:
TERTIARY· TIME.

The Tertiary was a period ·of pronounced
volcanism, oin which great sheets of lava -\vere
piled up in flow upon flow. Agglomerate and
tuff are associated with the lavas, but in very
subordinate amount. Quiet outflows rather
than eruptions of explosive violence were the
rule. Bancroft 33 states that volcanic plugs
are present in several places in the area in
northern Yuma County which he exami1;1ed
and are apparently more numerous near the
lower part of Williams River than elsewhere.
These plugs may represent remnants" of Tertiary volcanoes. Plugs of latitic rock occur
near Saddle Mountain, west of Quartzsite, in
the Dome Rock Mountains, and at a few other
places in the region covered by this report,
but such remnants of Tertiary volcanoes are
rare. Quite possibly most of the eruptions
were of the fissure type, and no volcanoes,
except a few small ones, ever existed here.
Probably lava flowed over much of this region
during the Tertiary period, covering most of
. the hills then existing. Apparently, however,
some ranges were never capped completely by
the lava. The I-Iarquahala,.Little Harquahala,
and Harcuvar Mountains belong to this class,
and portions of the Buckskin Mountains and
of some of the other ranges may also have
escaped being covered. Felsitic Tertiary intrusive rocks and possibly some lavas occur
aa Idem, pp. 30-3i.
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in the Dome Rock Mountains, but this range
consists almost exclusively of rocks of the basal
complex. If the range was ever lava capped,
all the lava has since been removed by erosion.
Comparatively little is known in regard to the
geology of the Laguna, Trigo, and Chocolate
mountains. Possibly parts of these ranges
escaped the general flooding of the region by
the sheets of la:va. Probably there was more
than one period of extrusion, as has been found
to be recorded elsewhere in similar rocks ..
Much more detailed work is required to determine this point.
The am~:mnt of sedimentary rocks of Tertiary age found in the area is small indeed
c01;npared to the many hundreds of feet of
lavas. Unquestionably volcanism rather than
sedimentation was the dominant feature of the
period. Much of the Tertiary sediment1;1ry
roek is believed to be of terrestrial origin and
was probably deposited under conditions not
very different from those of the present day.
This fact is better shown in the exposures of
Tertiary formations south of the area covered
by this guide, ~here stream-laid conglomerates
occur. 34
The calcareous sediments found in several
places within this area and in adjoining parts
of California tell a very different story. (See
pp. 188-190.) These beds were unquestionably
laid down in large bodies of quiet water. They
are lacustrin:e or estuarine. A glance at the
map will show that the exposures of these
deposits are scattered over a region covering
about 2,000· square miles. Only one of them,
that near Osborne's Well, is in an area covered
by an accurate topographic 1nap, hence the
exact altitudes of the others are not known.
The best estiniates available, however, show
that all, including the California area, are at
altitudes of approximately 700 feet above sea
level. Unfortunately, the paleontologic evidence at hand is not conclusive as regards the
character of the waters in which these beds
were deposited. It is possible that they were
laid down,in lakes lying between the mountain
ranges. Much more probably, however, they
were deposited in an estuary or estuaries extending northward from the Gulf of California..
In late Miocene or Pliocene time the gulf had a
much greater extension to the north tha.n at
a• Bryan, Kirk, The Papago country, Ariz.: U.S. Geol. Survey WaterSupply Paper- (in preparation).
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present, flooding southern California in the
region of the Salton ba.sin. 35 Possibly the
calcareous beds jn the region covered by this
report mark the northern extension of this
incursion of marine wat_ers.
There was much normal faulting in Tertiary time, some of it on a large scale, and
probably there was more than one period of
faulting. It resulted in the formation of
structural valleys between the upthrown
blocks. Folding either did not occur or was of
very minor amount.
QUATERNARY TIME.

Our knowledge of Quaternary events in this
region is more detailed and complete than that
of the older geologic periods. Doubtless there
were several divisions of Tertiary time besides
those mentioned above. The great masses of
lava, for example, probably were not all poured
out during one continuous period of eruption.
There were interruptions and alternations of
conditions. The record of these ev:ents is so
fragmentary and ·obscure, however, that it was
impossible to work out the details of the Tertiary history. The record of Quaternary
events is naturally much more completely preserved,· though there is much that is still uncertain or entirely unknown regarding the
history of this period. One of the greatest
difficulties encountered in interpreting the
record is that of differentiating· between the
older and the younger valley fill, which are
lithologically very similar.
Some uncertainty exists as to 'the division
between the .Tertiary and Qua ternary in this
region. Lee 36 believes that the uplift that
initiated the cutting of the Grand Canyon of
the Colorado marks the beginning of the
Quaternary period. This uplift was very
probably essentially contemporaneous with
that which resulted in the deep cutting of the
desert valleys. However, Lee elsewhere 37
makes the suggestion that the lower portion
of the fill in Salt River valley may be Tertiary. He considers that this lower portion
may be lacustrine in origin and notably
ll5 Kew, \V. S. \V., Tertiary echinoids of the Carrizo Creek region in
the Colorado Desert: California Univ. Dept. Geology Bull., vol. 8, pp.
39-60, 1914.
as Lee, \V. T ., Geologic reconnaissance of a part of western Arizona:
U.S. Geol. Survey Bull. 352, pp. 62-63, 1908.
~7 Lee, W. T., Underground waters of Salt River valley, Ariz., U.S.
Geol. Survey Water-Supply Paper 136, p. 114, 1905.

older than the detrital material above it.
Deep wells show that there is a considerable
·thickness of clay or other fine material beneath the coarser detritus in Salt River
valley. Records of wells in Buckeye and
Arlington valleys and at Gila Bend show that
similar conditions exist in those localities
also. Considerable clay was encoun.tered in
several of the Southern Pacific Railroad. wells
on the Gila west of Gila Bend. It is possible
that fossil or other evidence may eventually
be found which will show that these beds are
Tertiary, but until further facts are discovered the most logical conclusion appears
to be to consider the deep cutting of the valleys, origi?-ally in large ·part of structural
origin, as the first event of the Quaternary
period . in the region under discussion. Any
sediments, whatever their origin, lying in
these valleys must then be considered of
Quaternary age. The mere fact that the
lower part of the fill is apparently of lacustrine
origin does not affect the problem of its age.
Beds of unquestionably Quaternary age and
very probably lacustrine origin occur near
Parker, on Colorado River. A temporary
lake 38 is believed to have existed in Arlington
Valley in recent geologic time.
After the valley cutting the conditions were
so altered that the streams began to aggrade,
and the recently excavated valleys were
:filled to great depths with detrital material.
Basalt flows, the continuation of the basaltic
effusions at -the end of the Tertiary, occurred
at this time. As has already been ~tated,
volcanism did not continue as late in this
region as it did in some other portions of the
Southwest, notab1y southern California. It
continued intermittently to a time considerably later than that in which the first valley
fill was deposited.
When . the valleys had been very largely
filled with detritus, renewed uplift occurred.
In places the recently deposited sediments
were faulted and somewhat folded. Degra:
dation recommenced, and much of the material
with which the valleys had just been filled
was swept out of them.
Before all of the first valley fill had been removed aggradation was resumed and the
as Ross, C. P ., The lower Gila region, Ariz.: U. S. Geol. Survey WaterSupply Paper- (in preparation).
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younger fill was deposited. Volcanism of
minor extent occurred during this epoch.
Near Bouse, Yuma County, volcanic ash occurs in the fill not far from the present surface. This deposit is probably comparatively
recent. Several of the lava flows may be qf
corresponding age.
In comparatively recent time erosion of the
younger fill has commenced, as is shown by
terraces cut in it. The present flood plains
of the streams lie between the lowest of these
terraces. Along both Colorado and Gila rivers
other terraces can be discerned above these,
but they are discontinuous and apparently not
signi:fican t.
At the present time both rivers are aggrading
in their lower courses. Their channels are
gradually being filled by the deposition of fine
silts. Both rivers are well known for the large
quantities of silt carried by their waters during
floods. At all times they are remarkably
muddy.
MINERAL DEPOSITS.

This part of Arizona has been extensively.
prospected. Mineral deposits are now known
to occur in every mountain range and in many
of the groups of hills within the region. The
only hills in whic~ mineral deposits have not
been, and in all probability will not be found,
are those composed exclusively of Quaternary
basalt.
The types of deposits and the minerals
found. are many and diverse. Mining has been
carried on in this region for gold, silver, copper,
lead, zinc, mercury, iron, and manganese.
There has been some prospecting for tungsten,
but no mining for this metal has been done.
Fluorite occurs in the Castle Dome district and
possibly elsewhere but so far as known has
not been developed. Gypsum occurs in some
places in the region, but no deposits of commercial importance are known.
Mining is in progress in several of the mountain ranges in this region, but there are no
large mines operating at present. In the past
the Vulture mine, in the range of the same
name; the mines about Kofa, in the S. H.
Mountains; the Harqua Hal a or Bonanza mine,
in the Little Harquahala Mountains; and other
less well-known properties have shipped considerable gold ore. Silver and lead were mined
for some years in the Castle Dome Mountains.
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Gold placers were formerly worked alcmg Colorado River near.La Paz and Ehrenberg, in and
near the Dome Rock and Plomosa· Mountains,
and at Gila City on Gila River, at the site of the
present town of Dome. Some placer mining
is still in progress in the Plomosa and Dome
Rock mountains, but elsewhere activity of this
sort has almost entirely ceased. The lack of
water appears to be the principal obstacle to
the successful development of the placers.
In the old vein mines the richer and more
accessible portions of the ore·bodies have been
worked out, and lack of transportation facilities and of capital have prevented further development. The Harqua Hala mine is now being
reopened for copper. It is possible that many
of the mines now abandoned could again be
made profitable producers by extending the
workings deeper.
.
At present (1918) there is considerable activity in the small copper mines in the vicinity of
Cunningham Pass, in the Harcuvar Mountains.
Mining for copper and other metals is being
carried on in the Buckskin and Plomosa mountains and to a small extent elsewhere. More or
less desultory prospecting is in progress in all
the mountain ranges. In 1918 plans were
being <;Iiscussed for a reopening of some of the
mines in the vicinity of Kofa.
A detailed discussion of the geologic features
of the ore deposits in the region is beyond the
scope of this paper, but descriptions of some
of the mines will be found in the final report 39
now being prepared. Bancroft 40 has described
the deposits in the northern part of the region,
and the deposits noted in the southern part
appear to be in general similar to the types he
describes. According to him there were three
_periods of mineralization-pre-Cambrian, Mesozoic, and Tertiary. He describes numerous
types of deposits belonging to these periods,
also the placers in the vicinity of Quartzsite.
The reports of the governor of the Territory
of Arizona contain many references by W. P.
Blake, Te~ritorial geologist, to deposits in this
area. Jones has described deposits in the
Dome Rock Mountains 41 and near I{ofa, in the
S. H. Mountains. 42
ag Ross, C. P ., The lower Gila region, Ariz.: U.S. Geol. Survey WaterSupply Paper- (in preparation).
~o Bancroft, Howland, op. cit.
H Jones, E. L., jr., Gold deposits near Quartzsite, Ariz.: U. S. Geol.
Survey Bull. 620, pp. 45-57, 1916.
•
42Jones, E. L., jr., A reconnaissance in the Kofa Mountains, AriZ.:
U. S. Geol. Survey Bull. 620, pp. 151-164, 1916.
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THE FLORA OF THE CHEYENNE SANDSTONE OF KANSAS.
By EDWARD WILBER BERRY~

INTRODUCTION.

The present study is based on collections
made by Hill in 1894, Ward and Vaughan in
1896, Ward, Gould, White, and Cain in 1897
.
'
and Lee In 1919. These collections were very
extensive, but the bulk represented small
fragments of the more abundant species, such
as the Sequoia and Sapindopsis. The flora
itself as at present known consists of a very
small number of species.
The Cheyenne sandstone comprises about
100 feet of gray to yellow friable quartz sandstone with subordinate lenses of dark shale.
The sandstone ranges from fine to coarse and
contains a few layers of quartz and chert
pebbles. It is in the main only slightly
consolidated and 'is very friable and easily
eroded. The bedding is extremely irregular
and discontinuous, and cross-bedding is obvious
throughout and in places extremely pronounced.
Logs of silicified wood and Cycadeoidea minuta
from these beds were recorded by Cragin. 1
The Cheyenne sandstone rests upon "Red
Beds" of supposed Permian age and is. overlain by the Kiowa shale-shallow-water and
lagoon deposits of alternating. layers of marl
and bituminous clay shale, with a marine
fauna that includes many species characteristic of the Washita group of the Texas Cretaceous.
The invertebrates are said by Twenhofel to
number about 50 species, of which the following are some of the commoner forms:
Cardium kansasense Meek.
Cyprimeria kiowana Cragin.
Exogyra texana Roemer.
Gryphaea corrugata Say .
. Gryphaea navia Hall.
Ostrea quadriplicata Shumard.
Pecten texan us Roemer.
Protocardia texana Conrad.
Schloenbachia belknapi (Marcou).
Schloenbachia peruviana (Von Buch).
Trigonia emoryi Conrad.
• Cragin, F. W., Washburn Coli. Lab. Nat. Hist. Bull., vol. 2, pp.
$-66,1889.

In some places the Tertiary overlies the
Kiowa; elsewhere the following units in ascending. order have been recognized by Gould:
Sprmg Creek clays, Greenleaf sandstone, Kirby
clays, and Reeder sandstone. The names are
those proposed by Gould and Cragin and have
not been formally recognized by the United
States Geological Survey. These units are
chiefly local phases or lentils in the Kiowa of
little significance except as indicative of l~cal
and more or less contemporaneous variations
in conditions of deposition, with perhaps a
basal member of the Dakota sandstone represented in the ''Reeder.''
IUSTORICAL SUMMARY.

The term "Dakota group" was first used in
1.861 by M~ek an~ Hayden 2 for the lower portion of thmr sectwn of the Cretaceous of N ebraska, corresponding to No. 1 of the classic
Meek and Hayden Upper Missouri section. 3
This term or simply Dakota or Dakota sandstone has subsequently been used in innumerable references to local geologic sections
throughout the West. The .assumption that
the Upper Cretaceous of that whole region
contained two persistent sandstones-the Dakota at its bottom and the Fox Hills near its
top-and the fancied recognition of these
sandstones over a wide area have caused much
of the confusion and controversy that have
arisen over the interpretation of the western
Cretaceous.
As originally understood the term Dakota
was applied to the pre-Benton Cretaceous, no
Lower Cretaceous being ·then recognized in
that region. Unquestionably the typical Dakota sandstone represents the littoral or marginal deposits of the transgressing Benton sea;
but that there are similar· and somewhat
earlier continental or marginal sandstones in
2 Meek, F. B., and Hayden, F.' V., Acad. Nat. Sci. Philadelphia
Proc., vol. 13, p. 419, 1861..
8 Hall, James, and Meek, F. B., Am. Acad. Mem., vol. 5, p. 405, 1856.
Meek, F. B., and Hayden, 1~. V., Acad Nat. Sci. Philadelphia Proc
vol. 8, p. 63, 1856.
.,
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Kansas, Colorado, the western Black Hills,
and presumably elsewhere in this region has
been pretty well known for a number of years.
Their exact age has been a matter of considerable differences of opinion.
The history of paleobotanic discovery of the
so-called Da.kota flora has been given in Lesquereux's three memoirs and need not be recounted her~ except to point out that the collection~, a study of which resulted in the identification of over 400 species of plants, were made
at different tirnes and places by a number of
different collectors, who, as in so n1uch of the
early exploratory work in the W~st, paid little
attention to stratigraphic position or locality.
Any yellowish or reddish sandstone with impressions of dicotyledonous leaves was Dakota
in age, and for a large number of species "Dakota group of Kansas," or at most the county
·from which the specimens were collected, is all
we know of the whereabouts of the outcrop.
Apparently the fiTst to notice m.arine fossils
at the base of the red Cretaceous (Dakota)
sandstones was Le Conte. 4 Cragin, while at
Washburn College~ Topeka, Kans., did much
work upon the Cretaceous and published many
short paleontologic papers. In 1890 he described a cross-bedded sandsto.ne (the Cheyenne sandstone) which underlay marine beds.
in southern Kansas and which he considered
to be related to the Potomac, Tuscaloosa, Trinity, and "A.tlantosa·urus beds," and the next
year he published the statement that the Cheyenne sandstone was probably of the same age
as the Trinity of Texas, the Potomac of the
Atlantic Coastal Plain, and the Wealden or
Purbeck of Europe. Invariably in his discussions he used the term Comanche as the interchangeable equivalent of the European N eocomian.
The fust definite announcement of the flora
contained in the Cheyenne sandstone was made
by Hill, 5 who recorded the following species
from collec.tions made by Hill, Gould, and
Shattuck in 1894:
Rhus uddeni Lesquereux.
Sterculia snowii Lesquereux.
Sassafras mudgii Lesquereux.
Le Conte, J. L., Notes on the geology of the survey for the extension
of the Union Pacific Railway, Philadelphia, 1868.
5 Hill, R. T., Discovery of a dicotyledonous flora in the Cheyenne sandstone: Am. Jour. Sci., 3d ser., vol. 49, p. 473, 1895; On outlying areas of
theComancheseriesin Kansas, Oklahoma, and New Mexico: Idem, vol.
50, pp. 205-234, 1895.
.
4

.....

Sassafras cretaceum obtusum Lesquereux.
Sassafras n. sp.
Glyptostrobus gracillimus Lesquereux.
Sequoia sp. (cones).
·

Cragin's condusions were given in a paper
published in 1895, 6 in which the section is given
as follows:
· Kiowa shales.
Champion shell bed.

{Stokes sandstone.
Elk Creek beds L
hi r h
Chey~nne sandstone
anp e s a1e.
{
Corral sandstone.

