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SHORTER CONTRIBUTIONS TO GENERAL GEOLOGY, 1921.

LITHOLOGIC SUBSURFACE CORRELATION IN THE

“BEND SERIES” OF

NORTH-CENTRAL TEXAS.

OBJECT AND METHODS OF THE INVESTIGATION.

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 horizons 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 more 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 give no show
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 encoun-
tered 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 difficult it
becomes to recognize the beds that lie at the
same geologic horizon in them. In undertak-
ing 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 and below it would show

- enough similarity to permit its identification.

By Marous I. Goromar.

‘That is to say, it seemed probabie that any

change in the character of the sediment deliv-
ered 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 a limestone, in another by the deposition
of coarse sandstone in the midst of shale, and
in still another merely by a slight increase in
the amount or the size of sand in a shale, but
everywhere there would be an increase in the
proportion of sand; and the same rule would
apply to the other constituents! To bring
this out it was necessary to represent for each
sample obtained 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 differentiate the several mem-
bers of that group was made, though the
differentiation ‘of calcite and dolomite, for
example, would be valuable. The lower limit
for size of grain of material classified as sand is
about 0.05 millimeter, but this limit is not
definite, depending somewhat on factors other
than size. 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).

1 Though applied much more roughly, this principle is similar to
that used by De Geer in correlating the glacial clays of Sweden. Sce
De Geer, Gerard, A geochronology of the last 12,000 years: Cong. géol.
internat., 11¢ sess., Compt. rend., fasc. 1, p. 241, 1910.

1



2 SHORTER CONTRIBUTIONS TO GENERAL GEOLOGY, 1921.

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 percent-
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.?

To obtain these results the samples were
examined with a hand lens, which was some-
times supplemented by a binocular micro-
scope. - 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 in-
crease 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 method 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 re-.

markable detail. It has even certain advan-
tages over the mechanical and chemical analy-
sis employed in the method described by Trager
in the paper just cited. Certain changes, es-
pecially 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 of the ingredients, especially of
clay 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 deter-
mining the original composition. On the other
hand, the determination of the proportions of
the ingredients by the eye may be very inac-
curate, especially in an argillaceous rock, as
clay may form a dark stain and veil the pres-
ence 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 de-
termining 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 distinet 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 silicifica-
tion of sediments after their deposition and
that for the purpose of the present investiga-
tion it should be regarded as replacing lime.

The flint estimated represents only the pro-
portion of its individual particles, not the
degree of silicification of the sample. Incip-
ient chertification was recognized in many thin
sections made from samples in which no frag-
ments 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
and at 4,090 to 4,100 feet in the Seaman well.

Although the assumption that variations in
the proportions of the principal constituents of
these beds would be recorded in widely sepa-
rated 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 interpreta-
tion. 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 accumu-
lated 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 lime-
stone, 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 dcposit 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, mol-
luscoids, and echinoids whose remains form the
largest part of our 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
they would be injured by the accumulation of
sediment. If a generalization must be made
concerning the relation of lime of organic
origin to depth it would probably be truer to
say that on gently sloping offshore sea bot-
toms limestones are formed between near-shore
detrital deposits, which in many areas include
clay, and the deep-sea terrigenous clay depos-
its, which are fairly 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
purpose is to realize that lime is not likely to
vary 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 addi-
tion 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 litho-
logic types, in what I have called, for conven-
ience of reference, a ‘“synthetic log.” In this
log the materials found in each sample are, as
far as possible, represented by the usual sym-
bols. It was of course necessary to generalize
very much in preparmg this log. Obviously,
moreover, there is no sure way of determining

TEXAS. 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 posi-
tion 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
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 autoch-
thonous glauconite I mean glauconite formed
in place contemporaneously with the bed in
which it occurs. The suggestion that glauco-
nite occurs in this association * 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 lime-
stone 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 glauconitic sand containing nodules
of phosphate was found. To establish the
validity of the generalization that glau-
conite occurs just above stratigraphic breaks
it may be stated in advance that each of
the samples in the collections 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 dis-
cussed (see Pl. I), glauconite occurs at horizons
other than breaks in the stratigraphic succes-
sion, but at nearly all these horizons it differs in

3 Goldman, M. 1., Washington Acad. Sci. Jour., vol. 9, p. 502, 1919,
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associations and generally in form and charac-
ter from the glauconite found at the strati-
graphic breaks. The latter is usually more
* 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 asso-
ciated with coarse quartz sand, generally some-
what finer than the 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 phos-
phate and by a peculiar opaque compact brown
substance, supposed to be some form of clay.
The glauconite not associated with stratigraphic
breaks usually ocecurs 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* of
the connection between beds of phosphate and
movements 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 geo-
logic 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 con-
ditions favorable to the formation of glauconite
are characteristically associated with periods of
maximum emergence or, according to Barrell’s
definition, with periods of maximum elevation
of base-level® but are not limited to this asso-
ciation. Cayeux formulates the law for the
Paris Basin that ““all the deposits [of phosphate

4Cayeux, L., Genése des gisements de phosphates de chaux sédi-
mentaires: Soc. géol. 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. 28, pp. 778, 783, 1917.

£
k]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 sec-
tions 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 max-
imum 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 de-
posits. In the section from the Seaman well
I have recognized several stratigraphic breaks
that are marked merely by sand, without glau-
conite. What assumptions may be made,
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
where 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 accu-
mulations of dead organisms and is only one
of the disturbances of environment that might
result from a movement of base-level. Depth
of water and other elements of the environ-
ment would also change, and a change in any
of them might lead to the destruction of life
which would result in the formation of phos-
phate deposits. But I do not think it should
be assumed that a change of environment over
a wide area, taking place suddenly, causes a
general destruction of life. The essential con-
dition seems to me to be that as a result of the
disturbances distinct marine environments
come into contact without any physical bar-
rier, and organisms passing from one to another
encounter unfavorable conditions and perish
in large numbers and during a considerable
period of time. From thisit.-can be deduced
that glauconite deposits associated with a move-
ment 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 base-
level is not great.

The association of sulphide with sandybeds
in this section admits of two interpretations,
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one of which has been offered by Waite and
Udden,® who suggest that the sulphide is due
to mineralization after deposition, made possi-
ble by the porosity of the sandy beds. ‘Though
some of the sulphide I found in the coarse, gen-
erally more or less sandy basal beds may have
been introduced in this way, I am inclined to
believe that most of it is formed syngenetically
as a product of the same large amounts of de-
caying organic matter that probably caused the
formation of glauconite. This close relation
between glauconite and sulphide has been rec-