From the ''Elk Creek b~ds '' he recorded
Sterc,ulia snowii, Sassafras mudgei, Sassafras
cretacenm, Sassajra8 sp., Rhus uddeni, Sequoia
sp., and Glyptostrobns gracillimus. 7 Only the
first two of these are contained in the collections
studied by me.
Other contributors to the subject prior to
1900 were Mudge, Prosser, fJones, Stanton, and
Gould. Their results are not pertinent to my
present purpose beyond the fact that they show
conclusively the presence of a sandstone, the
Cheyenne, containing the remains of a land
flora in southern Kansas beneath a marine
series, the Kiowa shale, carrying a fauna that
is correlated ·with that of the W a.shita group
at the top of the supposed Lower Cretaceous
section of Texas as elaborated by Hill.
During his residence in Kansas Twenhofel
studied the Cretaceous of the central part of the
State, and in a brief paper 8 published in 1917
he confirmed Cragin's earlier results 9 that a
situation identical with that of southern Kansas prevails in central Kansas. In a more
recent article 10 he contends that the Dakota of
Kansas and the Washita group of Texas are of
the same age, and that both the CheyenneKi9wa-'' Medicine beds" sequence of southern
Kansas and the Mentor-Dakota sequence of
central Kansas should be referred to the
Comanche series.
The "Dakota flora" of the Denver Basin has
recently been revised by Knowlton. As a
result of field work by Lee and Cannon during
1916 it has been shown 11 that the formation
from which Lieut. Beckwith collected the
''Dakota" plants from ¥orrison, Colo., that
a Cragin, F. W., A study of the Belvidere beds: Am. Geologist, vol.16,
pp. 357-385, 1895.
1 Idem, p. 367, quoted from Hill.
.
s Twenhofel, W. H., KansasAcad. Sci. Trans., vol. 28, pp. 213-223, 1917.
9 Cragin, F. W., Am. Geologist, vol. 16, pp. 162-165, 1895.
10 Twenhofel, W. H., Am. Jour. Sci., 4th ser., vol. 49, pp. 281-297, 1920.
u Lee, W. T., Am. Jour. Sci., 4th ser., vol. 49, p!). 183-188, 1920
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Lesquereux described is the same as that
described by Richardson 12 in 1915 as the
Purgatoire formatibn and referred to the top
of the Lower Cretaceous. This formation has
also frequently been called "Lower Dakota."
-.. Below this, in the type section at Morrison and
within the Morrison formation (" Atlantosaurns beds") as originally described, there is
about 100 feet of friable sandstone and shale
contnining traces of a flora similar to that
found in the overlying sandstone. This flora
has been discus~ed by Knowlton/ 3 who quite
rightly _concludes that it is Upper Cretaceou~.
I am not concerned in this paper with the
taxonomic proposals regarding what shall be
the stratigraphic limits of the Dakota, but
solely with the general relations and their bearing on the geologic history of the region and
the boundary ~etween Lower and Upper
Cretaceous.
It has been customary for geologists, par.ticularly those who had a leaning toward
philosophy, to postulate a rhythm of positive
and negp,tive movements' of the strand by
which .the boundaries of the different systems
could readily be determined. There may be
some physical basis for this conception, but it
should be recalled that all series of changes can
be considered rhythmic, with some elasticity
in the application of criteria, and I am one of
those reactionaries who believe that, however
imperfect the scheme as devised for the region
first and longest studied, namely, Europe, the
,classic names an~ approximate limits of the
systems should be adhered to; for, after all, the
best classifications, whether of geologic time
or of formations, igneous rocks, or organisms,
are those which are most easily understood and
used.
Time is continuous, · time .bounda.ries are
always subjective, and the time-honored
terms Permian or Triassic or "Lower Carboniferous'' or Lower. Cretaceous are to me as
essential to clear thinking and the interchange
of geologic ideas among nations as the minutes,
hours, and days of the current time scheme,
however illogical these may seem in sidereal
astronomy.
According to the customary American
scheme the- Lower Cretaceous should be con12 Richardson, G. B., u.s. Geol. Stirvey Geol. Atlas, Castle Rock folio
(No. 198), 1915.
13 Knowlton, F.--II., Am. Jour. Sci., 4th ser., vol. 49, pp. 189-194, 1920..
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sidered to have ended with the withdra'Yal of
the ·Lower Cretaceous sea and the Upper
Cretaceous to have begun with the initial
transgression of the Upper Cretaceous sea.
Where the interval between these two events
was long, with continental deposition, much
confusion and difference of interpretation results. A classic instance of such differences
is the controversy over the boundary between
the Cretaceous and Tertiary in the Great
Plains and Rocky Mountain region of North
America, which the Tertiary sea was so inconsiderate as not to invade. If geology at its
inception had concerned itself chiefly with
continental deposits and land. plants and animals and had ignored marine formations and
life the situation would be exactly reversed,
and the marine sediments would probably be
those in dispute.
· On none of the continents, so far as I can
discover, did the sea complete a cycle of invasion and withdrawal of what might be called
the first magnitude during the Lower Cretaceous epoch. In the Atlantic Coastal Plain
no marine Upper Cretaceous deposits earlier
than the European Turonian are known except in the Texas area, where marine formations representing a part but not all of the
Lower Cretaceous of Europe advance haltingly from the south. The oldest of these
formations is the ·Trinity, whieh in my judgment is nowhere as old as the N eocomian of
Europe. This is followed by the Fredericksburg group, which Hill called N eocomian but
which contains a younger fauna. If one disregards Bose's correlations of the Mexican .
Cretaceous on the ground that Mexico is too
remote from the north Texas-I(ansas area,
Whitney's studies of the fauna of the Buda
limestone not only clearly show its Cenomanian
age but also show that it is late Cenomanian.
Similarly the. fauna of the Georgetown limestone is Cenomanian. (Whitney has refrained
thus far from making any intercontinental
correlations.) It is a striking confinnation
of this correlation that the Buda limestone
near Austin ·and hence in the region of more
continuous marine conditions than farther
north should be immediately overlain by the
Turonian Eagle Ford f(}rmation. The problem
of working out the interfingering of formations between north and central Texas is
largely a problem of inver.tebrate paleontology
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and would not be mentioned in the present
connection if it were not for the necessity of
showing that the correlation of the Texas
Comanche series with the Lower Cretaceous
of Europe is incorrect and can not hope to be
ultimately accepted, and because this problem
is so intimately bound up with the age of the
Cheyenne sandstone.
If there is no marine Lower Cretaceous in
Kansas, as I contend, our ideas of the sequence
of events from late Lower Cretaceous time into
the Upper Cretaceous require to be very greatly
modified.
With regard to Twenhofel's proposal to refer
t4e Mentor a:nd Dakota of central Kansas to
the Comanche, ~11 that I can say is that while
he and before him Cragin and others have
written about the Dakota flora, this term is
altogether meaningless stratigraphically, except that it denotes in a most general way a
change in facies between Lower and Upper
Cretaceous floras. The flora of the Cheyenne
sandstone, and I presume that in the Mentor
formation as well, is no more like that of the
Woodbine sand than the Woodbine flora is like
that of the several formations of the Montana
group, and the reference of the Dakota sandstone-that is, the post-Mentor Dakota sandstone ot central Kansas-to the Lower Cretaceous if correct would of necessity carry
with it the Bingen sand of Arkansas·, the Tuscaloosa formation of Alabama, the Black Creek
formation of the Carolinas, and the Magothy
formation of New ,Jersey and Maryland, against
whose correlation with the Senonian of Europe
by paleozoologists I have been arguing for
years, with not very great success."
LOCALITIES.

All the localities from which fossil plants
were collected in the Cheyenne sandstone are
in the immediate vicinity of Belvidere, Kiowa
County, Kans. (See Pl. XLVI.) I give below a transcription of the locality numbers,
with the names of the collectors and dates,
taken from the United States Geological Survey's records. There' appears to be some confusion in the two collections numbered 2224,
nor do I have locality numbers for the material
collected by W ar9. and ~Vaughan in 1896.
These defects in the record are immaterial,
however, for there is no doubt that all the material studied came from the Cheyenne sand-

stone in this immediate region. Many of the
numbers are duplications of identical outcrops
and are given only as a matter of record.
773. Black hills near Belvidere; collected by Hill,
Gould, and Shattuck, 1894.
2217. Osage Rock at Belvidere, from Nos.1and 2 of Hill's
section; collected by 0. L. Cain, 1897.
2218. One and one-half miles· northwest of Belvidere,
from No.3 of Hill's section; collected by Ward and Gould,
1897.
2219. Same as 773. Stokes HilL 100 yards south of the
National Corral; collected by Ward and Gould, 1897.
2220. Stokes Hill, the most northeasterly of Hill's localities; collected by Gould, 1897.
2221. Thompson Creek near the flume, 2 miles northwest of Belvidere; collected by Ward and Gould, 1897.
2222. Champion (Wildcat) Draw, three-fourths mile
south of Belvidere; collected by Ward, Gould, and White,
1897.
2223. Same locality and collectors as 2222, from the
''Lanphier shales.''
2224. Near Medicine Lodge River, 2 miles west of Belvidere (original· locality of Ward and Vaughan in 1896);
collected by ~Vard and Gould.
2224. Champion (Wildcat) Draw, right (east) branch, in
"Lanphier shales," half a mile south of Belvidere; collected· by Ward and Gould, 1897.
2225. One mile southwest of Belvidere, in a draw(" Lanphier shales"); collected by vVard and Gould, 1897.
2226. About 2! miles clue west of Belvidere (fern bed of
1896); collected by Ward and Gould, 1897.
2227. Hills between Spring Creek and Soldier, 4 miles
northeast of Belvidere; c9llected by \Vard and Gould, 1897.
2228. Champion (Wildcat) Draw, right (east) branch,
''Lanphier shales," half a mile south of Belvidere; collected by Ward and Gould, 1897.
2229. Left bank of middle branch of Champion (Wildcat) Draw, half a mile south of Belvidere; collected by
Ward and Gould, 1897.
2230. Draws north of Belvidere ("Lanphier shales");'
collected by Ward and Gould, 1897.
2231. Right bank of middle branch of Champion (V\'ildcat) Draw, half a mile south of Belvidere; collected by
Ward and Gould, 1897.
2232. Osage Rock at Belvidere, "Stokes sandstone"
below the so-called Champion shell bed; collected by
\Nard and Gould, 1897.
2233. First draw west of Champion (Wildcat) Draw,
half a mile south of Belvidere; collected by Ward and
Gould, 1897.
7405. Wildcat Draw, near Belvidere; collected by
W. T. Lee, 1919.
7406,. Osage Rock, near Belvidere; collected by W. T.
Lee. 1919.
CHARACTER OF THE FLORA.

The flora of the Cheyenne sandstone ~s disclosed in the present study numbers but 23
species. It comprises four ferns representing
the families Polypodiaceae and Gleicheniaceae,
and all four are representatives of widely
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ranging and more or less well known Cretaceous types. The collections include a supposed cycadophyte seed, but this is of doubtful
relationship. There is also a fragment of a
trunk of the genus Oycadeoidea, which is of
somewhat uncertain value, as its exact stratigraphic position has been questioned. There
are four coniferophytes and eleven angiosperms. One of these is a supposed monocot}rledon, ten are dicotyledons, and there are
two forms of uncertain botanic relationships.
The dicotyledons represent the orders Sapindales, ~1alvales, Thymeleales, and Umbellales
and are remarkable for the .total absence of a
large number of elements generally found in
floras ·of this age. This absence can not be
wholly explained by accidents of preservation
and discovery and is due, I believe, to the peculiar ecologic grouping resulting from the environment.
The arenaceous portions of the Cheyenne
sandstone .are very conspicuously cross-bedded.
The material is very friable, and the vegetable
remains are 'embedded in all sorts of positions
and curled as they are when covered in a dry
condition by wind-blown sands. All are coriaceous forms, and the abundant Sequoia
cones all have their scales shrunken and widely
distended as in thoroughly desiccated modern
to have blown about and
Cones. They appeal.
•
•
collected in hollows along with the coriaceous
leaves that are found in association with them.
With a single exception the ferns are found in
the clays and evidently were confined largely
to stream banks.
·The variety of plants in such situations may
have been larger than the discovered flora
indicates, but it would seerri as if in collections
so extensive there should be some traces of the
other plants preserved if they were growing
near at hand.
Although the flora is too small and too remote
in time fro:in existing floras to afford satisfactory ecologic data, it does furnish some sug·
I
· d'
gestwns.
t seems to me to Ill lCate a warm
and more or less arid climate, with a sparse
vegetation. I picture this vegetation as of
meager variety and as having been confined
largely to the region of watercourses· between
which were larger areas of sand-hill or beachdune country over which the dried leaves and
fruits were blown, collecting in the hollows and
becoming covered by wind-blown sands. The
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clay lenses-for example, Cragin's "Lanphier
beds "-are waterlaid and might ·represent
seasonal rainfall and flood-plain or playa deposits or normal stream sedimentation, and
it is possible that some of the sands had a like
ongu.L
There is no evidence of aridity in any of the
Cretaceous floras with which the Cheyenne
sandstone flora may be compared, whether such
comparisons are made with the Patapsco and
Fuson floras, on the one hand, or theWoodbine,
Dakota, and Tuscaloosa floras, on· the other.
I believe, therefore, that the Cheyenne flora
does not represent general conditions but is
purely an expression of the local environment
and perhaps represents a wide sandy coastal.
plain or fluctuating beaches backed by dunes,
and that farther inland a more varied and normal flora probably existed throughout the
period when the shallow sea was n1igra ting
·back and forth across southern Kansas.
. A sample of the Cheyenne sandstone was
submitted to Mr. Marcus I. Goldman, who has
kindly furnished the appended observations:
Maeroscopic examination.-A solid but friable :finegrained sandstone of a pale lavender-brown color characteristic of moderately carbonaceous sandstones. No·
lamination. Contains cul'led and Wl'inkled leaf impressions suggestive of deposition in a dry condition, hence in
wind-blown sand.
~Mechanical analysis.-The rock could be easily rubbed
down into its constituent grains. On siem.ng these divided
as follows: Fine sand through 60 on 100 mesh, 12.9 per cent,
0.45-0.26 millimeter; very :fine sand through 100 on 200
mesh, 82.2 per cent, 0.26-0.04 millimeter; extra :fine sand
through 200 mesh, 4.9 per cent, less than 0.04 millimeter.
Microscopic examination showed that the two :finer parts
contained thoroughly disintegrated grains. The coarsest,
however, consisted largely of compound grains which
yielded slowly to disintegration, so the following rough
:figures may be taken: Fine sand, 5 per cent; very :fine
sand, 90 per cent; extra :fine sand,. 5 per cent. In either
case the great predominance of the very :fine sand is obvious.
This predominance of a single size at once suggests wind
action, but' comparison with dune sands (cf. my paper on
the Catahoula sandstone,I 4 where several analyses are
assembled) shows that the maximum is in the size next
:finest to that which forms the maximum in typical dune
material. I have looked up the large collection of analyses
given by Udden 15 and :find that in this character the
sample resembles the :finer sand carried by the wind out
of other deposits. Thus it corresponds with only two of his
dune sands-No. 219, which is the :finest material gathered
at the crest of a dune, and No. 248, from a blown field.
u Goldman, M.I., Petrographic evidence on the origin of the Catahoula
sandstone of Texas: Am. Jour. Sci., 4th ser., vol. 39, p. 269, 1915.
~~ Udden, J. A., Mechanical composition of clastic sediments: Geol.
Soc. America Bull., vol. 25, pp. 655-744, 1915.
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On the other hand, the majority of samples of what he calls
incipient wind-blown sand, which is sand blown out of
other deposits, have this composition, -as do also his lee
sands, which are the finer material blown beyond the body
of a dune.
Microscopic examination.~(!) Thin section: TbJ:ee characters are conspicuous in the thin section of the original
rock, namely, (a)itsporosity, whichisevidentlyprimarythat is, not produced by grinding the thin section~and
is a character of wind-deposited material; 16 (b) the angularity of most of the grains; (c) the absence of a recognizable deposit of secondary quartz on the outside of the
grains. In many cases it can be definitely proved, by the
presence of inclusions throughout the grain, that there is
no outer coat of secondary quartz, and the rough angularity
of the grains does not suggest secondary growth, which
tends to restore crystal form, but, if anything, rather
solution. (II) Disintegrated sand: The disintegrated
material can be studied to greater advantage because it
can be immersed in liquids of different indices of refraction. Thus by immersing in a liquid of index ahout 1.55
the inner structure of the quartz grains and any possible
boundary between nucleus and secondary quartz can be
more readily recognized. Immersing in a liquid of index
about 1.65, on the other hand, brings out brilliantly the
surface form and texture. Murh more·could be observed,
especially in the latter liquid, than the time at my disposal
permitted, but I can make the following generalizations:
(a) None of the portions, not even the coarsest, reveal any
unusual abundance of rounded grains; rather the opposite.
(b) The surface of grains is not frosted, as is characteristic
of wind-blown sand, nor pitted, as if subjected to much
solution, but rather rough and chipped-looking, as might
be the result of mechanical wear. (c) Under the favorable
conditions afforded by immersion in a liquid of index
about 1.55, no. secondary silicification could be detected.
(d) In the finest size a few very small well-rounded grains
were found, the smallest having a diameter of about 0.025
millimeter and being exceptionally perfectly rounded.
Such a grain could probably be produced only by prolonged wind action. 17
The main problem of fact, in spite of these observations,
still concerns the cause of the present form of the ·grains.
Secondary silicification is often very veiled, and in the
absence of comparative studies I am not prepared to
commit myself as to the possibility of solution having
acted on the grains. These two factors aff-ect not only
the form but also the size of the grains. However, the
coherence of the observations made favors the belief in
their correctness. They lead to the following conclusion:
The portion of the Cheyenne sandstone represented by
this sample is nothing like an eolian deposit in an ariel
region, nor even a part of a permanent dune area in a
humid climate, but merely an accumulation of material
blown by the wind out of a deposit of some other origin.
Only an extensive field study could disclose the main
accumulation from which this is separated and other
possible associated facies and lead to a complete and
satisfactory interpretation. From the roughness of the
sand grains I would be inclined to assume rather a delta
than a beach deposit as the dominant type. The very
16

11

Goldman, M. I., op. cit., pp. 28G-281.
Idem, pp. 271-272.

small, perfectly rounded grain noted appears entirely out
of place as the product cif the conditions under which the
sandstone seems likely to have been forined and must
therefore be assumed to be the product of an earlier cycle
in the history of the grain, unless it is assumed that in a
deposition of secondary silica the larger grains have been
favored so that only the smallest grains retain their
original form; but this seems to me incompatible with
the uniform size of the larger grains.
As brought out in the paper on the Catahoula sandstone
there are many more factors .that might have been considered, but being limited in time and having no assistance
for such work I have selected the few that seemed most
rapidly determinable and most important.

A single sample whose position in the local
section is unknown can be conclus\ve only for
that one sample. The foreset bedding of
which I have seen pictures suggests delta
·deposition, but no one has made field studies
of the Cheyenne sandstone with the object of
determining the origin of the sediments or the
method of sedimentation, and Mr. Goldman's
report is therefore chiefly significant in indicating what definite results might be obtained
in this region of an oscillating Cretaceous
strand by a careful study of the l_)roblem.
The plants and their method of occurrence
conclusively indicate a sparse vegetation, at
least seasonal dryness, and accumulation by
the wind. This I am sure was a local condition, as previously stated. Whether these
facts do or do not indicate beaches, interstream
sand hills, or delta deposits can be determined
only by future studies.
AGE OF THE FLORA.

Ignoring for the present the general relations and the implications resulting from the
age of the overlying Kiowa shale or the supposed equivalent beds in Texas, as discussed
in the preceding section, tUnd considering only
the evidence of the fossil plants, I may note
that ten of the 23 species are positively identified as "Dakota" forms and two additional
species are tentatively so identified. Four
others are peculiar to the Cheyenne sandstone.
The type localities of the remaining seven
species were the Cenomanian of Bohemia (one
species), the A tan~_ beds of Greenland (two
species), and the Patapsco formation of Maryland (four species).
Of the so-called Dakota forms in the Cheyenne flora the following species were previously
known from only the "Dakota": Cladophlebis
dakotensis (Lesquereux), Oycadeosper.mum line-
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atum Lesquereux, Sequoia condita Lesquereux, Magothy formation, and Araliopsoides·cretacea
Abietites ernestinae Lesquereux, Sterculia mu- (Newberry) is found in the Raritan and Magcronata Lesquereux, and Sassafras mudgii othy formations of the Atlantic Coastal Plain.
Lesquereux. Of these the first two were found
A prominent element in the Cheyenne
near Delphos, Kans.; Sequoia condita, one of sandstone flora consists of the three nominally
the most abundant forms in the Cheyenne distinct species of Sapindopsis, which are
sandstone, was known simply from "Kansas" equally prominent in the Patapsco formation
and might really have come originally from the of Maryland and Virginia. One of these is also
Cheyenne sandstone; Abietites erne~tinae was probably present in the true '(later) Dakota
from Decatur, Nebr.; Sterculia mucronata was flora, and another has been recorded from the
from Ellsworth County, Kans.; and Sassafras . Fuson formation of the Black 1-Iills, although
m/l.tdgii was recorded from Salina River, Kans., the latter is not entirely characteristic. This
and Evans quarry, S. Dak. According to considerable Patapsco element in the Cheyenne
Stanton the outcrops of the Dakota sandstone flora is of considerable interest: for it includes,
at Delphos, in Ellsworth County, and along in addition to the abundant remains of these
Salina River, in Kansas, and at Decatur, Nebr., three species of Sapindopsis, a characteristic
are in the upper part of the Dakota, the beds Abietites (A. longf(olius). These three forms
at Decatur being within 300 feet of the top. of Sapindopsis are distinguished chiefly by the
Hence the species common to these localities size of their l~aflets and probably in both floras
tend to emphasize the transitional character represent slight. variants of a single botanic
of the Cheyenne flora.
species.
Five of the remaining six species common to
The Patapsco flora has been rather definitely
the Dakota are of still more value in that they correlated with the Albian stage of Europe. 18·
have all been recorded from other regions I do not regard the community of Sapindopsis
where the age is less a matter of doubt. The and Abietites in the Cheyenne and Patapsco as
sixth, Asplen~um diclcsonianum Heer, .is of indicating synchroneity, for the following
slight value in this connection, as it is probably reasons. The Patapsco flora contains 41
a composite species. It has been recorded species that persist into it from the older Lower
from both older and younger formations, Cretaceous. Only one of these, the Abietites,
namely, Tuscaloosa, Raritan, Patapsco, La- occurs in the Cheyenne, and it is also present
kota, Kome, Atane, Kootenai, and the Upper in the Atane beds of Greenland and the Raritan
Cretaceous of Sakhalin Island. Gleichenia nor- formation of New Jersey. The Patapsco flora
denslcioldi was described originally from mate- numbers 83 species, and of this large number
rial coHected in the Kome beds of ·Greeniand only two have been found in the immediately
and ·identified by Lesquereux in specimens overlying Raritan formation. Neither of these
from the Dakota at Fort Harker, Kans. I occurs in the Cheyenne.
have identified the Cheyenne sandstone speciThe Cheyenne entirely lacks the older
mens as this species because they are identical elements that serve to distinguish the Patapsco
with those described under that name by Les- from the Raritan and stamp its age as Albian.
quereux, but neither these nor Lesquereux's For example, the following fern genera of the
specimens can be distinguished from another of Patapsco are not found in the Cheyenne:
fleer's nominal species of Gleichenia, namely, Ruffordia, Acrostichopteris, Knowltonella, OladoGleichenia zippei, which has been recorded all phlebis, Dryopteris, Onychiopsis, Sagenopteris,
over the Northern Hemisphere at horizons Tempslcya, Scleropteris, and Thinnfeldia)· the
ranging from Lower Cretacebus to Senonian following cycadophyte genera of the Patapsco
and has been found in the Atlantic Coastal are not found in the Cheyenne: Otenopteris,
Plain in the Raritan and Magothy formations. Zamiopsis, Nilsonia, Zamites, Dichotozamites,
Abietites longijolius ranges through the Poto- and Podozamites; and the following coniferomac group of Maryland and Virginia and is phyte genera of the Patapsco are not found
found in the Raritan formation in New Jersey in the Cheyenne: Nageiopsis, Brachyphyllum,
and in the Fuson formation of the Black fiills. Araucarites, Pinus, Frenelopsis, Sphenolepis,
Sapindopsis ~magnifolia is a Patapsco species,
1s Berry, E. W., Maryland Geol. Survey, Lower Cretaceous, p.I72,
Sterculia towneri (Lesquereux) is found in the 1911.
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0'
and Widdringtonites. The vast majority of
these are old genera which became extinct
before the dawn of the Upper Cretaceous and
which give the Albian facies to the Patapsco.
Even as regards the angiosperm element of the
Patapsco, which might be expected to show
more similarities to ·only slightly younger
formations, the following genera of the Patapsco are not represented in the Cheyenne:
Cyperacites, Plantaginopsis, Alesinaphyllum,
Populus,. Populophyllum, Nelumbites, Menispermites, Celastrophyllum, Cissites, Araliaephyllum, Hederaephyllum, and .Aristolochiaephyllum.
The angiosperms of the Cheyenne flora,
comprising only eleven species of six genera,
contain but two genera that are found in the
Albian (Sapindopsis and Sassafras).
Moreover, the Cheyenne flora entirely lacks
those supposed Dakota sandstone species
which are common in the Woodbine sand of
Texas, the Bingen sand of Arkansas, the Tuscaloosa formation of Alabama, and the Raritan,
Magothy, and allied formations of the Atlantic
coast region and which clearly show that the
so-called Dakota flora as it stands in the.litera'ture is not a chronologie unit and that there

is a Dakota sandstone which is approximately
of the same age as these formations and which
I am inclined to consider of Turonian age
according to European standards.
I regard the Cheyenne flora as clearly of the
same general facies as those of the Upper Cretaceous formations that immediately succeeded
the Cheyenne sandstone in time and as set.
apart from any known Lower Cretaceous floras
by the absence of the characteristic Lower
Cretaceous element in part exemplified by the
Patapsco genera of ferns, cycads, and conifers
enumerated in a preceding paragraph.
The Cheyenne flora is unquestionably older
than the flora of the Woodbine sand of Texas,
for although the latter also consists largely of
so-called Dakota forms there is not a single
species that is common to the Cheyenne and
Woodbine, and the "Dakota" species of the
Woodbine are nearly all the common forms of
Coastal Plain formations of known age. I
have recently completed a study of the Woodbine flora, 10 so that these statements are
authoritative.
The range of the plants found in the Cheyenne sandstone is given in the appended table
of distribution.

Distribution ofjlora of Cheyenne sandstone.
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Cladophlebis dakotensis (Lesquereux)
Berry .................................. X ........................................................... .
Asplenium dicksonianum Heer. . . . . . . . . . . X X X . . . . . . . . . . . . X ....· X . . . . . . . . . . . . X ........... .
Gleichenia nordenskioldi Heer. . . . . . . . . . . X ............ ,. . . . . . . . . . . . . . . . . . . . X ....................... .
Gleichenia? bohemica (Corda.) Berry ............................. ~ ................ X X .... X .... X
Cycadeoidea muni~a Cragin ...... ·: ....................... . . . . . . . . . . . . . ·. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Cycadeospermum lmeatum Lesquereux ... X ...................................................... ·.... ..
Sequoia condita Lesquereux.............. X ...............................
Cupre_ssinoxylo~ cheyennense Penhallow ................. T1 ............................................. ..
Ab1etites ernestmae Lesquereux .. ·........ X ..........................................·...... . . . . . . . . . . . .
Abietites longifolius (Fontaine) Berrv·..... ? . . . . ? ........ X X X ..............................
..
1
Arundo groenlandica Heer? ......... : .. . .. .. . . . .. . . . .. . . . . X .. . . .. .. . .. . .. ... . .. . X X .. .. .. .. X .. ..
Sapindopsis variabilis Fontaine. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . X
? .............................•.•
Sapindopsis magnifolia Fontaine. . . .. . . . . .. .. . .. . . .. . .. . . . .. . .. .. X .................................... ·
SapindopBis brevifolia Fontaine .................................. X .. ~ ............................... ..
Sapindopsis belviderensis Berry .......................................................................... .
Sterculia towneri (Lesquereux) Berry.. . . . X . . . . . . . . X ............................................... .
Sterculia mucronata Lesquereux. . . . . . . . . X ........................................................... .
Sassafras mudgii Lesquereux............. X . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ? ....... .
Aralia ravniana Ifeer..................... . . . . . . . . . . . . X . . . . . . . . . . . . . . . . . . . . . . . . X ................... .
Aralia polymorph a Newberry. . . . . . . . . . . . . . . . . . . . X .............. : .................................... .
Araliopsoides cretacea (Newberry) Berry.. X . . . . X · X ............................................... .

·1· .......................... .

~:i~t~~~~:~~e~~~~~n~T~~~~r-~--~----~~~~~:: :~:: :::: ::~: :::: ·x· :::::::: ·x· :::::::::::::::::::::::::::: ::::
19

Berry, E. W., The flora of the Woodbine sand at Arthurs Blutf, 'I'ex.: U. S. Geol. Survey Prof. Paper 129, pp. 153-181, 1922.
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SYSTEMATIC DESCRIPTIONS.
Phylum PTERIDOPHYTA.
Class LEPTOSPORANGIATAE.
Order POLYPODIALES.
Family POLYPODIACEAE.
Genus CLADOPHLEBIS Brongniart.

Cladophlebis dakotensis (Lesquereux) Berry.
Pteris dakotensis Lesquereux, U. S. Geol. Survey Mon. 17
(Flora of the Dakota group), p. 24, pl. 1, figs. 2, 3,
1892.

. This species, the type material of which
was collected 10 miles northeast of Delphos,
Kans., was described as follows by Lesquereux:
Ulti:J?ate pinnae linear-lanceolate, pinnately deeply
cut into oblique equal subopposite lanceolate bluntpointed and subfalcate pinnules, connate above the base,
entire, close but disconnected above; median vein thin,
'distinct; secondaries opposite, 6-7 pairs, simple, curving
upward in passing to the borders.
•

This form is obviously to be referred to the
genus Cladophlebis, which was so abundant
during the Mesozoic era. It was referred to
Pteris by Lesquereux, as was the habit among
earlier paleobotanists. The material which
LesquerelL"'{ had and that from the Cheyenne
sandstone are both too meager for critical
comparisons with other described species of
·Cladophlebis. The two · specimens frpm the
.Cheyenne sandstone came from Thompson
Creek near the Flume, 2 miles northwest of
Belvidere (2221).
Genus ASPLENIUM Linne.

Asplenium dicksonianum Heer.
.Asplenium diclcsonianum Heer, Flora fossilis arctica, vol.
3, Abt. 2, p. 31, pl. 1, figs. 1-5, 187 4 • vol. 6, Abt. 2,
pp. 3, 33, pl. 2, fig. 2; pl. 32, figs. 1-8~ 1882.
Dawson, Roy. Soc. Canada Trans., vol. 1, sec. 4, p.
11, 1883; vol. 3, sec. 4, p. 5, pl. 3, fig. 1, 1885; Canada
Geol. Survey Ann. Rept., new ser., vol. 1, p. 76,
1886; Roy. Soc. Canada Trans., vol. 10, sec. 4, p. 91,
1892.
Lesquereux, The flora of the Dakota group, p. 24, pl.
1, fig. 1, 1892.
Newberry, The flom of the Amboy clays, p. 39, pl. 1,
figs. 6, 7; pl. 2, figs. 1-8; pl. 3, fig. 3, 1896.
Ward, U. S. Geol. Survey Nineteenth Ann. Rept., pt.
2, p. 704, pl. 170, fig. 1, 1899; Jour. Geology, vol. 2,
pp. 259, 261, 1894.
Fontaine, in Ward, U. S. Geol. Survey Nineteenth
Ann. Rept., pt. 2, p. 664, pl. 162, figs. 6-8, 1899 (~ot
Fontaine, 1888).
Kurtz, Contribuciones a la palaeophytologia argentina, III: Mus. La Plata Rev., vol. 10, p. 49, 1899.
[1902].
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Ber:::y, Torrey Bot. Club Bull., vol. 38, p. 409, 1911;
New Jersey Geol. Survey Bull. 3, p. 68, pl. 5, figs.
3, 4, 1911; Maryland Geol. Survey, Upper Creta. ceous, p. 767, 1916; U. S. Geol. Survey Prof. Paper
112, p. 53, 1919.

This species was described by Heer in 1874
from material found in the Kome beds (Lower
Cretaceous) of Greenland. It was subsequently identified by Heer in material from the
much later Atane beds (Upper Cretaceous) of
Greenland; Dawson reported it from a number
of localities in the Kootenai formation (Lower
Cretaceous) of British Columbia, although
these records are questionable; and Fontaine
and Ward described it from specimens obtained
in the Lower Cretaceous of the Black Hills. It
is also reported by both Lesquereux and Ward
from the Dakota sandstone, and by Kurtz
from Argentina. It seems very doubtful if
these specimens can all be the same plant, and
the geologic range alone suggests that the earlier and the later forms may be distinct. The
Lower Cretaceous forms certainly suggest a
relationship with those widespread types of
sterile fronds variously identified as Thyrsopteris or Onychiopsis, and they may be compared with Onychiopsis goepperti (Schenk)
Berry. The· Upper Cretaceous forms suggest
Anemia rather than Asplenium and are much
like the widespread Eocene species Anemia
haydenii (Lesquereux) Cockerell and Anemia·
8ubcretacea (Saporta) Gardner and Ettingshausen. I-Iowever, in the absence of representative material from the different horizons,
it seems unwise to attempt any segregation at
the present time, and the synonymy is cited in
full for the use of so'hle future student who may
have access to enough material to enable him
to make an accurate revision and segregation
of this so-called species. Attention should also
be called to its resemblance to the form occurring in the Upper Cretaceous of Greenland, the
Raritan formation of New Jersey, and the Tuscaloosa formation of Alabama which goes by
the name Dick sonia groenlandica Heer, although the ground for considering it a Dicksonia is entirely inconclusive.
Besides occurring at the localities named
above the present species is abundant in the
Raritan formation of New Jersey and Maryland, and material that is absolutely identical
with the New Jersey Raritan material which I '
have seen and with that from the Dakota sandstone is present in the Tuscaloosa formation of
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Alabama and the Cheyenne sandstone of southern Kansas. I have recently received a fine
specimen from northeastern New Mexico from
a sandstone that appears to represent the Purgatoire formation.
The specimens from the Cheyenne sandstone,
all of which are fragmentary, were found in
brown clay in a. draw on Medicine Lodge Creek,
3 miles above Belvidere (collected by Ward and
Vaughan, 1896, no number); 1! miles northwest of Belvidere (2218); near Medicine Lodge
Creek, 2 miles west of Belvidere (2224, same
locality as that first cited) ; and 2! miles due
west of Belvidere (2226).
Order GLEICHENIALES.

Family GLEICHENIACEAE.
Genus GLEICHENIA Smith.

Gleichenia nordenskioldi Heer. 20
Plate XLVII, figure 1.
Gleichenia nordenskioldi Heer, Flora fossilis arctica, vol. 3,
Abt. 2, p. 50, pl. 9, figs. 6-12, 1874; vol. 6, Abt. 2,
p. 8, pl. 1, figs. 1, 1a, 1882.
Lesquereux, U.S. Geol. and Geog. Survey Terr. Ann.
Rept. for 1874, p. 334, pl. 2, fig. 5, 1876; Cretaceous
and Tertiary floras, p. 26, pl. 1, figs. 1, 1a, 1883;
U. S. Geol. Survey Mon. 17, p. 25, 1892.

This species was described originally by
Heer from material collected in the Kome beds
of western Greenland. Species of Gleichenia
are very abundant throughout the Cretaceous
section of that region, and Heer founded very
many species· on this material, more than seem
warranted. The stratigraphic boundary between the Kome· and Atane beds has been
shown by subsequent workers to be very
·indefinite, and the Atane beds are present
at the Kome locality, a fact which may account
for the range accredited to a large number
of the species.
Lesquereux subsequently identified Gleichenia nordenskioldi from the Dakota sandstone at Fort Harker, Kans. His material
was not very convincing and perhaps should
not have received a specific name. Material
zo The following do not belong to this species:
Gleichenia nordenskiOldi Fontaine, U. S. Geol. Survey Mon. 15, p. 119,

pl. 21, fig. 11, 1890.
Gleichenia nordenskiOldi Fontaine, inWard, U. S. Geol. Survey Mon. 48, p.

231, pl. 65, figs. 24-29, 1906.
Pezopteris strictinervis Fontaine.

Fontaine, in Diller and Stanton, Geol.
Soc. America Bull., vol. 5, p. 450, 1895; in Stanton, U. S. Geol.
Survey Bull. 133, 1895, p. 15, [1896) .
.A&pidium heterophyllum Fontaine. Fontaine, in Diller and Stanton, .
op. cit., p. 450; in Stanton, op. cit., p. 15.
Q8munda dioksonioide& Fontaine. Fontaine, in Diller and Stanton, op.
cit., p. 450; in Stanton, op. cit., p. 15.

identical With that of Lesquereux is not uncommon in the Cheyenne sandstone, and I
have used the same name for it, although it
should ·be borne in mind that neither Lesquereux's material nor mine is distinct from
what has commonly been called Gleichenia zip-·
pei Heer, 21 which has been identified, often
wrongly; I believe, at a large number of localities
and horizons.
The unwarranted determination of unidentifiable scraps by Ward and especially by
Fontaine has almost completely obscured the
stratigraphic value of any material that they
described. The specimen from Dutch Gap,
Va., which Fontaine referred to this species
not only differs from the type m~terial but
might readily represent the terminal portion
of half a dozen different Patuxent species of
ferns. Similarly the specimens from the Knoxville formation 'Which Fontaine referred to
Gleichenia nordenskioldi are not only not that
species but they are not even all the same thing,
and the fact that these identical fragments
were also referred by Fontaine to Pecopteris,
Aspidium, and Osmunda, as well as to Gleichenia, is a fitting commentary on both the character of the material and the critical value of
Fontaine's results.
What I have called Gleichenia nordenskioldi
is found in the Cheyenne sandstone in clay 2!
miles due west of Belvidere (2226), also described as a draw on Medicine Lodge Creek, 3
miles above Belvidere (fern bed, no number),
collected by Ward and Vaughan in 1896.
Gleichenia? bohemica (Corda) Berry.
Plate XLVII, figure 2.
Pecopteris bohemica Corda, in Reuss, V erste~nerungen der
bohmischen Kreideformation, p. 95, pl. 49, fig. 1,
1846.
Heer, Flora fossilis arctica, vol. 3, Abt. 2, p. 96, pl. 26,
fig. 17a, 1874; vol. 7, p. 6, pl. 58, fig. 4, 1883.
Engelhardt, N aturf. Gesell. Isis in Dresden Abh.,
1891, No. 7, p. 86.
·
Kryshtofovich, Coll. Sci. Imp. Univ. TokyoJour., vol.
40, art. 8, p. 31, fig. 2, 1918.

This species was described by Corda in 1846
from material obtained in the Cenomanian of
Bohemia. It .was subsequently recorded from
the same horizon in Saxony. Heer referred
a number of Greenland specimens to it, and
lately Kryshtofovich has recorded it from the
Upper Cretaceous of Sakhalin Island. If these
u Heer, Oswald, Flora fossilis arctics, vol. 1, p. 79, pl. 43, fig. 4, 1868.
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· re~ords all represent the same species, it was
evidently a wide-ranging type in the earliest
stage of the Upper Cretaceous, which spread
from the Arctic region southward into North
America, Europe, and Asia. There are five
speciinens in the Cheyenne sandstone that
appear to be identical \vith Heer's Greenland
forms, but as they are preserved in a coarse
sandstone their detailed characteristics are
obliterated .. T1le pinnules are coriaceous ' lonO'bl
and narrow and somewhat resemble what
Heer 22 called Gleichenia rigida.
Although details of frond habit and fructification are lacking I have ventured to transfer
this form from Pecopteris to Gleichenia, as it
appears to be congeneric with the numerous
Cretaceous forms of that genus.
It was found in the Cheyenne sandstone on
the left bank of the middle branch of Champion (Wildcat) Draw, half a mile south of
Belvidere (2229).
Phylum CYCADOPHYTA.
Order CYCADEOIDALES.
Genus CYCADEOIDEA Buckland.

Cycadeoidea munita Cragin.
Cycadeoidea munita Cragin! Washburn College Lab. Nat.
Hist. Bull., vol. 2, p. 65, 1889.
Ward, U. S. Geol. Survey Nineteenth Ann. Rept.,
pt. 2, p. 541, 1899.
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Seed oblong-ovate, slightly falcate, rounded at the
lower end, short acmninate at the other; testa smooth,
transversely lineate, the lines distant, parallel; carena
clearly marked longitudinally on both sides, the inner
concave, the outer rounded.

Length 1 to 1.5 centimeters; width about
6 millimeters, somewhat compressed. Testa
thick, shining, and ligneous.
Cycadophyte seeds are not so inequilateral,
and the present form is probably angiospermous. This genus was proposed for Jurassic
forms, of which many have been described.
A few have been described from both Lower and
Upper Cretaceous material. The Cheyenne
form is certainly identical with Lesquereux's
type. Whether or not it is congeneric with
the other species referred to Oycadeospermum,
or whether indeed it represents the seed of a
cycadophyte and not an angiosperm, can not
be determined. My impression is that it
belongs to the latter rather than the former.
Material identical with Lesquereux's type is
found in the Cheyenne sandstone 1 t miles
northwest of Belvidere (2218) and near Medicine Lodge Creek, 2 miles west of Belvidere
(2224).
Phylum CONIFEROPHYTA.
Order CONIFERALES.
Family CUPRESSINACEAE.

Hill 23 states that there is some doubt as to
Genus SEQUOIA Endlicher.
the occurrence of this specimen at this horizon.
Lester F. Ward, who subsequently visited the
Sequoia condita Lesquereux.
locality, states that he was satisfied that it
Plate XLVIII, figures 1-11.
could not have come from the Cheyenne sand-, Sequoia condita Lesquereux, u.s. Geol. and Geol. Survey
stone ?ut may have weathered out from the.
· Terr. Bull., vol. 1, p. 391, 1875 f1876]; Ann. Rept.
overlying "Reeder sandstone." The material,
for 1874, p. 355, pl. 4, figs. 5-7, [1876]; U. s. Geol.
which is only a fragment, has never been
Survey Terr. Rept., vol. 8 (Cretaceous and Tertiary
studied by a competent person althouO'h
floras), P· 32, pl. 1, figs. 5-7, 1883; in Cook and
W d 't t tl t . t .
l
f ' <
fb
Smock, Report on clay deposits in New Jersey p.
ar s a es 1a I IS sure y a ragment o a
29, 1878.
'
cycad trunk.
.
.
Whatever its true horizon it is of interest as
T~e m~xtn?able confusion that results from
one of the latest authentic occurrences of this the ~dent~catwn of detached fragments of coniftype of plant.
erous !ohag~ when they can not be checked
by fruits or m some other way is well illustrated
Genus CYCADEOSPERMUM Saporta.
by the forms that are variously referred to
Cycadeospermum lineatum Lesquereux.
Glyptostrobus gracillimus Lesquereux, Sequoia
Cycadeopsermum lineatum Lesquereux, U.S. Geol. Survey gracillima Newberry, lViddringtonites reichii
Mon. 17, P· 30, pl. 1, fig. 14, 1891 [1892].
Heer, etc. In volume 6 of the final reports of
This seed, which was found 10 miles north- the United States Geological Survey of the
east of Delphos, Kans., was described by Territories Lesquereux gave figures of a plant
Lesquereux as follows:
which he had named some years earlier Glypto22Jlecr, Oswald, Flora rossilis arctica, vol. 1, p. so, pl. 44 , fig. 1, 1868.
strobus gracillimus and whic'-9. he compared with
23 llill, R. T., Am. Jour. Sci., 3d ser., vol. 50, p. 212, 1895.
Frenelites reichii of Ettingshausen. When
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Newberry described the flora of the ''Amboy
clays" (Raritan formation} he renamed Lesquereux's species Sequoia gracillima because he
found associated with similar foliar remains in
New Jersey elongate cones with scales resembling those of a Sequoia. He commented on the
resemblance of these cones to Geinitzia, but
the matter rested here until I compared specimens of the so-called Sequoia gracillima cones
with those of the European Geinitzia formosa
Heer and found the two to be identical. In
.the European Upper Cretaceous these cones
were found attached to foliage of a very different type from Glyptostrobus gracillimus or
Sequoia· gracillima, although in America the
cones were always detached. Foliage like that
of Geinitzia formosa was found, however, associated with them. It seemed obvious that the
cones referred to Sequoia gracillima were those of
Geinitzia formosa, and accordingly I so assigned
them. I had collected hundreds of these cones
and had abundant comparative material.
When I revised the Raritan flora I had much
larger collections than those of Newberry, and I
found that the foliage which he had called
Sequoia gracillima was identical with what he
had identified as Widdringtonites reichii (Ettingshausen) Heer.
These remains are abundant in the Atlantic
9oastal Plain as far south as Alabama and
have never been found with ovulate cones,
although the staminate cones are not uncommon. Thus the slender conifer in the East is
Widdringtonites. Whether Lesquereux's Glyptostrobus gracillimus also represents this genus
or not I do not know. I suspect that in spite
of minor and not very obvious differences
Glyptostrobus gracillimus is none other than
Sequoia. condita, which Lesquereux described
in Hayden's report for 1874 from very ~ncom
plete material collected at Fort Harker and
Clay Center, Kans.
The most. abundant plants in the Cheyenne
sandstone are graceful, delicate coniferous
branches bearing ~umerous distinctive cones
identical with the one referred to Sequoia.
condita. by Lesquereux, as· is the foliage, which
has been recorded in the literature of the
Cheyenne sandstone as Glyptostrobus gracillimus (Ward) and Sequoia. gracillima. (Knowlton). The collections naturally contain many
specimens of detached cones and many specimens of foliage lacking cones, but the evidenc~

is as strong as it can possibly be that when
cones and foliage are found in union in a dozen
specimens those that are found separated in
the same bed are none other. I have specimens
of cones from six localities and of the foliage
from thirteen localities around Belvidere.
Moreover, the foliage shows considerable
variation in the extent to which the leaves are
pointed or obtuse, appressed or spreading, depending not only on a natliral amount of
variation but also on whether it represents
shoots of the year or older twigs, and furthermore the appearance differs greatly with the
nature of the matrix, the extent to which
iron salts have been deposited along the
channels formed by the twigs, and other conditions. The specimens found in the sandstones appear different from those found in the
clays, and some specimens in the clays which
were much incrusted suggested at first sight
the genus Brachyphyllum.
Before describing the species as fully as the
large collection studied permits, I would like
to point out that Sequoia condita is not related
to Widdringtonites, Juniperus, Glyptostrobus,
or Sphenolepis-genera in which the foliage is
comparable-and it is perfectly distinct from
Sequoia fastigiata. It is known only from the
Cheyenne sandstone and from the true Dakota
of Kansas. In the absence of attached cones
the foliage might be referred to any one of
several genera, or its variants might be referred to several different species in as many
genera. Taken together, they demonstrate
that it is a Sequoia, and I do not feel the slightest doubt but that all the materia~ from the
Cheyenne sandstone represents a single botanic
species. It may be described as follows:
Twigs rather rigid, pinnately branched, slender
elongate; covered with small, decurrent,
crowded leaves varying from appressed to
spreading falcate, thick and coriaceous, acute
or obtusely pointed, slightly keeled but without vein. The leaves are arranged in a spiral
phyllotaxy which becomes higher with the
elongation of the twigs. In old twigs 2 to 3
millimeters in diameter they are scattered,
spreading, and falcate. Their blunt tip is
more apparent than real and is due to their
usual or partial preservation in the form of
casts. The variations in appearance are well
shown in the accompanying figures. The ·
cones vary from prolate to nearly spherical in
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form and consist of about. 22 .scales spirally
arranged, as compared with about 30 in· the
cones of the modern redwood. The axis is
stout and fusiform. The scales have a thin
rounded peduncle expanding distad into a
rhomboidal peltate tip only slightly wider than
high, with a wrinkled marginal face surrounding a central laterally elongated umbilicus.
Length of cone (maximum), 2.4 centimeters;
diameter (maximum), 1.8 centimeters. Average size somewhat smaller. Length of scale
(maximum), 8 millimeters; width, 6.5 millimeters; height, 4.5 millimeters. These cones
are remarkably like those of the existing redwood (Sequoia sempervirens) in every respectsize· of axis, shape of scales, etc.-except that
the scales. are less numerous in the fossils and
the maximum size of the scales is about sixsevenths that of the average redwood scale.
The average size of the fossil cones is from
two-thirds to five-sevenths that of the modern
cones.
The condition of preservation of these cones
is a strong argument in favor of the eolian
character of the sandstone. All have the
scales somewhat shriveled and widely separated and are ex&ctly comparable to thoroughly
dried redwood cones. They are exceedingly
abundant in the sandy phases of the Cheyenne
sandstone, as if they had been blown about by
winds and accumulated in hollows. I have not
encountered them in the clays, although the
clays contain specimens of the foliage.
Whether or not Sequoia condita occurs at any
other horizons or localities is problematic and
can be determined only by the best of evidence,
for, as I have already stated, the foliage is
duplicated more or less closely by a variety of
unrelated conifers. In particular the Upper
Cretaceous conifer known .as Widdringtonites
subtilis, a form that I have not mentioned
above, has foliage very like the more slender
twigs of Sequoia condita, and in the absence of
cones I doubt if the twcr could be distingui~Shed.
However, a single specimen of Widdringtonites
subtilis found in the Tuscaloosa formation of
Alabama had small four-valved cones entirely
unlike those of Seq_noia condita.
· The Cheyenne sandstone localities are as
follows: Cones and foliage, black hills near
Belvidere (773); 1 ~ miles northwest of Belvidere (2218); Champion (Wildcat) Draw, threefourths mile south of Belvidere (2222); near
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Medicine Lodge Creek, 2 miles west of Belvidere (2224) ; left bank ·of middle branch of
Champion (Wildcat) Draw, half a mile south of
Belvidere (2224); right bank of same draw
(2231); Osage Rock, near Belvidere (7406).
Foliage only, Stokes Hill, 100 yards south of"
National Corral (2219); "Lanphier shales" in
Champion (Wildcat) Draw, three-fourths mile
south of Belvidere (2223); "Lanphier shales"
in a draw 1 mile southwest of Belvidere (2225);
hills between Spring Creek and Soldier, 4 miles
northeast of Belvidere (2227); Champion (Wildcat) Draw, right (east) branch, half a mile
south of Belvidere, in "Lanphier shales"
(2228); first draw west of Champion (Wildcat)
Draw, half a mile south of Belvidere (2233).
Family ABIETINEACEAE.
Genus ABIETITES Risinger.

Abietites longifolius (Fontaine) Berry.
Plate XLVII, figure 3.

Abietites longijolius (Fontaine) Berry, U. S. Nat. Mus.
. Proc., vol. 40, p. 315, 1911; Maryland Geol. Survey, Lower Cretaceous, p. 407, pl. 67, fig. 7, 1911.
Leptostrobus longifolius Fontaine, U. S. Geol. Survey
Mon. 15, p. 228, pl. 101, fig. 2; pl. 102, figs. 1-4; pl.
103, figs. 6-12; pl. 104, fig. 6, 189.0; in Ward, U. S.
Geol. Survey Nineteenth An.n. Rept., pt. 2, p. 671,
pl. 163, fig. 15; pl. 165, fig. 3, 1899; U. S. Geol.
Survey Mon. 48, pp. 281,481, 482, 491, 506, 528, 557,
pl. 110, fig. 11, pl. 116, fig. 1, 1906.

Leaves narrow, needlelike, 10 to 15 centimeters in length,· aggregated in bundles. Bundles
apparently borne on short shoots, with many
leaves in each bundle. No satisfactory venation can be made out. Fontaine described a
number of veins in these forms, but as nearly
as can be .determined these are simply folds
due to compression or the angles of the leaf.
This species has a considerable geologic as
well as geographic range, having been recorded
from the Kootenai formation of British Columbia, the Fuson formation of the Black
I-Iills, and the Potomac group in Maryland and
Virginia. In the Potomac group it is of frequent occurrence and individually abundant,
being found in the oldest as well as the youngest beds, but much more commonly in the latter. The remains are always poorly preserved
and were evidently much macerated before
fossilization. They are closely comparable
with Pinites solmsi Seward, of t4e Wealden,
and with Pinus peterseni Heer, from the Kome
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, beds of Greenland. They appear to be identical with specimens from the Atane beds of
Greenland which Heer 24 described as Pinus
vaginalis. I have not, however, included the
latter in the foregoing synonymy, as it is an
earlier na1ne and "~ould involve changing ·the
well-known and highly characteristic name
longifolius.
These remains are very common in the
Cheyenne sandstone. Similar forms under
different specific nan1es are common and wideranging at Lower and Upper Cretaceous horizons in North America, Europe, and Asia.
The Cheyenne sandstone localities are black
hills near Belvidere (773); 1-! miles northwest
of Belvidere (2218); Thompson Creek near the
flume, 2 miles northwest of Belvidere (2221);
Champion (Wildcat) Draw, three-fourths mile
south of Belvidere (2222); 1 mile southwest of
Belvidere (2225); left bank of middle branch
of Champion Draw, half a mile south of Belvidere (2229); and right bank of same branch
(2231).

.
Abietites ernestinae Lesquereux.

Abietites ernestinae Lesquereux, U. S. Geol. Survey Terr.
Rept., vol. 6, p. 49, pl. 1, fig. 7, 1874.
Pterophyllum hayqenii Lesquereux (part), Am. Jour. Sci.,
2d ser., vol. 46, p. 91, 1868.

Lesquereux characterized this species as
follows:
Cone oblong, abruptly narrowed to a short pedicel,
scales broad, truncate, appressed, and imbricated in spiral.

This diagnosis obviously has nothing that
would serve to set it apart from what might
be written of dozens of fossil cone fragments of
diverse relationships. The species was described from fragments collected near Decatur,
Nebr., and similar cone fragments are present
in the Cheyenne sandstone. They are not to
be distinguished from other so-called species
which I have referred to the genus Abietites of
Hisinger. 25
This genus is a convenient and useful repository for fossils, both strobilar or foliar, whose
real or fancied affinities are with the modern
Abietinaceae. These range in age from the
Keuper to the Pliocene, though the bulk came
from othe Cretaceous, and they comprise obscure
impressions of foliage and cones, none of which
have any real biologic value or present any
24 Heer, Oswald, Flora fossilis arctica, vol. 3, Abt. 2, p. 103, pl. 27,
fig. 15b, 1874.
.
ss Risinger, W., Lcthaea suecica, p. 110, 1837.

definite clue to their true relationship. Fontaine has included in this genus fossils from the
Triassic of North Carolina and various indefinite remains from the Trinity group of Texas,
the Shasta series of California, the Lakota
sandstone of the Black Hills, and the Potomac
group of Maryland and Virginia. The Potomac
fossils he segregated into four species, all of
which were based on obscure cone impressions
and none of which possess much specific value.
When it is remembered what diverse appearances may be assumed by a single species of
cone, irrespective of individual variation, as a
result of different stages of maceration before
preservation, of differences in the matrix, and
of differences in the direction and force of compression, it seems very probable that such forms
can never be discussed satisfactorily.
Similar forms from the English Wealden
and late;r Cretaceous are described by Carruthers, Gardner, Seward, and others and referred
to the comprehensive genus Pinites of Endlicher
(1847). They are in all probability congeneric if not specifically identical with American forms referred to Abietites, and that name
is preferable, as Pinites Endlicher is antedated.
by Pinites Witham, which was proposed for
very different objects.
Abietites cones are also common in the French
and Belgian Cretaceous and have usually been
referred to the genus Pinns, although there is
slight warrant for such a procedure.
Abietites cones are rare in the Cheyenne sandstone, being known only from Osage Rock, at
Belvidere, in the "Stokes sandstone" below ~
the so-called Champion shell bed at the base
of the Kiowa shale (2232).
Genus CUPRESSINOXYLON Goeppert.
\

Cupressinoxylon cheyennense Penhallow.
Cupressinoxylon cheyennense Penhallow, Roy. Soc. Canada
Trails., 2d ser., vol. 6, sec. 4, p. 76, 1900 (1901];
Manual of North American gymnosperms, p. 238,
1907.
c

This species was described as coming from
the Cheyenne sandstone east of Stokes I-Iill, on
the IGowa-Baker County line, and was collected by Prosser.
There is nothing to be added to the original
description of this species, which was unillustrated. Nor is it worth while to quote that
description, for it is very doubtful if the form
could be recognized again, even by the author,
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short of comparison with the type sections.
There is some doubt as to whether it came
from the Cheyenne sandstone. I include it
merely for the sake of completeness. In the
case of Araucarioxylon prosseri, which Penhallow 26 recorded from this region, the data
are so entirely uncertain that I omit any
further reference to it.
Ou,pressinoxylon cheyennense is of some interest, as Penhallow definitely remarks upon the
presence of growth rings, which is thus in
accord with my supposition that the region
had an arid climate and seasonal rainfall.
Phylum ANGIOSPERMOPHYTA.
Class MONOCOTYLEDONAE.
Order POALES.
Genus ARUNDO Linn~.

Arundo ·groenlandica Heer?
Arundo groenlandica Heer, Flora fossilis arctica, vol. 3,
Abt. 2, p. 104, pl. 28, figs. 8-11, 1874; vol. 6, Abt.
2, p. 57, pl. 17, fig. 10, 1882; vol. 7, p. 18, pl. 54,
,
figs. 1-3, 1883.
Brozzi, Soc. ital. sci. nat. Atti, vol. 31, p. 403, pl. 6,
fig. 5, 1888; Soc. geol. i tal. Boll., vol. 10, p. 37 6, pl.
16, fig. 3, 1891.
Berry, U. S. Geol. Survey Prof. Paper 84, p. 28, pl.
4, fig. 7, 1914.

Striated culms an~ fragments of long, linear
pointed leaves, 2 to 3 centimeters in width.
Veins numerous, fine, and parallel.
This identification is queried because of the
general lack of individuality in remains of this
sort. They include the specimens from Belvidere that Ward referred to as bamboo-like
stems in his discussion of Feistmantelia.
The species was described by Heer from
material found in both the Atane and Patoot
beds of western Greenland. It was subsequently recorded by me from the Middendorf
arkose member of the Black· Creek formation
in South Carolina and by Bozzi from the
Emscherian of Italy. Little reliance can be
placed upon records of remains of this sort,
however, which also resemble in a general way
,,the somewhat earlier forms referred by Schenk
and others to Eolirion.
The Cheyenne sandstone localities are Champion (Wildcat) Draw, shales three-quarters of a
mile south of Belvidere (222) ; hills between
Spring Creek and Soldier,:) 4 miles northeast of
26 Penhallow, D.P., Roy. Soc. Canada Trans., 2d ser., vol. 6, sec. 4,
p. 77, 1901.
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Belvidere (2227); and Champion (Wildcat)
Draw, right (east) bank half a mile south of
Belvidere ("Lanphier shales," 2228.).
Class DICOTYLEDONAE.
Order SAPINDALES.
Family SAPINDACEAE.
Genus SAPINDOPSIS Fontaine.

Sapindopsis .variabilis Fontaine.
Plate LV, figures 2-4.
Sapindopsis variabilis Fontaine, U. S. Geol. Survey Mon.
15, p. 298, pl. 151, fig. 1; pl. 152, figs. 1, 4; pl. 153,
fig. 3; pl. 154, figs. 2-4; pl. 155, 'figs. 2-5, 1890; in
Ward, U. S. Geol. Survey Nineteenth Ann. Rept.,
pt. 2, p. 690, pl. 169, fig. 9, 1899; U.S. Geol. Survey
Mon. 48, pp. 481, 482, 489, 532, pl. 114, fig. 2, 1906.
Berry, U. S. Nat. Mus. Proc., vol. 38, p. 641, 1910;
Maryland Geol. Survey, Lower Cretaceous, p. 469,
pis. 83, 84, 85, 1911.
Sapindopsis parvifolia Fontaine, U. S. Geol. Survey Mon.
15, p. 300, pl. 154, fig. 6, 1890.
Eucalyptus rosilriana Ward, U. S. Geol. Survey Mon. 48,
p. 530, pl. 113, figs. 9, 10, 1906.
Ficus myricoides Ward, idem, p. 531, pl. 112, fig. 12, 1906.
Rogersia angustifolia Fontaine, in Ward, idem, pp. 491,
51Q (not p. 521), 1906.
·

Leaves odd-pinnate, in some specimens even-.
pinnate, with three pairs of lateral leaflets,
which may be opposite, although usua~y there
is a tendency toward a subopposite arrangement, markedly so · in several specimens.
Leaflets normally lanceolate, individuals of the
same leaf about of a size, usually markedly
decurrent, but variable in this respect. The
proximal leaflets are always less decurrent than
the pair next above, and some e~en have short
petioles. The upper leaflets are remfl.rkably
variable; some have an abnorma,l decurrent
wing which joins the inner lamina of the next
lower pair of leaflets; in others the rachis
entirely lacks a wing. The leaf may be terminated abruptly by a pair of leaflets variously
coalesced, or the three apical leaflets may be
variously united, their laminae may be almost
symmetrical or markedly inequilateral, their
margins showing a tendency toward undulation, and rarely a leaflet is divided into a basal
and an apical part by a sharp constriction on
one side near the middle of the blade. The
specimens range in size from the small forms
.upon which Fontaine founded his species
S. parvifolia and which are 1.6 centimeters long
and 0.4 centimeter wide to forms which approach S. magnifolia in size and are 10 centi-
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meters long and 1.5 centimeters wide. The
average dimensions of a large number of specimens, however, are 6 to 7 centimeters long by
1 to 1.3 centimeters wide.
Leaves thick, with smooth surface. Rachis
and midrib stout. Venation more prominent
than in the other species but still very faint,
with the exception of the secondaries, which
though fine are more conspicuous than in the
other species. Secondaries forming a wide
angle with the midrib, nearly straight for twothirds of the distance to the margin, where they
bend sharply upward and join the secondary
next above by a slightly curved arch. As the
secondaries are numerous and almost uniformly
spaced the venation resembles that of a
Eucalyptus except that the marginal hem is
much broader than in that genus. In fact
some of the detached leaflets were determined
by Ward as forms of Eucalyptus, as also was
some of the Virginia material of this species.
This species is exceedingly abundant at many
localities in the Patapsco formation in Maryland
and Virginia and is by far the most characteristic
species of ·that formation, although it has not
been detected at certain other undoubted
Patapsco horizons. Not especially characteristic material is abundant along Oak Creek,
Wyo., in beds that have been referred to the
Fuson formation. This species was also suggested by Cockerell 27 for some leaves from an
unknown geologic horizon in southwestern
Colorado. I have sin~e examined this material,
which is very inconclusive, in my opinion.
Cockerell infers that Sapindopsis may be related to Gnetum, but 1 cannot see any warrant
for such a supposition.
This species is an exceedingly variable form
in all its details, and as during maceration the
·most variable apical portion is the last to be
destroyed, this variability is emphasized in
fragmentary material such as that usually
found. When well preserved it furnishes most
striking specimens, as may be seen from the
specimens reproduced photographically in
Plate LV (figs. 2-4). In life its rigid pinnate
leaves and strict appearance must have made
it a very striking member of the Cheyenne
flora.
The Cheyenne sandstone occurrences of
Sapindopsis
variabilis are Osage Rock at Bel,
IT

Cockerell, T. D. A., Washington Acad. Sci. Jour., vol. 6, p.UO, 1916.

videre (2217, 2232); Stokes Hill (22~0); Thompson Creek near the flume, 2 miles northwest of
Belvidere (2221); Champion (Wildcat) Draw,
three-fourths mile south of Belvidere (2222);
Champion (Wildcat) Draw, right (east) branch,
in "Lanphier shale," hali a mile south of
Belvidere (2224, 2228, 2231); in shale in a draw
1 mile southwest of Belvidere (2225) ; left bank
of middle branch of Champion (Wildcat) Draw
(2229); shales in draws north of Belvidere
(2230); first draw west of Champion (Wildcat)
Draw (2233).
Sapindopsis magnifolia Fontaine.
Plate LV, figure 5; Plate LVI, Plate LVII, figure 2; Plate
LIX, figure 3.

Sapindopsis magnifolia Fontaine, U. S. Geol. Survey
Mon. 15, p. 297, pl. 151, figs. 2, 3; pl. 152, figs. 2, 3;
pl. 153, fig. 2; pl. 154, figs. 1, 5; pl. 155, fig. 6, 1890;
in Ward, U.S. Geol. Survey Mon. 48, pp. 481, 482,
528, 1906.
Berry, U. S. Nat. Mus. Proc., vol. 38, p. 642, 1910;
Maryland Geol. Survey, Lower Cretaceous, p. 47~,
pl. 86; pl. 87, fig. 1; pl. 88, 1911.
Araha dubia Fontaine, U. S. Geol. Survey Mon. 15, p.
314, pl. 157, figs. 1, 7, 1890.
Sapindopsis obt'usidolia Fontaine, idem, p. 301, pl. 156,
fig. 13; pl. 159, figs. 3-6.
Ficophyllum eucalyptoides Fontaine, idem, p. 294, pl. 164,
figs. 1, 2; in Ward, U. S. Geol. Survey Mon. 48, p.
489, 1906.
Sapindopsis tenuinervis Fontaine, U. S. Geol. Survey
Mon. 15, p. 301, pl. 153, fig. 1, 1890; in Ward,
U. S. Geol. Survey Mon. 48, pp. 489, 528, 1906.
Rhus udde.ni Lesquereux, U. S. Geol. Survey Mon. 17
(Flora of the Dakota group), p. 154, pl. 57, fig. 2,
1892.
Knowlton, in Hill, Am. Jour. Sci., 3d ser., vol. 50,
p. 213, 1895.

Leaves commonly odd-pinnate, although a
few even-pinnate forms occur, of considerable
size but somewhat variable. Leaflets three
pairs, comparatively large, lanceolate, tapering
almost equally toward apex and base, the base
inequilateral except in terminal leaflets, pointed,
often lacking apical portions, length increasing
proximad, averaging about 10 centimeters,
longest seen 14 centimeters (estimated), shortest 5 centimeters, width varying from 1.1 to 3.2
centimeters, inequilateral, as the outer half of
the lamina is broader than the inner half and is
markedly decurrent. This feature is least emphasized in the basal leaves, which may even
have a considerable petiole, but becomes ·increasingly pronounced distad, the terminal
leaflets often forming a bilobate or trilobate

FLORA OF TH.E CHEYENNE SANDSTONE OF KANSAS.

whole with the outer margins broadly decurrent and joining the lamina of the leaflet next
below at the point of junction of its inner
margin with the rachis. Certain specimens
show all the leaflets petiolate, a feature largely
emphasized in a specimen from Stump Neck,
Md., :figu,red by me in 1911, showing three
terminal leaflets with petioles 3 to 4 centimeters in length.
The leaflets in this species are much more
commonly petiolate and lacking in the winged
rachis than those in S. variabilis, in this particular closely resembling the leaflets of the
modern Matayba apetala, in which the rachial
Wings are vestigial. Leaf substance thick and
leathery; epidermis :firm a.nd glossy. Leaflets
commonly subopposite, often markedly so,
formiJ?g an acute angle with the rachis. Midribs stout and prominent below. Secondaries
slender, seen only on the under surface of the
leaflets and even there made out with difficulty, eight to ten pairs, branching from the
midrib at a rather wide angle, especially in the
central part of the leaf; the angle is more
acute basally, curving upward ultimately to
join a short branch of the secondary next
above. Tertiaries :fine, forming lax subrhombic areolae where visible.
This species is very common at certain
localities in the Patapsco formation of Maryland and Virginia, u1though at other outcrops
of this sl\me formation it has not been detected.
The grounds for the separation of this
species from S. variabilis are slight, as both are
variable and the larger forms of 8. variabilis
are quite as large as the smaller forms of
~S. magnifolia. In the Patapsco formation
the two species are found in association at all
the 'localities where either occurs, and the
smaller species is usually the more common,
as if the larger species represented ·its occasional J+LOre robust forms. On the other
hand, S. magnifolia has not been detected in
. the abundant remains referred to S. variabilis
found at Oak Creek, Wyo., and there is commonly considerable disparity in size between
the two. There are certain other differences
which appear to be constant. These are the
thicker, relatively longer leaflets of S. magnifolia, with less numerous and somewhat more
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ascending secondaries, which are not connected
distad by relatively flat arches.
The form recorded from the Cheyenne sandstone as Rhus uddeni Lesquereux belongs to
this species, and I am convinced that this is true
of Lesquereux's type material recorded from
the Dakota sandstone and collected, according
to J. A. Udden, "from the west slope of the
Smoky Hill Buttes near Salemburg post office,
Saline County, Kans." There are a number
of other species described by Lesquereux in
the "Flora of the Dakota group" which,
although .I do not feel justified in transferring
them to Sapindopsis, are open to more or less
suspiCIOn. These are Aralia masoni Lesquereux,28 collected 10 miles northeast of Delphos,
Kans., which might represent the terminal
part of a Sapindopsis leaf; Laurus angusta
Heer, 29 which is a fragment from Ellsworth
County, Kans., that in both form and venation
agrees with Sapindopsis; Leguminosites hymenophyllus Lesquereux/ 0 which is somewhat less
similar to the known species of Sapindopsis;
Sapindus diversifolius Lesquereux, 31 from Ellsworth County, Kans., which is also iess similar
to the known species of Sapindopsis)· and Rhus
powelliana Lesquereux/ 2 obtained near Fort
Harker, Kans., which differs from Sapindopsis
in t~e subordinate lobing and small leaflets .
developed at the base of the proximal lateral
leaflets, in these features resembling Rh1ts, but
which is sufficiently like Sapindopsis to be
open to more or less suspicion.
This species has been found in the Cheyenne
sandstone at the black hills near Belvidere
(773); Osage Rock, Belvidere (2217, 2232,
7406); Stok~s Hill100 yards south of National
Corral (2219); Stokes flill (2220); Thompson
Creek near the flume, 2 miles northwest of
Belvidere (2221); near Medicine Lodge Creek,
2 miles west of Belvidere (2224) ; left bank of
middle branch of Champion (Wildcat) Draw,
half a mile south of Belvidere (2229); shale
along right branch of Champion (Wildcat)
Draw (2228) ; and right bank of middle branch
of Champion (Wildcat) Draw (2231).
ss Lesquereux, Leo, U.S. Geol. Survey :M:on. 17, p. 133, pl.15, fig. 4, 1892. ·
29 Idem, p. 93, pl. 16, fig. 7.
·
8o Idem, p. 152, pl. 55, figs. 7-9.
81 Idem, p. 158, pl. 64, fig. 18.
82Idem, p. 155, pl. 56, figs. 4, 5.
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Sapindopsis brevifolia ~Fontaine.
Plate LV, figure 1; Plate LIX, figure l.
Sapindopsis brevifolia Fontaine, U. S. Geol. Survey Mon.
15, p. 300, pl. 153, fig. 4; pl. 155, figs. 1, 7; pl. 163,
fig. 3, 1890; in Ward~ U. S. Geol. Survey Mon. 48,
pp. 481, 482, 528, 1906.
Berry, U. S. Nat. Mus. Proc., vol. 38, p. 644; Maryland Geol. Survey, Lower Cretaceous, p. 473, pl. 87,
figs. 2-5, 1911.

Leaves odd-pinnate, the terminal leaflet
considerably larger than the lateral leaflets, of
which but two pairs are known. These are
opposite. Leaflets somewhat crowded so that
their margins often overlap, with subacute
tips, varying in length from. 2 to '5 centimeters
and in width from 0.8 to 1.6 centimeters, averaging about 3 centimeterslong by 1.3 centimeters wide. Inequilateral toward the base and
showing considerable variation in decurrence,
even among the few specimens known; in
some the rachis is conspicuously winged; in
others the leaflets are all petioled, the .whole
having the aspect of some member of the
Leguminoseae. Midribs stout; secondaries ascending, camptodrome, seen with difficulty,
as the leaf texture is coriaceous.
This is a poorly marked species of infrequent occurrence at the same localities where
the other species of this genus occur and may
simply represent a variant of S. variabilis;
in fact, there is no reason for,considering it to
represent a distinct botanic species, and the
name 1s retained temporarily simply as a
geologic convenience, to be eventually
dropped entirely.
The Cheyenne sandstone localities are 1!
miles northwest of Belvidere (2218), Thompson
Creek near the flume, 2 miles northwest of
Belvidere (2221); near Medicine Lodge Creek,
2 miles west of Belvidere (2224); left bank of
middle branch of C}lampion (Wildcat) Draw
half a mile south of Belvidere (2229); Osage
Rock, Belvidere (2232).
Sapindopsis belviderensis Berry, n. sp.
Plates XLIX-LIV.

Leaves of variable size, pinnately compound,
ranging in length (in the collected material)
from 8 to 19 centimeters and in maximum
width from 4.5· to 14 centimeters. These leaves
are prevailingly odd-pinnate, but a few are
even-pinnate. In addition to the odd terminal
leaflet generally present there are invariably

three pairs of lateral leaflets, which are generally opposite but sometimes subopposite.
These usually decrease regularly in size from
the distal to the proximal pair. In some specimens the terminal leaflet is equilateral, but
all the other leaflets are inequilateral, often
markedly so. All except the terminal leaflet
are invariably sessile, the latter being separated from the distal laterals in some of the
larger leaves by a considerable interval of rachis. Generally, however, the terminal and
upper laterals are confluent in the rachial region to form what, if it were broken away from
the balance of the leaf, would be considered to
represent a palmately trilobate leaf such as is
commonly referred· to the genus. Aralia. The
sinuses may be rather broad, narrowly rounded,
or pointed. The leaflets vary greatly in size,
shape, and marginal characters but agree in
being obtuse, generally abruptly and almost
truncately mucronate pointed. The leaflets
range in form from narrowly spatulate to
broadly ovate or obovate. The margins are invariably toothed, hut there is great variation in
the amount and degree to which the teeth are
developed. Proximally the margins are entire
for a greater or less distance. Above this entire portion the teeth, which are remote and
rather evenly spaced, may be small and serrate or very prominent and dentate. Were
not all sorts of gradations present one might
well doubt that they pertained to the same
plants. The accompanymg illustrations show
these variations much better than they can be
described. The lateral proximal margins of
the terminal pair of leaflets, except in a single
specimen, are decurrent on the rachis, extending downward to the point of insertion of the
next lower pair of leaflets and often continuous with the distal margins of these. This
rachial wing may be broad and triangular, a.
form which, as the terminal leaflets are the
largest, gives the leaf a curious unsymmetrical
or artificial appearance. In other specimens
the wings are narrow and become reduced to
mere marginal hems. In the middle pair of
lateral leaflets the proximal margins are only
slightly if at all decurrent, and generally they
are not decurrent.I No decurrence has been
observed in the lower lateral leaflets, but they
as well as the middle pair have the proximal
side of. the base fuller than the distal side, the
former being generally rounded and the latter
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incurved and sometimes disappearing some dis..,
tance above the point of insertion. To judge
by the lack of petiolules and the generally complete character of the material it does not appear that the leaflets were normally shed, and
this is also indicated by the concrescence of
the terminal leaflets. The leaves are coriaceous and appear to have been stiff and strict in
habit. The rachis is stout and expanded proximad. The midril,:>s are excessive.ly stout and
prominent on the lower surface. The secondaries are relatively thin, straight, and subparallel. They vary from camptodrome to craspedodrome. In the entire basal part of the
leaf and sometimes in the ·apex they are camptodrome. In many specimens one secondary
ruris to each marginal tooth, although in other
specimens the camptodrome habit is retained
and a short branch enters the marginal tooth.
All these features ·are indicated in the accompanying figures. The tertiary venation is
usually obsolete, as the matrix is prevailingly
coarse. Occasionally percurrent nervilles are
seen. In specimens with broadly winged stripe
the venation of the leaf is continued in these
w1ngs.
This handsome species is· represented by a
large amount of material, which is fortunate,
as it would be almost impossible to correlate
fragmentary rna terial. It is clearly a representative of the genus Sapindopsis and would
well merit the specific name of van:abilis had
that not already been used for the type of the
genus, which came from the Patapsco formation of Maryland and Virginia.
In the Patapsco formation the genus Sapindopsis may be totally absent from a locality
or present in the greatest abundance, and this
is equally true of the Cheyenne sandstone of
Kansas, indicating possibly a gregarious habit.
Various species of existing Sapindaceae
show similarities to the present species in f ::::t·m,
venation, and variation. All the previously
described species of Sapindopsis had entire
margins, and no trace of toothed margins has
been found in the material from the Atlantic
Coastal Plain. The ex:isting genus Matayba
Aublet, with which I originally compared
Sapindopsis, has leaves with both entire and
dentate margins, and the general features
of Sapindopsis are shared by other tropical
American genera of Sapindaceae. The genus
Matayba comprises about two score existing

..
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species and is closely related to Oupania, also
exclusively American in the existing florain fact, all the genera of the tribe Cupanieae
lomatorrhizae as segregated by Radlkofer are
confined to the warmer regions of the Western
Hemisphere.
Occurrence: Localities 2221, 2224, 2229,
2230, 7406, Medicine Lodge Creek, in draw 3
miles above Belvidere (Cheyenne sandstone
No.3 of Hill); collected by Ward and Vaughan,
October 18, 1896 (unnumbered).
Order MALVALES.

Family STERCULIACEAE.
Genus STERCULIA Linne.

Sterculia towneri (Lesquereux) Berry.
Plate LVII, figure 1; Plate LX; Plate LXI, figure 1.
Aralia towneri Lesquereux, U. S. Geol. and Geog. Survey
Terr. Bull., vol. 1, p. 394, 1875 [1876]; Ann. Rept.
for 1874, p. 349, pl. 4, fig. 1, 1876; Creta9eous and
Tertiary floras, p. 62, pl. 6, fig. 4, 1883; Flora of the
Dakota group, p. 132, pl. 23, figs. 3, 4; pl. 31, fig. 1,
1892.
Sterculia drakei Cummings, Texas Geol. Survey Third
Ann. Rept., p. 210, fig. 8, 1892.
Knowlton, in Hill, Am. Jour. Sci., 4th ser., vol. 1;
p. 213, 1895.
Stercul1'a snowii Lesquereux, Flora of the Dakota group,
p. 183, pl. 30, fig. 5; pl. 31, figs. 2, 3; pl. 32, figs. 1-4,
1892.
Hollick, U. S. Geol. Survey Mon. 50, p. 94, pl. 34,
fig. 20, 1907.
Aralia towneri Hollick, New York Acad. Sci. Trans.,
vol. 16, p. 132, pl. 14, figs. 11, 12, 1897.
Berry, New York Bot. Garden Bull., vol. 3, p. 92,
1903.

I have long thought that the Aralia towneri
and Sterculia snowii of Lesquereux represented
a single species but have never had a chance to
test this belief until I received the present
collections from the Cheyenne sandstone,
in which this· is one of the most abundant
forms .. It shows considerable variation in
size but obviously represents a single botanic
species. Unfortunately the name towneri antedates snowii by some 15 years, so that t~e latter,
which is much the better known of the two,
becomes a synonym.
From the large amount of material now
available the species may be described as
follows:
Leaves of variable and often very large size,
palmately two to seven lobed. The lobes are
prevailingly conical and acuminate, occa-
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sionally widening somewhat medianly and less
acutely pointed, separated by generally open
and rounded sinuses extending about halfway
to the base. The angles that ·the lobes form
with one another and the form of the sinuses
vary with the number of lobes, as does also the
character of the base, which ranges from truncate to decurrent. The median lobe is generally slightly wider than the others but may
be smaller. The normal form is five lobed
like the smaller of the two specimens from the
Cheyenne sandstone here figured. The texture
is so coriaceous that these leaves are well preserved in the scarcely consolidated wind-blown
sand of the Cheyenne. The margins are entire.
Length from 8 ·to 20 centimeters; maximum
width from 6 to 24 centimeters. Petiole stout,
usually broken away, 12 centimeters long in a
medium-sized leaf figured by Lesquereux.
Midrib stout, channeled, prominent on the
under side of the leaf. An equally stout lateral
primary- diverges from the midrib, usually at
its extreme base but occasionally slightly
above. In the five-lobed forms this primary
forks almost immediately into two subequal
branches, which form the midveins of the respective lobes. In specimens having more than five
lobes the additional ones are subordinate to
the basal laterals, their midveins diverge at an
acute angle from the midveins of these laterals,
and their separating sinuses are less deep. The
secondaries are thin and immersed in the leaf
substance and are largely obsolete in the Cheyenne sandstone specimens; they are numerous,
regularly spaced, subparalleled, and camptodrome in the lobes and in curved anastomosing
loops in the body of the lamina.
This is an exceedingly well marked species
a~d,· like most Sterculias, both ancient and
modern, shows the characteristic variability of
the genus. It was described originally from
material collected in the Dakota sandst~:me of
Kansas and occurs in the Big Tucumcari
Mountains of New Mexico in beds referred to
the Dakota. It is recorded from the Magothy
formation of Massachusetts and New Jersey.
In the Cheyenne sandstone of Kansas it occurs
at these localities: Black hills near Belvidere
(773); Osage Rock, Belvidere (2217); Stokes

Hill, 100 yards south of the National Corral
(2219); Thompson Creek near the flume, 2
miles northwest of Belvidere (2221); near
Medicine Lodge Creek, 2 miles west of Belvidere (2224) ; left bank of middle branch of
Champion (Wildcat) Draw, half a mile south
of Belvidere (2229); draws north of Belvidere,
in "Lanphier shales" (2230); Osage Rock, in
''Stokes sandstone" (2232); Wildcat Draw
(7405).
Sterculia mucronata Lesquereux.
Sterculia mucronata Lesquereux, U. S. Geol. Survey Mon.
17 (Flora of the Dakota group), p. 182, pl. 30, figs.
1-4, 1892.

Leaves coriaceous, prevailingly small, palmatelythreetofivelobed. Lobes entire, conical,
separated by open rounded sinuses extending a
variable distance, sometimes over halfway to
the cuneate or truncate base. Petiole long and
stout. Primaries three from the top .of the
petiole, stout and prominent. In the fivelobed forms sul;>Ordinate branches from the
lateral primaries furnish these with midveins.
Secondaries thin, camptodrone. The tips of
the lobes are prominently mucronate, and this
feature, which suggested the specific name, is
especially obvious in the Cheyenne sandstone
specimens, where the mucros are 2 millimeters
long and perhaps merit the designation cuspidate rather than mucronate.
The fact that these leaves are prevailingly
small suggests that they probably represent
small leaves of the associated Sterculia towneri,
with which they agree in their main featuresthe mucronate tips of S. mucronata being the
principal differential characteristic. The leaves
originally described were obtained from the
Dakota of Ellsworth County, Kans., and the
species is known only from that region and the
Cheyenne sandstone of southern Kansas, alth0ugh there is a similar but distinct species,
.Sterculia mi'T}tima Berry, 33 in the Magothy formation of New Jersey and Maryland. Two specimens were found in the Cheyenne sandstone
near Medicine Lodge River, 2 miles west of
Belvidere (2224).
83
Berry, E. W., Maryland Geol. Survey, Upper Cretaceous, p. 857,
pl. 80, figs. 1-3, 1916.
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Order THYMELEALES.
Family LA URACEAE.
Genus SASSAFRAS Linne.

Sassafras mudgii Lesquereux.
Plate LXI, figure 3.

Sassafras 1n:udgii Lesquereux, Am. Jour. Sci., 2d ser., vol.
46, p. 99, 1868; U.S. Geol. Survey Terr. Rept., vol.
6 (Cretaceous flora), p. 78, pl. 14, figs. 3, 4; pl. 30,
fig. 7, 1874.
Ward, u.s. Geol. Survey Nineteenth Ann. Rept., pt.
2, p. 705, pl. 170, figs. 4, 5; pl. 171, fig. 1, 1899.
Berry, Bot. Gaz., vol. 34, P· 437, 1902.
?Kurtz, Mus. La Plata Rev., vol. 10, p. 53, 1902.

According to Newberry, this is merely a
variety of his Sassafras cretaceum, but I fail
to see any ground for this association except
'that it resembles somewhat the narrower-lobed
leaves ascribed to that species. It is somewhat
intermediate between these forms ~nd the
more typical Sassafras acutilobum but Is much
more like the modern leaf than either. Lesquereu..-x's figures 3 and 4 of Plate XIV of the
"Cretaceous flora" I consider to represent
typical forms of this species. In the lengthening of the terminal lobe it approaches ~he
modern Sassafras; and it shows no venatwn
characters which are unlike the modern leaf,
for although no marginal veins are discernible,
they might have been present in the specimen
illustrated in Lesquereu..-x:'s figure 3, as they are
in the identical form from the Cheyenne sandstone fiO'ured on the accompanying plate, and
both s;ecimens approach Sassafras ~n t~e
relations of their secondary members In this
region. If it is certain that the fruit has been
found in the same strata, as Lesquereux 34
asserts, it only serves to substantiate the
impression otherwise obtained that the! are
true Sassafras leaves. The lateral marg1ns of
both the base and the lobes are straighter and
more ascending than in the existing Sassafras,
and the margin shows a tendency to become
wavy. Lesquereux's other figured specimen
referred to this species differs in the size and
direction of the lateral lobes, in the subbasal
primaries, and in the acute tip; the venation
also is somewhat dissimilar, the ascending
margins bulge outward, and the base is not
decurrent on the petiole, as it is most markedly
in the specimens shown in his figures 3 and 4.
It resembles somewhat the forms which Newa• Lesquereux, Loo, Flora of tho Dakota group, p. 230, 1891 (1892].
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berry refers to Sassafras acutilobum. Ward's
fragmentary leaves from the Black Hills a~e
of doubtful identity. The more perfect speCImen that he originally referred to Lindera
venust'a Lesquereu~, which it resembles in
outline, is a smaller leaf than S. mudgii, with
subbasal prjmaries, considerable breadth of
blade, and reduced terminal lobe.
Sassafras mudgii was based on material collected f~om the hills along Saline River in cenh
.
"t h
tral ICansas. Up to t e present time I as
never been found elsewhere, except for the
above-mentioned doubtful record by Ward
from the supposed Dakota sandstone at Evans
quarry, in South Dakota, and a still more
doubtful South AmericarJ record by Kurtz
that may well be entirely ignored. It may be
that the type was from the Mentor formation
, of· central Kansas rather than from the true
Dakota sandstone, as the species has never been
found in collections from the Upper Cretaceous
of the Atlantic Coastal Plain, but no outcrops
of. the Mentor formation are known as far north
as Saline River.
The Cheyenne sandstone occurrences are
Stokes Hill (2220) and near Medicine Lodge
Creek, 2 miles west of Belvidere (2224).
Order UMBELLALES.
Family ARALIACEAE.
Genus ARALIA Linne.

Aralia ravniana Heer.
Plate LVIII; Plate LIX, figure 4.

Aralia ravniana Heer, Flora fossilis arctica, vol. 6, Abt. 2,
p. 84, pl. 38, figs. 1,2, 1882.
Berry, New York Bot. Garden Bull., vol. 3, p. 92! pl.
46, fig. 7; pl. 53, fig. 2; pl. 57, fig. 1, 1903; Torrey
Bot. Club Bull., vol, 31, p. 79, 1904; vol. 37, p. 27,
1910; Maryland Geol. Survey, Upper Cretaceous, p.
876,pl.82,fig.4; pl.83,:figs. 1-4,1916.
Aralia gr;oeiLlandica Heer, idem, pl. 46, fig. 17.
?Sterculia snowii Hollick, New York Acad. Sci. Annals,
vol. 11, p. 422, pl. 37, fig. 4, 1898.

This species was described by Heer from
material collected in the Greenland Upper
Cretaceous (Atane beds) and has been found
by me in the Magothy formation of both New
Jersey and Maryland. The fragments from
Marthas Vineyard, Mass., and Tottenville,
N. Y., identified as this species by Hollick, 35
are not this species, in rp.y judgment. There is a
as Hollick, Arthur, U.S. Geol. Survey Mon. 50, p. 99, pl. 37, figs. 1, 2,
1907.
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great display of Aralia-like forms in the middle
Cretaceous both of this country and of Europe,
and these forms are especially abundant in
the Dakota sandstone of the West. Comparisons with existing plants are not so satisfactory,
although many tropical Araliaceae show suggestive resemblance. The Moraceae in the
genus Artocarpus and its allies also show many
similar features.'
This most striking species of Aralia, because
of its large ~ize, htts always been found in a
fragmentary ~ondition. Specimens showing all
parts of the leaf have now been collected both
from Maryland and from Kansas, and these
conclusively confirm the restoration of this leaf
made by me in 1903. They also confirm the
supposition based o.n the venation of the New
Jersey material, that instead of a broadly ovate
median lobe, as Heer supposed, this middle
lobe was sublobate by the greater or less development of a lateral lobe on each side, as
shown in the accompanying illustrations. The
species may be more fully defined in the light
of all the material as follows: Leaves large,
ranging from 16 to 21 centimeters in length and
from 19 to 23 centimeters in maximum width,
orbicular in general outline, deeply pinnatelobate. Apex of the terminal and lateral lobes
bluntly pointed. Base broadly cuneate. Margins entire. Texture subcoriaceous. Lobes
usually seven, separated by relatively narrow
ultimately rounded sinuses, comprising an
ovate medium terminal lobe and two main
lateral lobes on each side, the lower pair being
more or less divided. In the Maryland mate-.
rial the auxiliary lobe on the lower side of each
main lateral lobe is feebly developed. In the
Greenland material it is at least half as large as
the main lobe, and the separating sinus extends
halfway to the base. Petiole stout, its full
length unknown. Midrib very stout and prominent, straight. Lateral primaries two on each
side, stout and prominent, the ~ower pair subopposite and suprabasilar, the upper pair in
some specimens subopposite, more commonly
separated by a wide interval. The lower
primary may fork a short distance above its
base, as it does in the Greenland material at an
interval of only about 1 centimeter, or this
fork may be at least 4 centimeters above the
base, as in the Maryland material, the distance
depending on the extent. to which the auxiliary
.lobe is deve~oped. The angle of divergence of

the primaries from the midrib is about 40° but
varies from specimen to specimen; the baaal
pair is in general somewhat more divergent than
the upper pair. The secondary and tertiary
venation is 'usually obsolete. Some specimens
show a few thin remote secondaries diverging
from the primaries at angles of about 45 ° and
sweeping upward in ascending camptodrome
curves.
The Cheyenne sandstone material is not
abundant. It comt:;s from the left bank of the
middle branch of Champion (Wildcat) Draw,
half a mile south of Belvidere (2229) and the
right bank of the same branch (2231).
Aralia newberryi Berry.
Aralia newberryi Berry, Torrey Bot. Club Bull., vol. 34, p.
201, pl. 15, fig. 1, 1907; New Jersey Geol. Survey
Bull. 3, p. 197, 1911.
Aralia palmata Newberry, Flora of the Amboy clays, p.
117, pl. 39, figs. 6, 7; pl. 40, fig. 3, 1896 (not Lamarck).
Berry, New York Bot. Garden Bull., vol. 3, p. 93, pl.
44, 1903; Torrey Bot. Club Bull., vol. 31, p. 79, pl.
4, fig. 12, 1904.
Aralia rotundiloba Hollick, New York Acad. Sci. Annals,
vol. 11J p. 421, pl. 38, fig. 2, 1898.
Aralia polymorpha Newberry, Flora of the Amboy clays,
p. 118, pl. 39, figs. 1-5, 1896.
Aralia sp. Hollick, New York State Mus. Ann. Rept., vol.
55, p. 155, 1903.

Leaves very variable in size and outline,
palmately three to five lobed. Lobes conical,
obtusely rounded. Sinuses open, shallow,
rounded. Margins entire, somewhat undulate
basally. Petiole long and stout. Midrib stout,
more or less curved or flexuous. Pr~maries
three to five, from the base, prominent, running to the tips of the lobes. Secondaries very
slender, camptodrome. The middle lobe is
usually longest and broadest, and the 'basal
lateral lobes may be reduced to subordinate
and but slightly marked parts of the main lateral lobes. ·
The. relative development of the apical or
basal lobes and the depth of the intervening
sinuses greatly alter the appearance of these
leaves. Some are symmetrical and others decidedly unsymmetrical; some are preeminently
three lobed and sublobate and others are five
lobed with additional incipient lobes. The
variations are almost exactly comparable with
the similar variations in the leaves of the modern Sassafras, Sterculia, and Araliaceae.
There seems to be no basis for maintaining
the distinctions between the forms united in
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the foregoing synonymy. The Cheyenne sandstone material is more like the irregular A.
polymorpha than the more symmetrical A.
palmata of Newberry's original material.
The species is common in the Raritan formation of New Jersey and survives in the overlying Magothy formation. In the Cheyenne
sandstone it is represented by three specimens
obtained near Medicine Lodge Creek, 2 miles
west of Belvidere (2224).
Genus ARALIOPSOIDES Berry.

Araliopsoides cretacea (Newberry) Berry.
Plate LXI, figure 2.

Araliopsoides cretacea (Newberry) Berry, Maryland Geol.
Survey, Upper Cretaceous, p. 879, pl. 74, fig. 3; pl.
84, figs. 1, 2; pl. 85, figs. 1-5; pl. 88, figs. 1-3, 1916;
Torrey Bot. Club Bull., vol. 38, p. 413, 1911.
Sassafras (Araliopsis) cretaceum Ne,v,berry, New York Lye.
Nat. Hist. Annals, vol. 9, p. 14, 1868.
[Lesquereux], U. S. Geol. and Geog. Survey Terr.,
Illustrations of Cretaceous and Tertiary plants, pl.
6, figs. 1-4; U. S. Geol. Survey Terr. Rept., vol. 6
(Cretaceous flora), p. 80, pl. 11, figs. 1, 2; pl. 12, ·fig.'
2, 1874; U. S. Geol. Survey Mon. 17, p. 102, 1892.
Newberry, U. S. Geol. Survey Mon. 35, p. 98', pl. 6,
figs. 1-4; pl. 7, figs. 1-3; pl. 8, figs. 1, 2, 1898.
?Hollick, U. S. Gepl. Survey Mon. 50, p. 77, pl. 30,
fig. 10. 1906.
•
Penhallow, Roy. Soc. Canada Trans., 3d ser., vol. 1,
sec. 4, p. 310, 1907.
Berry, Torrey Bot. Club Bull., vol. 37, p. 22, 1910.
Leaves petiolate, decurrent at base, very smooth above,
strongly nerved below, three lobed; lobes entire and acute.
The nervation is all strongly defined; the central nerve
straight or nearly so; the lateral primary nerve springing
from it at an angle of 30°; secondary nerves regularly
arched till they approach the margin of the lob~s, when
they are abruptly curved and run together. From these
the tertiary nerves are given off at a right angle, and from
these the quaternary nerves spring at a similar angle,
together forming a network of which the areoles are subquadrate.-Newberry, 1868.

Newberry includes under Sassafras cretaceum
the various forms described by Lesquereux as
S. mudgii, S. subintegrifolium, S. integrifolium,
S. obtusum, S. cretaceum dentatum, S. cretaceum
obtusum, S. acutilobum, Cis sites harkianus, and
0. salisburiaefolius. Although' this list shows
the undoubted composite nature of S. cretaceum,
it also shows that the extremes of leaf form
amove mentioned are so closely connected with
the more typical leaf by a series of in termediate forms that the problem of where one
species shall end and another begin is an extremely difficult one to solve.
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I consider the leaf figured by Newberry on
Plate VI, figure 1, of "Later extinct floras,.
(Mon. 35) to be the typical form of this species,
thus agreeing with Newberry's original d-escription and with his later opinion expressed
in 1898. This type bears considerable resemblance to some modern Sassafras leaves. A
slight widening of the terminal lobe of some of
these in the basal region would give a leaf
strikingly like Araliopsoides · cretacea; or were
the sinuses of the latter slightly deeper we
would have the typical modern leaf. In its
basal portion the leaf is like Sassafras, and the
indications point to a similar venation in this
region. The first pair of secondaries do not
branch to form margins of the sinuses; the left
one runs directly to the sinus, however, and
may possibly have conformed to the margin
and been e:ffaced in the specimen; the right one
is stronger and runs almost to the sinus, where
it makes a sharp turn upward, continuing until
it joins the next secondary. This feature is
analogous to those in the modern leaf, which
may indicate the mode of origin of this peculiar
character. This leaf seems to form a central
figure from which a series of forms grade in
several directions, culminating in quite dissiinilar leaves. Lesquereux's Sassafras creta- ·
ceum is a 1nore planatoid leaf, with more acute
tips, a tengency· to become dentate, and the.
primaries inserted nearer the base. Closely
allied to S. cretaceum is his Sassafras (Aral?:opsis) mirabile, which serves as a connecting link
with his Platan1ts recurvata. Frmn the Sassafras cretaceum of Lesquereux it is but a step to
such a leaf as the one shown on Plate VIII, figure 2, of "Later extinct floras" and to the trilobed forms referred to C1:ssites harker·ian-us,
and these in t.urn grade in to the more cissoid
forms of this species, such as· those shown on
Plate II, figure 3, of Lesquereux's "Cretaceous
flora." The primaries are basal and of not
much greater caliber than the regularly succeeding straight secondaries. It is but a step
from this leaf to Cissites heerii, on the one·
hand, with its pahnately five-pointed blade,
and to such forms as Cissites acuminatus (Pl.
V, fig. 4, "Cretaceous and Tertiary floras"), on
the other; which in turn, by the elimination of
the deereasing dentate points, gives us the
leaf shown on Plate V, figure 3, "Cretaceous
and Tertiary floras." In the second series of
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leaves diverging from the. typical Sassafras ere.taceum, the form shown in Plate VIII, figure 1,
of "Later extinct floras" is removed a slight
distance by the shortening of the blade, the
thickening of the primaries and secondaries, and
the shortening and rounding of the lobes (Sassafras obt1.1.sum); while a smaller leaf would be its
logical descendant; and from these leaves to those
referred ito the typical Cissites salisburiaefolius
is but a step. In the third series of leaves diverging from the typical Sassafras cretace'um the
leaf has its lobes much produced, narrow, and
running to a sharp point, as in the beautiful
leaf shown on Plate VII, figure 1, of "Later
extinct floras," which, however, is still referred
to Sassafras cretaceum. Lesquereux's Sassafras acutilobum does not differ greatly from the
.leaf just mentioned except in the direction of
the lobes, which is a questionable specific character. From this leaf it is no great jump to
those trilobed forms which are referred to Aralia wellingtoniana, the chief differe~ce being in
the margin. Thus we have an Interrelated
series connecting those leaves which seem to
show affinity to Sassafras with those which
suggest Platanus, on one hand, and with others
which suggest Cissites and Aralia, on the other.
While it may be considered probable that
biologically the forms mentioned in the·foregoing paragraphs, as well as others not cited,
represent the variations of a single species of
Upper Cretaceous tree or at least represent
the leaves of closely affiliated species, it seems
best with reference to systematic and especially
stratigraphic paleobotany that most of the
differentiations instituted by Lesquereux ~e
perpetuated. Consequently the .present senes
is limited to the typical matenal as defined
and illustrated by the original describer.
Falling within these limits are a number of
occurrences in the true Dakota sa~dstone and
the Raritan and Magothy formatiOns of the
Atlantic Coastal Plain. The Cheyenne sandstone has furnished four specimens obtained
near Medicine Lodge River, 2 miles west of
Belvidere (2224), and one specimen from the
left bank· of the middle branch of Champion
(Wildcat) Draw, half a mile south of Belvidere
(2229).

POSITION UNCERTAIN .
Genus FEISTMANTELIA Ward.

Feistmantelia oblonga Ward.
Plate XLVII, figures 4, 5.
Feistmantelia oblonga Ward, U.S. Geol. Survey Nineteenth
Ann. Rept., pt. 2, p. 693, pl. 169, fig. 19, 1899.

In not proposing a specific nanie for the form
of this genus found in the Cheyenne sandstone
I emphasize the fact that the term Feistmantelia
denotes merely a form of preservation and that
the objects to which it is applied lack either
stratigraphic or botanic value.
This genus and in fact the nominal species
Feistmantelia oblonga were founded by Ward in
1899 for the reception of certain casts of obscure
affinities, but evidently of a vegetable nature,
from the Fuson formation of eastern Wyoming.
No diagnosis was attempted, but an extended
discussion was given of somewhat similar forms
figured by previous authors from various
. geologic horizons. The American Cretaceous
forms referred to this genus may be characterized as showing a rather "close-set series of
elliptical; fusiform, or cigar-shaped convex casts
of concave cavities formed by the rhytidosis
of various plant tissues~ They vary consider~
ably in size, from 0.6 to 2.5 centimeters in
length by 0.35 to 1.0 centimeter in width, and
are arranged in an irregular spiral, the irregularity being perhaps due to compression.
They are thus overlapping or alternate in a
hori.zontal direction and more or less linear in
a vertical direction.
Somewhat similar remains occur at widely
separated geologic horizons, arid comparable
objects. with the markings inclined to be
rhomboidal in form are riot rare in t};le New
Jersey Triassic deposits, where they are, according to N ewberry, 36 the decorticated trunks
of some conifer, possibly Palissya. Similar
remains are figured by Schauroth 37 as trunks
of Voltzia coburgensis and by Blanckenhorn 38 as
trunks of Voltzia heterophylla.
86

Newberry, J. S., U.S. Geol. Survey Mon. 14, p, 94, pl. 26, figs. 1, 2,

1888.
87 Schauroth, Deutsch. geol. Gesell. Zeitschr., Band 4, p. 539, 1852. See
Schenk, August, Palaeontographica, Band 11, p. 308, pl. 46, fig. 2, 1864.
as Blanckenhorn, Max, Palaeontographica, Band 32, p. 135, pl. 2!l,
figs. 18-20, 1886.
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Among the somewhat similar forms which
Ward mentions are remains from Kukurbit, in
Kach (Lias), described by Feistmantel 39 as
''portions of a stem of a coniferous plant.''
Next in point of similarity are certain English
and German Wealden remains regarded as
parts of Olathraria anomala, 40 some of which
nre still referred by Seward 41 to Bucklandia
anomala, a later name for the same plant.
The latter are undoubtedly medullary casts of
cycadophyte trunks, a class of remains for
which Saporta 42 proposed the name Oycadeomyelon, describing one species from the
infra-Lias of Hettange, near Metz (Moselle) .43
Remotely similar remains from the Triassic of
York County, Pa., are described by Fontaine 44
as Oycadeomyelon yorkense, and the forms
described by Newberry 45 are referred to it,
although Seward 46 had shown that remains
from abroad identical with these are to be
interpreted as medullary casts of Voltzia.
Similar remains were more recently discussed
by Wills/7 who refigures one of the original
specimens of Voltzia coburgensis. 48 They are
also practically identical in character, as
Potonie 49 has shown, with casts of the medul. lary cavities of certain existing Araucarias,
notably Araucaria brasiliana. Other remains
of this general sort, which, however, seem
referable to the Cycadophyta, are Omphalomela
scabra Germar/0 renamed by Schimper 51 Olathraria? germari, and Oycadeoidea stillwelli W ard.52
As Seward has pointed out, Williamson 53 figured very similar casts of the medullary cavity
of Stigmaria, thus emphasizing the wide range
in botanic affinity of objects of this kind.
aD Feistmantel Ottokar, Fossil flora of the Gondwana system, vol. 2,
pt. 1, p. 61, pl. ,10, fig. 2, 1876.
•o Stokes and Webb, Gaol. Soc. London 'l'rans., 2d ser., vol. 1, pl. 46,
fig. 8; pl. 47, figs. 4b, 4c, 1824. S.ee Schenk's figure of Clathraria lyelli
Mantell, Palaeontographica, Band 19, p. 227, pl. 30, fig. 7, 1871.
u Seward, A. C., Wealden flora, pt. 2, p. 123, 1895.
.s Sa porta, Gaston de, Plantes jurassiques, tome 2, p. 331, 1875.
•a Idem, p. 333, atlas, pl. 49, fig. 5.
H Fontaine, W. M., in Ward, L. F., U. S. Geol. Survey Twentieth
Ann. Rcpt., pt. 2, p. 248, pl. 30, 1900.
•5 Newberry, J. S., op. cit.
•6 Seward, A. C., Geol. Mag., dec. 3, vol. 7, pp. 218-220, fig. 1, 1890.
~7 Wills, L. J., Geol. Assoc. Proc., vol. 21, pp. 292-294, 1910.
•s Idem, pl. 17, fig. 6.
"
•9 Potonie, H., K. preuss. geol. Landesanst. Jahrb., 1887, pp. 311-331,
pis. 12-13a.
60 Germar, E. F., Palaeontographica, Band 1, p. 3, 1846.
~ 1 Schimper, W. P., Paleontologic vege:::-,Ie, tome 3, p. 554, 1874.
~2 Ward, L. F., U. S. Geol. Survey Twen~:eth Ann. Rept., pt. 2, p. 636,
pl. 149, 1900.
~a Williamson, W. C., A monograph on the morphology and histology
of Stigmaria jicoides, pl. 13, figs. 64, 65, Palaeont. Soc., 1887.
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Turning now to the Cretaceous remains to
which the genus, if used at aU, should be restricted (alth9ugh Ward has the temerity to
rena1ne Feistmantel's Indian Liassic fossil
Fe,istmanteliafusiformis), we may note that in
addition to the type species from the Fuson
formation, Fontaine 54 has described an additional species from the Patuxent formation at
Cockpit Point, Va., which is really indistinguishable fron1 the type species, and Ward 55
has n1entioned the occ~rrence of similar objects
from Kansas at a higher Cretaceous horizon.
Still nwre recently Hollick and Jeffrey 56 have
described comparable ren1ains with structure
preserved from the upper Raritan of Kreischerville, Staten Island, and have demonstrated
their coniferous nature, naming their ntaterial
Pinus sp. ~ Some of this material is said to
have been found in organic connection with
wood showing the characters of P·itoxylon. It
is not altogether clear that the Lower Cretaceous species of Feistmantelia are of the same
nature as that described by Hollick and
Jeffrey, although these authors have furnished
the presumption that they are all casts of the
interstitial cavities of the periderm network of
the bark, due to decay, in some conifer. · That
they should be referred to Pinus, even for individual specimens, seems unwise, and the genus
Feistmantelia is here retained as a convenient
form genus for rernains of this sort, which may
represent various modern eoniferous genera.
Indistinguishable remains occur in the Tuscaloosa forn1ation of Alabama, although I did
not consider them of sufficient importance to
include them in my paper on the Tuscaloosa
fioraY They are also present at as recent a
horizon as the upper part· of the Black Creek
formation in North Carolina. These also I did
not consider of sufficient interest to include in
my account of that flora, but I am including
here a figure of a North Carolina specimen for
comparison with one from the Cheyenne sandstone, to show that the latter is without stratigraphic value.
ol Fontaine W. M., in Ward, L. F., U,. S. Geol. Survey Mon. 48, p. 484,
pl. 107, fig. 3, 1906.
65 Ward, L. F., U.S. Geol. Survey Nineteenth Ann. Rept., pt. 2, p. 694,
1899. .
56 Hollick, Arthur, and Jeffrey, E. C., New York Bot. Garden Mem.,
vol. 3, p. 17, pl. 3, fig. 8; pl. 22, fig. 5, 1909.
~~Berry, E. W., U.S. Geol. Survey Prof. Paper 112, 1919.
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The Cheyenne material contained in the
present collection cmnes from Champion (Wildcat) Draw, three:..fourths mile south of Bel videre (2222), and hills between Spring Creek and
Soldier, 4 miles northeast of Belvidere, where
it is extremely abundant.
Genus CARPOLITHUS of authors.
Carpolithus belviderensis Berry, n. sp.
Plate XLI, figure 4.

This species is based on a single characteristic specimen, which is entirelr distinct from
anything previously described. It. represents
a large pyriform pedunculate pyxidium 1..8
centimeters in length and 13.5 millimeters in
maximum diameter. The peduncle is curved

and stout, about 1 centimeter in length. The
. pyxidium is pointed proximad, widest and
flatly rounded distad. The sides are distinctly
fluted with twelve or thirteen rounded nodes
separated by shallow rounded sinuses. The
ribbing may indicate parietal placenta or a
loculicidal habit, although the latter alternative
appears to be negatived by the lid.
It is possible that this conspicuous and characteristic fruit may not have been a true
pyxidium and shed its seeds by loosening of the
lid, as in Eucalyptus, but that it was a capsule
like that of Papaver and the small parietal
seeds were discharged through openings beneath the so-called lid, which may represent a
concrescent stigma. The specimen comes from
Stokes Hill, northeast of Belvidere (2220).

r~.

PLATES XLVII-LXI.
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FOSSIL PLANTS FROM THE CHEYENNE SANDSTONE.
1, Glcichcnia nordcnskioldi Hccr; 2, Gleichenia {?) bohcmica (Corda) Berry; 3, AbieLilcs longifol ins (FonLaine) Berry;
4, 5, l"'C"istmantclia oblonga \V ard. Atl the specim ens are from the Cheyenne sandstone ncar Belvidere, Kans., except
that shown in figure 4, wiJich is from the Black Creek formation of North Carolina.
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CONES AND FOLIAGE OF SEQUOIA CO DITA LESQUEREUX.
From C heyenne sandstone at several localities near Del vidcre, Kans.
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RESTORATION OF SAP! DOPSIS BELVIDERENSIS BERRY.
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SAPINDOPSIS BELVIDERENSIS BERRY.
1, Specimen obtained near Bel videre, Kans . ; 2, res Lora lion of specimen shown in figure 1.
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SAPINDOPSIS BELVIDERENSIS BERRY.
l, Specimen obtajoed near Bel videre, Kans.; 2, restoration of specimen s hown in figure 1.
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FOSSIL PLANTS FROM THE CHEYENNE SANDSTONE.
1, Sapiodopsis brevifolia Fontaine; 2-4·, Sapindopsis variabilis Fonlaine; 5, Sapiodopsis magn ifo! ia Fontaine.
Belvidere, Kans.

All collected near
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SAPINDOPSIS MAGNIFOLIA FONTAINE.
From Cheyenne sandst.oue ncar Belvidere, Kans.
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FOSSIL PLANTS FROM THE CHEYENNE SANDSTONE.
1, Sterculia towncri (Lesquercux) Berry; 2, Sapindopsis magnifolia Fontaine.

Collected ncar Belvidere, Kans.
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ARALIA RA VNIANA HEER.
From Cheyenne sandstone near Belvidere, Kans.

About four-fiflhs natural size.
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FOSSIL PLA ' TS FROM THE CHEYENNE SANDSTONE.
l. 2, Sapiadopsis brt:'vlfolia Fontaine; 3, Sapindopsis magn ifolia Fontaine; 4, Aralia ravniana H eer.

All collec Lcd near Belvid ere, Kans.
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STERCULIA TOWNER! ( LESQUEREUX ) DERRY.
From Cheyenne sandstone near Delviderc. Kans.

About four-fifths natural size.
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FOSSIL PLANTS FROM THE CHEYENNE SANDSTONE.
1, Stercuib. towneri (Lesquereux) Berry; 2, A.raliopsoides cretncea (Newberry ) Berry; 3, Sassafras mudgii Lesquereux;
4, Carpolithus bel viderensis Berry. All collected nea r Belv idere, Kans.

INDEX.
Page. ·
A.
Page.
Bend series, units K and L of well borings from .................. 13-15 ·
Abietites ernestinae Lesquereux, description of.................... 212
volcanic origin of materia~ from..............................
12
long,ifolius (Fontaine) Berry, description of. ................ 211-212
white shale in well borings from..............................
12
plate showing............................................ 225
Benzoin venustum (Lesquereux) Knowlton, description of. ..... 171-172
Accuracy in computations, excessive..............................
41
· venustum, plate showing...................................... 181
Acknowledgment for aid.........................................
22
Berry, Edward Wilber, fossils determined by .................. 153-154
Akinetic surface, proposed use of term ..................•... ~.... .
8
The flora of the Cheyenne sandstone of Kansas ............. 199-225
Alinement charts, nature of......................................
42
The flora of the Woodbine sand at Arthurs Bluff, Tex ...... 153-181
preparation and use of. ...........................•. 44-46, 48, 49-50
Big Horn Mountains, Ariz., hills of chloritic schist at north end
Allen, E. G., acknowledgment to.................................
22
of, plate showing..................................... 184
Andromeda novaecaesareae Hollick, description of ...... ; ........ 177-178 .Btloculina ornata D'Orbigny, description of....................... 143
novaecaesareae, plate showing ........ :......................... 181
ornata, plate showing......................................... 150
snowii Lesquereux, description of............................ 178
sp.?, description of........................................... 105
A nomalina bilateralis Cushman, n. sp., description of ........ 97-98,137
sp.?, plateshowing.........................................
122
bilateralis, plate showing..................................... 115 Bingen sand, relation of flora of, to that of the Woodbine sand .. 156-157
grosserugosa (GUmbel) H. B. Brady? var., description of......
98
Black Butte, Ariz., plate showing................................ 185
plate showing. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 115 Black Rock Canyon, Ariz., section in.............................
70
mississippiensis Cushman, n. sp., descriptions of......•...... 98,137 Black Rock Spring, Ariz., section near...........................
75
plate showing............................................ 115 Bloomington, Utah, sections on Virgin River near ............. 75-76,77
vicksburgensis Cushman, n. sp., description of................. 137 Bloomington dome, Utah, section at.............................
7'
plate showing............................................ 152 Bolivina amygdalaeformi& H. B. Brady, description of.............
91
Antelope Hill, Ariz., sandstone composing. . . . . . . . . . . . . . . . . . . . . . . 188
amygdalaeformis, plate showing............................... lOG
Antelope Wash, Ariz., section 011.. .... • ... ...... .... •• •• •••••••••
70
cookei Cushman, n. sp., description of......................... 126
Aralia newberryi Berry, description of .......................... 220-221
plateshowing................... .......... ............... 146
ravniana Heer, description of.. ............................. 219-220
frondea Cushman n. sp., description of...................... 1~127
plate showing............................................ 225
plate showing............................................ 1-t6
saportana Lcsquereux?, description of........................ 177
mis&ksippiensi& Cushman n. sp., description of...............
92
wellingtoniana Lesquereux, description of.~ ................ 176-177
plate sho\\"i.ng............................................ 109
plates showing........................................... 181
nitida H. B. Brady, description of............................
91
Araliopsoides cretacea (Newberry) Berry, description of ......... 221-222
plate showing............................................ 109
cretacea, plate showing. . . . . . . .. .. . .. . .. .. .. . . . .. . . . . . . . . . . . . . 225
robusta H. B. Brady, description oL.... ...... .. .. ... ... . . . 91-92
Arizona, northwestern. See Mohave County, Ariz.
vicksburgensis Cushman, n. sp., description of................. 120
Arthurs Bluff, Tex., fossil plants collected at..................... 153
plate showing ............................................ · 146
Articulina byramensis Cushman, n. sp., descriptions of.. ........ 103,143
of. B. punctata D'Orbigny, description of. ........... :........ 126
byramensis, plate showing. • . • • • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 121 Brachyphyllum macrocarpumformosum Berry, description of ... 16Q-161
Arundo groenlandica Heer?, description of.......................... 213
macrocarpumformosum, plate showing....................... 181
Asplenium dicksonianum Heer, description of. .................. 207-208 Bulimina ovata D'Orbigny?, description of.......................
92
Asterigerina subacuta Cushman, n. sp., description of............. 100
ovata, plate showing........................................... 110
subacuta, plate showing. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 118
pupoides D'Orbigny, description of........................... 127
plate showing............................................ 146
B.
Buliminella contraria (Reuss) Cushman, description of............ 128
subteres H. B. Brady var. angusta Cushman, n. var., descripBancroft, Howland, cited........................................ 185
tion of ....•........................................ 127-128
Basalt resting on a conglomerate of basalt and other boulders near
plate ~bowing .•.......................... ~............... 146
Toquerville, Utah, plate showing....................
67
Bullrush, Ariz., section near......................................
70
Bassler, Harvey, Reeside, John B., jr., and, Stratigraphic sections
in southwestern Utah and northwestern Arizona ..... 53-77 Byram, Miss., fossils found near .................................. 83-85
88
Beaver Dam Mountains, Utah, section in ........................ 76-77 Byram calcareous marl, deposition of........ . . . . . . . . . . . . . . . . . . . . .
exposures of, at Byram, Miss.................................
81
Bedding planes, classification of, difficulties in ................ :. .
5
at Woodwards, Miss......................................
82
"Bcllerophon limestone," fossils collected in. . . . . . . . . . . . . . . . . . . . .
66
near Vicksburg, Miss................. . . . . . . . . . . . . . . . . . . . . 80-81
Bend series, correlation of well sections with subdivisions of ..... 15-16
on
Leaf
River,
Miss......................................
82
difference between shales in. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-9
fauna of, descriptions of ..................................... 89-105
distinction between black shale and black limestone in.......
9
occurrence of. . . • • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81, 82-85
investigation of, difficulty with staining matter..............
2
relationships of. .......................................... 87-88
flint treated separately in................................
2
features of.................................................... 79-80
lithologic correlation in, introduction to discussion of......... 6-7
foraminifera found in, at the type station ................... 124-125
nature of oil-producing beds in. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
20
object and methods of the investigation of.................... 1-5
c.
position of oil sands in ....................................... 18-20
"Smithwick lime~' in well borings from......................
16 Caliche, occurrence of, in the lower Gila region, Ariz .. :........... 190
summary and conclusions on. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20-22 Carpolithus belviderensi8 Berry, n. sp., description of.............. 224
time required for lithologic work on..........................
20
belviderensis, plate showing................................... 225
unit A of well borings from... .. . .. . . .. .. . . . . . . .. . .. . . .. . . . . . .
7
sp. 1, description of........................................... 179
unit B of well borings from.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-9
sp. 2, description of........................................... 180
units C and C' of well borings from........................... 9-10
plate showing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 181
unit D of well borings from ................................... 1D-11·
sp. 3, description of........................................... 180
units E, F, and G of well borings from ....................... 11-12
plate showing ....................................... ~ . . . . 181
units Hand I of well borings from ........................... 12-13 Cartesian coordinates, disadvantages of.............. . . . . . . . . . . . . .
41
unit J of well borings from. . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . .
13 Casey, T. L., cited...............................................
79

227

228

INDEX,
Page.

Cassidulina crassa D'Orbigny, description of......................
Charts for stratigraphic computations, preparation and use of.

128
4445, 45-46, 48, 49-50
Cheyenne sandstone of Kansas, flora of, age of .................. 204-206
flora of, climate and conditions of growth and embedment.... 203
descriptions of. ........................................ 207-224
early work on............................................ 200
features of. ............................................ 202-203
stratigraphic distribution of....... . . . . . . . . . . . . . . . . . . . . . . . 206
fossil plants from, plates showing............................ 225
invertebrates in ......................... ,.................... 199
lO<.'alities in, from which fossils were collected. . . . . . . . . . . . . . . . 202
mechanical analysis of ......•.............................. 203-204
microscopic examination of.~................................ 204
nature of..................................................... 199
Chinle formation in Utah, features of............................. 62-63
near Spr~gfield, Utah, plate showing........................
62

Cinder cones north of St. George, Utah, plates showing...........
66
Cinnamomum membranaceum (Lesqnereux) Hollick, description
of.................................................... 174
newberryi Berry, description of. ............................ 173-174
plateshowing ...................................... ,..... 181
Cissitesformosus Heer, description of............................ 17(}-171
formosus, plate showing ................................... :. 181
Cladophlebis dakotensis ( Lesquereux ) Berry, description ·or.. . . . . . 207
Clanton Hills, Ariz., limestone composing ................. , . . . . . . 188
Clavulina byramensis Cushman, n. sp., description of.............
92
byramensis, plate showing.................................... 110
Coalpits Wash, near Grafton, Utah, panorama along east side of,
plate showing........................................
59
Coconino sandstone in Utah and Arizona, features of ............ 57-58
south of Hurricane, Utah, plate showing.....................
58
Colutea primordialis Heer, description of.......................... 168
Computations, graphic, facilities needed for ...................... 39-40
graphic, publications on.....................................
39
numerical, disadvantages of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
41
Computer, trigonometric, advantages of..........................
50
trigonometric, construction of. ............................ : .. 5Q-51
use of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
52
Cooke, C. Wythe, cited........................................... 123
Orthaulax, a Tertiary guide fossil ............................. 23-37
The Byram calcareous marl of Mississippi ................... 79-86
Cornaphyllum vetustum Newberry, description of................. 177
Cornuspira involvens (Reuss) Reuss, descriptions of. ........... 101, 140
involvens, plate showing...................................... 119
Court House Rock, Ariz., description of.......................... 1~7
Cragin, F. W., fossils determined by.............................. 155
Cretaceous(?) sandstone in Utah, features of.....................
65
Cretaceous time, sequence of events in ......................... 201-202
Cretaceous(?) variegated shale in Utah, features of. .............. 64-65
Cristellaria convergens ? Bornemann, description of............... 130
cultrata (Montfort} Parker and Jones, description of. . . . . . . . . . 130
plate showing............................................ 148
rotulata (Lamarck) D'Orbigny, description of................ 130
plate showing ................................... ,........ 149
vicksburgensis Cushman, n. sp., description of. ............. 13Q-131
plate showing............................................ 14H
sp., description of............................................
93
Cupressinoxylon cheyennense Penhallow, description of.~ ....... 212-213
Cushman, Joseph A., The foraminifera of the Mint Sprin~ calcareous marl member of the Marianna limestone ....... 123-152
The Byram calcareous marl of Mississippi and its Foraminifera............. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87-122
Cycadeoidea munita Cragin, description of ........... ~.,.......... 209
Oycade~spermum lineatum Lesquereux, description of. . . . . . . . . . . .
209

D.
Dakota sandstone; use of term ................................ 199-200
Dall, William H., cited .................................... 23,27, 29-30
fossils determined by ....................................... · 189-190
Denison, Tex., fossil plants collected at........................... 153
Depth to a stratum, graphic computation of.. ..·..................
48
Dewalquea insignijormis Berry, description of..................... 167
Diamond Valley, Utah, section on north side of. . . . . . . . . . . . . . . . . .
77
Diospyros primaeva Heer, description of ........................ 178-179
primaeva, plate showing., .... : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 181

Page.
Discorbis auracana (D'Orbigny) Cushman, description of......... 135
auracana, plate showing...................................... 149
bertheloti (D'Orbigny) Cushman, description of............... 135
plate showing............................................ 149
byramensis Cushman, n. sp., description of...................
96
plate showing...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 113
orbicularis (Terquem) Berthelin, description of..............
96
plate showing... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 113
Distance to a stratum, method for computing .................... 46-48
Dome Rock Mountains, Ariz., plug of latite in, plate showing.... 185
E.

Eagle Tail Mountains, coloration of rocks in... . . . . . . . . . . . . . . . . . . .
Ehrenbcrgina glabrata Cushman, n. sp._, description of .. :..........
glabrata, plate showing. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

186
93

111

F.
Feistmantelia oblonga Ward, description of.. .................... 222-224
oblonga, plate showing........................................ 225
Ficus"daphnogenoides (Heer) Berry, description of .............. 163-164
daphnogenoides, plate showing................................ 181
glascoeana Lesquereux, description of..- .... -.---............. 164
Foraminifera. See Cushman, Joseph A.
16
Fossils, from well borings in the Bend series, Texas..............
occurrence of, in the lower Gila region ...................... 189-190
G.

Gabb, William M., cited .••..•.••................................ 27,28
Gaudryina triangularis Cushman, description of................... 127
sp. ?, description of.......................................... 127
plate showing............................................ 146
Gila, lower, region, Ariz., basal complex of, age of .............. 185-186
basal complex of, classes of rocks in ........................ 183-184
igneous rocks in. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 184
least-metamorphosed sediments in.... . . . . . . . . . . . . . . . . . . . 1~
metamorphosed schistose rocks in . . . . . . . . . . . . . . . . . . . . . 184-185
nature and distribution of.. ............................ 184-186
faults older than the Tertiary lava in ....................... 192-193
faults younger than the Tertiary lava in...................... 193
foldsin ....................•.................................. 192
geologic map of. ....................................... In pocket.
intrusive rocks in............................................ 187
mineral deposits in.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 197
Paleozoic and Mesozoic events in............................. 194
pre-Cambrian events in. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 194
Quaternary basalt in ....................................... 191-192
Quaternary faults in. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 193
Quaternary history of ...................................... 196-197.
Quaternary sediments in ................................... 190-191
rocks of, variety of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 183
situation and development·or......... .. . . . . . . . . . . . . . . . . . ... .. 183
structure of ................................................ 192-193
Tertiary history of ......................................... 195-196
Tertiary sedimentary formations in, features of.. . . ... . . . . . . . . . 186
fossils in ............................................... · 189-190
nature and distribution of.. ............................ 188-189
Tertiary lavas in, nature and distribution of ............... 186-188
Girty, G. H., cited ............................................... 67,68
fossils determined by ... , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66-68
Glauconite, occurrence of, above stratigraphic breaks ......... 3-4, 2G-2l
Gleichenia1 bohemica (Corda) Berry, description of. ............. 208-209
bohemica, plate showing. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 225
nordenskioldi Heer, description of .. -····-....................... 208
plate showing... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 225
Globigerina bulloides D'Orbigny, descriptions of ................. 95, 134
bulloides, plate showing... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 113
dutertrei D'Orbigny, description of........................... 134
triloba Reuss, description of..................................
95
Glyptostrobus gracillimus Lesquereux, erroneous identification of 209-210
Goldman, Marcus I., cited ............. : ....................... 203-204
Lithologic subsurface correlation in the "Bend series" of
north-central Texas.................................. 1-21
Gonzales Wells, Ariz., plate showing............................. 184
Gypsina rubra (D'Orbigny) Heron-Allen and Earland, d~criptions of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 98, 133
rubra, plate showing ................ :........................ 11Q

·229

·INDEX.
H.
Page.
Hacks Canyon, Ariz., section in . . . . .. . . . . .. . . . . . . . .. . . . . . . . . . . . .
69
Harrisburg dome, Utah, section at .............................. 73-74
Harrisburg gypsiferous member of the Kaibab limestone, fossils.
66
collected from. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Hauerinafragilissima (H. G. Brady) Millett, description of....... 103
fragiliasima, plate showing. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 121
sp.,? description of........................................... 103
Haynes Bluff, Miss., fossils found in. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83-85
Heald, K. C., acknowledgment to................................
22
Heilprin, A., cited ............................................... 28-29
Hill, R. T., cited.................................................
18
Hurricane, Utah, section south of .............. ·.................. 71-72
J.

Jurassic limestone and shale in Utah, features of . . . . . . . . . . . . . . . . .
64
Jurassic sandstone, in Utah, features of ......................... 63-64
massive, near Springdale, Utah, plate showing...............
62
north of St. George, Utah, plate showing.................
62

K.
Kaibab limestone, fossils collected from .......................... 66-67
in Utah and Arizona, features of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58-59
south of Hurricane, Utah, plate showing.....................
58
west of Virgin City, Utah, plate showing....................
58
Knowlton, F. H., fossils determined by.......................... 153
L.

Lagena hexagona (Williamson) Siddall, description of .... :........ 129
hexagona, plate showing. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 146
laevigata (Reuss) Terrigi, description of....................... 128
orbignyana (Seguenza) H. B. Brady var. jlintii, Cushman n.
var., description of................................... 129
var. jlintii, plate showing.~.............................. 146
striata (D'Orbigny) Reuss var. substriata Williamson, descri~
tion of............................................... 128
var. substriata, plate showing............................ 146
Latite, plug of, in the Dome Rock Mountains, plate showing.... 185
La Verkin, Utah, section near....................................
72
Laurophyllum mimus Newberry, description of................... 175
Laurus antecedena Lesquereux?, description of................... 175
plutonia Heer, description of. .............................. 174-175
plate showing .... : ................................. ·...... 181
Leaf River, Miss., exposure of Byram marl on....................
82
fossils found on .............................................. 83-85
Lepidocyclina aupera (Conrad) H. Douville, description of........ 101
Lesquereux, Leo, cited ................................. 177,207,209,212
Lime, conditions affecting the deposition of. . . . . . . . . . . . . . . . . . . . . .
2
Liriodendron quercifolium Newberry, description of............... 166
quercifolium, plate showing................................... 181

M.

N.
Nodosaria communis D'Orbigny, description of................... 129
communis plate showing..................................... 147
filiformis D'Orbigny, description of.......................... 129
plate showing............................................ 147
obliqua (Linnaeus) H. B. Brady, description of ............. 129-130
plateshowing ... ,................... ..................... 147
sp., description of............................................
93
plate showing.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 110
sp.?, description of.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
93
·plate showing............................................ 110
sp.?, description of........................................... 130
plateshowing............................................ 147
Nonionina advena Cushman, n. sp., description of .............. 139-140
advena, plate showing.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 149
scapha (Fichtel and Moll) Parker and Jones, description of. 100, 139
plate showing............................................ 117
umbilicatula (Montagu) Parker, Jones, and H. B. Brady,
description of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100, 139
plate showing............................................ 117
Nummulites sp., description of ................................. 100-101
sp., plate showing............................................ 118

0.
Oil sands, position of, in the" Bend series," in north-central Texas. 18-20
Oreodaphne alabamensis, Berry description of.. . . . . . . . . . . . . . . . . . 172-173
alabamensis, plate showing................................... 181
Orthaulax, correlation table of.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25-26
criteria for discriminating species of. . . . . . . . . . . . . . . . . . . . . . . . . .
24
description of. ............................................... 27-28
generic features of.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23-24
occurrence and stratigraphic posi_tion of species of ...... : . . . . . 24-26
species of, plates showing. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33-37
aguadillensis Maury, description of. .......................... 30-31
occurrence and stratigraphic position of. . . . . . . . . . . . . . . . . .
25
plate showing...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36, 37
caepa Cooke, n. sp., description of............................
31
occurrence and stratigraphic position of. . . . . . . . . . . . . . . . . .
25
plate showing ........................ ;. . . . . . . . . . . . . . . . . . .
37
gabbi, description of.. ............................. ~ .......... 29-30
occurrence and stratigraphic position of..................
25
plates sho\ving. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35, 36
inornatus, description of......................................
28
165
occurrence and stratigraphic position of. . . . . . . . . . . . . . . . . . 24-25
165
plate showing.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
34
181
pugnax, description of ............. : .......................... 28-29
172.
occurrence and stratigraphic position of... . . . . . . . . . . . . . . .
25
104
plates showing ........................................... 34,35
122
202
143 Osage Rock, near Belvidere, Kans., plate showing...............
188
151 Osborne Wash., Ariz., plate showing.............................
104
P.

Magnolia lacoeana Lesquereux, description of....................
apeciosa Heer, description of..................................
plate showing... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Malapoennafacilifolia (Lesquereux) Knowlton, description of....
Massilina crusta Cushman, n. sp., description of.................
crust'1, plate showing.........................................
decorata Cushman, n. sp., description of ......... ~............
plate showing............................................
occlusa Cushman, n. sp., description of........................
plato showing............... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 122
var. costulata Cushman, n. var., description of............ 104
Matteson, W. G., cited ........... :,..............................
18
Maury, Carlotta J., cited ...................................... 24,30-31
Mertie, :r. B., jr., Graphic and mechanical computation of thickness of strata and distance to a stratum .............. 39-52
"Millsap division," use of name ....... ·...................... ".... 15-16
Minerals, marking of horizons by .......... :. . . . . . . . . . . . . . . . . . . . .
21
Mint Spring marl, features of. ..............1...................... 123
fossils found in ............................................ 82, 83.:.35
foraminifera found in, at SL'C stations ................. : ..... 124-125
Moenkopi formation, features of, in Utah and Arizona. . . . . . . . . . . . 59-62
fossils collected from ......................................... 67-68
north of Virgin City, Utah, plate showing....................
67
west of Virgin City, Utah, plate showing.....................
58
Mohave County, Ariz., age of the formations in .................. 66-69
features of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53-54

I

Page.
Mohave County, Ariz., fossils collected in ......... : .............. 66-68
general section in ............................................ 54-56
local sections in .............................................. 69-77
stratigraphy of. . . . . . .. . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . 54"-66
structure of. . . .. . . . . . . .. . . .. . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . .
54
Myrica emarginata Heer, description· of........................... 161
longa (Heer) Heer, description of .. ." ........................ 161-162
plate showing.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 181
Myrtonium geinitzi (Heer) Berry, description of ................ 175-176 ,,

Paleocassia laurinea Lesquereux, description of ................. 167-168
laurinea, plate showing.............. . . . . . . . . . . . . . . . . . . . . . . . . . 181
Palmer, H. S., method of, for making stratigraphic computations.
44
Patellina advena Cushman, n. sp., description of................... 135
all vena, plate showing........................................ 148
Percentage log, description of.................................... 1-2
Phosphate rock, conditions affecting deposition of................
4
Platanu& latior (Lesquere\U) Knowlton, description of ......... 164-165
Plummer, F. B., cited .......·.................................... 6,15
Podozamites lanceolatu& (Lindley and Hutton) F. Braun, descrip;
tion of. ..•......................................... 159-160
lanceolatus, pia te showing. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 181
Polymorpliina advena Cushman, n. sp., description of............. 132
advena, plate showing........................................ 148
amygdaloidea (Reuss) Reuss, description of.. ................ 95,132
plate showing............................................ 112

•

230

INDEX.

Page.
Polymorphina byramensi8 Cushman, n. sp .• description of ........ 94, 131
plate showing............................................ 111
ctupidata H. B. Brady, description of........................ 133
plate showing............................................. 147
var. co~tulata Cushman, n. var.. . . . . . . . . . . . . . . . . . . . . . . . . . . 133
plate showing ......·.................................. 148
equnlia D'Orbigny, descri:_:tion oL........................... 132
plate showing............................................ 148
gibba D'Orbigny, description oL ......................... 93-94,132
plate showing. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 111
fistulose form, description oL............................
94
plate showing........................................ 112
problema D'Orbigny ?, description of.._............... 94-95,131-132
plate showing............................................ ~12
regina H. B. Brady, Parker, and Jone3, description of. ...... 94,131
plate showing ........................•................. 112,147
spinosa (D'Orbigny·) Egger, description of.................... 133
plate showing............................................ 148
vicksburgensis Cushman, n. sp., description of................. 133
plate showing............................................ 148
Populus harkeriana Lesquereux, description of................... 163
Pulvinulina advena Cushman, n. sp., description of...............
99
ad vena, plate showing ...................... :................. 116
byramensis Cushman, n. sp., description of .................. 99, 138
plate showing ............................................ · 116
glabrata Cushman, n. sp., description of. ..................... 99, 138
plate showing............................................ 116

Page.
Rotalia dentata Parker and Jones, description of.................. 100
plate showing ...... ·. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 117
var. parva Cushman, n. var., description of............... 139
plate showing........................................ 152
vicksburgensi8 Cushman, n. sp., description oL.. .. .. .. . .. .. . . 139
plate showing............................................ 152
Roxana Petroleum Corporation, acknowledgment to............
22
Rudd No. 1 well, location of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-Q
log of, plate showing ............................... In pocket.
section of, correlated with type section......................
15
sections of, thicker than corresponding sections of Seaman
well ............ :.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6, 7, 17
S.

Saddle Mountain, Ariz., plate showing........................... 188
St. George, Utah, sections north, east, and south oL ....... 73-75,76-77
Salix deleta Lesquereux, description of............................ 163
lesquereuxii Berry, description of. . . . . . . . . . . . . . . . . . . . . . . . . . . . 162
Sapindopsis belviderensis Berry, n. sp., description of. .......... 216-217
belviderensis, plate showing.................................. 225
brevijolia Fontaine, description of............................. 216
plate showing............................................ 225
magnifolia Fontaine, description of .......................... 214-215
plate showing............................................ 225
variabilis Fontaine, description of. .......................... 213-214
plate showing............................................ 225
Sapindus morrisoni IIeer, description of. ........................ , 168
Sassafras mudgii Lesquereux, description of..................... 219
Q.
mu.dgii, plate showing........................................ 225
Quinqueloculina bicostata D' Orbigny, description of.. . . . . . . . . . . . . . 141 , Seaman No. 1 well, location oL.................................. 5-6
log of, comparison of synthetic log with ...................... 17-18
bicostata D'Orbigny var., description of....................... 102
var., plate showing....................................... 120
oil il~~~~~-~~~~~i-~~:: .·. -_ ~:: _-_ -. -_ -. -_ -_ ·_ ·_ ·_ -. -. -_ ·_ ·_ ·_ -_ -_ -_ -_ ·.:. -_ -_ -_ -_ -_ -_ -. ·_ ·_ ·-~~~ -~ocke1t~
contorta D'Orbigny, description of............................ 142
sections of, thicker than corresponding sections of Rudd
plate showing............................................ 151
'well ................................................. 6,7,17
cookei Cushman, n. sp., description of......................... 141
plate showing............................................ 150 Sequoia condita, Lesquereux, description of. .................... 209-211
condita, plate showing........................................ 225
crassa D'Orbigny ?, description of............................ 102
gracillima Newberry, erroneous naming of ..........·........ 209-210
plate showing............................................ 121
62
cuvieriana D'Orbigny, description of.. ...................... 102,141 Shinarump conglomerate, features of, in Utah and Arizona.......
north of Virgin City, Utah, plate showing.................
67
plate showing............................................ 120
glabrata Cushman, n. sp., description of....................... 141 Siphonina advena Cushman, description of. ...................... 98, 137
ad vena, plate showing. . .. . . . . . . . . . . . . . . . . . . . . . . . . . . .. . .. . . . . 116
plate showing............................................. 151
73
lamarckiana D'Orbigny, description oL .................... 142-143 Smith's Mesa, Utah, section in...................................
view northward toward, plate showing.......................
59
lustra Cushman, n. sp., description of. ...................... 141-142
plate showing............................................ 150 Spirillina limbata H. B. Brady var. bipunctata Cushman, n. var.,
description of. ..................................... 134-135
seminulum (Linnaeus) D'Orbigny, description of............. 142
limbata var. bipunctata, plate showing........................ 149
tessellata Cushman, n. sp., description of...................... 142
subdecorata Cushman, n. sp., description of...................
95
plate shqwing ... ~ ...................................... 150,151
plate showing............................................ 113
venusta Karrer?, var., description of. ...................... 102-103
plate showing............................................ 120 Spirolocutfna antillarum D'Orbigny, description of............... 140
antillarum, plate showing. . .. . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . 150
vicksburgensis Cushman, n. sp., description of................. 141
byramensis Cushman, n. sp., description of................... 101
plate showing............................................ 151
plate showing............................................ 119
vulgaris D'Orbigny, description of............................ 142
grateloupi D'Orbigny, description of.......................... 101
plate showing............................................ 149
plate showing............................................ 119
sp., description of .......... :................................. 103
imprimata Cushman, n. sp., description of. ............. 101-102,140
plate showing.~.......................................... 120
plate showing............................................ 119
R.
Sterculia lugubris Lesquereux?, description of.................... 171
lugubris, plate showing....................................... 181
Red Bluff clay, fossils found in ................................ 82,83-85
mucronata Lesq1,1ereux, description of. . . . . . . . . . . . . . . . . . . . . . . . 218
Red wall limestone, features of, in Utah and Arizona ............. 56-57
towneri (Lesquereux) Berry, description of. ................ 217-218
Reeside, John B., jr., and Bassler, Harvey, Stratigraphic sections
plate showing ............................. __ ............. 225
in southwestern Utah and northwestern Arizona ..... 53-77
5
Reeves, Frank, cited.............................................
18 Stratigraphic w1its, use of term ......·............................
34 ·
Rhamey Hill, 'l'ex., fossil plants collected from..................
153 Strombus costat us, plate showing. . .. .. .. .. . . . . . . . . . . . . . . . . . . . . . . .
Rhamnus tenax Lesquereux, description of. ..................... 169-170 Sulphide, conditions affectil1g deposition of....................... 4-5
tenax, plate showing.......................................... 181 Supai formation, features of, in Utah and Arizona ................ 57-58
3
Rhus redditiformis Berry, description of. .......... :............... 169 Synthetic log, description oL....................................
redditijormi8, plate showing ......... .'......................... 181
T.
Rhythm in movements of ancient seashores...................... 201
Rock Canyon Ariz., section at head of........................... 70-71 Tertiary (?)sandstone, features of, in Utah.......................
65
section at mouth oL.........................................
71 Tertiary (?) and Quaternary rocks, features of, in Utah and
Rock Canyon conglomeratic member of the Moenkopi formation,
Arizona..............................................
66
fossils collected from..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
67 Texas, north-central, generalized log for ........................... 18-20·
Ross, Clyde P ., Geology of the lower Gila region, Ariz ........... 183-197
generalized log for, plate showil1g .................... In pocket.
Rotalia byramensi8 Cushman, n. sp., description of ............... 99, 138 Textularia agglutinans D'Orbigny, description of. . .. .. .. . .. . .. . . .
89
byramensis plate showing ............................ J........ 117
agglutinans, plate showing. . .. . .. . .. .. . . . . . . . . . . . . . . . . . . . . . 108

231

INDEX.
Page.

Page.

Textularia folium Parker and Jones, description of ..•............ 90-91

Vaginulina legumen (Linnaeus) D'Orbignyvar. elegans (D'Orbigny)

plate showing............................................ 108
mississippicnsis, description of. .......................... 90, 125-126
plato showing .................................... ~-....... 108
subhauerii Cushman, d,escription of ....................... 89-90, 126
plate showing ...................... ,..................... 108
tumidulum, description of ................................... 89, 125
plate showing............................................ 109
Thickness of strata, graphic computation of, alinement chart for .. 44-46
graphic computation of, data needed for......................
40
geometric construction for ................................ 40-41
trigonometric formula for.................................
41
graphic representation of.. ..... : ..................... 41-43
mathematical analysis of.. ............................ _43-44
Toroweap Canyon, Ariz.,.section in .............................. 69-70
Triangle, right, graphic solution of ............................... 48-50
right, graphic solution of, preparation and use of chart for .... 49-50
graphic solution of, alinement chart for. . . . . . . . . . . . . . . . . . .
50
Tricalycites 7Japyraccus Hollick, description of....................
179
pa.pyract!US, plate showing...................................
181
Triloculina oblonga (Montagu) D'Orbigny, description of. ...... 104-105
oblonga, plate showing........................................
122
peroblnnga Cushman, n. sp., description of.................... 143
plato showing............................................ 151
rotunda D'Orbigny, description of............................
104
sculpturata Cushman, n. sp., description of...................
143
plate showing............................................ 150
trigonula (Lamarck) D'Orbigny, description of...............
105
Trochodendroides Berry, n. gen., description of.................... 166
rhomboideus (Lesquereux) Berry, description of. ............ 166-167
plate showing............................................ 181
Truncatulina americana Cushman, description of.................
97
americana, plate showing..................................... 114
var ., description of....................................... 136
byramensis Cushman, n. sp., description of ............. :. 96-97, 136
plate showing...................... . . . . . . . . . . . . . . . . . . . . . 114
lobatula (Walker and Jacob) D'Orbigny, description of.. 96,135-136
plate showing............................................ 114
pseudoungeriana Cushman n. sp., description of. ...· .......... 97, 136
plate showing............................................ 114
vicksburgen8is Cushman, n. sp., description of.. ............. 136-137
plate showing....................... . . . . . . . . . . . . . . . . . . . . . 152

Fornasini, plate showing..... . . . . . . . . . . . . . . . . . . . . . . . . 111
Vaughan, T. W., fossils determined by...........................
82
Verneuilina spinulosa Reuss var. glabrata Cushman, n. var., de92
scription of. ....... _......... . . . . . . . . . . . . . . . . . . . . . . . . .
rectimargo Cushman, n. sp., description of....................
127
plateshowing ............................................ 146
Vertebralina advena Cushman, n. sp., descriptidll of...............
102
advena, plate showing........................................
119
sp., description of............................................ 102
plate showing............................................ 119
sp., description of............................................ 140
Viburnum robustum Lesquereux, description of...................
179
robustum, plate showing......................................
181
Vicksburg, Miss., exposures of Byram marl near .................. 80-81
fossils found near .......................................... 81, 83-85
Vicksburg beds, early paleontologic work on.. . . . . . . . . . . . . . . . . . . .
79
Virgin City, Utah, sections west of. .............................. 72-73
Virgin limestone, member of the MoenkoJ?i formation, fossils collected from ........................................... 67-68
Virgulina sp., description of......................................
92
sp., plate showing............................................ 110

u.
Utah, southwestern. See Washington County, Utah.
Uvigerina byramen8is, Cushman, n. sp., descriptions of. ...... 95,133-134
byramen8is, plate showing ............................... ·_....
112
pigmea D'Orbigny, description oL.... .. .. .. .. .. . . . . . . .. .. . . . 134
plate showing ........ .'................................... 149

w.
Washington County, Utah, age of the formations in .............. 66-69
features of. ................................................... 53-54
fossils collected in ............................................ 66-68
general section of.. . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . 54-56
local sections in. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . 69-77
stratigraphy of. .............................................. 54-66
structure of. . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
54
Washington dome, Utah, section in .............................. .
74
White, David, acknowledgment to .............................. .
22
JViddringtonites reichii (Ettingshausen) Heer, erroneous identification of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 209, 210
Wolf Hole, Ariz., section north of................................
75
Woodbine, Tex., fossil plants collected at......................... 153
Woodbine sand, fauna of......................................... 155
flora of, descriptions of. ..................................... 159-180
distribution of, in other formations....................... 159
early collections oL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 153
features of. ............................................. 155-156
platesshowing .............................. : ............ 181
relations of, to that of other formations ................. 156-lli!;
naming of.................................................... 154
nature and distribution of. ................................. 154-155
·Wood wards, M:iss., exposure of Byram marl at....................
82
Woolsey Tank, Ariz., plate showing.............................. 189
bank of wash near, plate showing.. . . . . . . . . . . . . . . . . . . . . . . . . . . 189

v.
Vaginuli~a

z.

legumen (Linnaeus) D'Orbigny var. elegans (D'Or-

Zizyphus lamaren8is Berry, description of. ....................... .
lamarensis, plate showing ................................... .

bigny) Fornasini, description of. ....................• 93, 131

0

170

181

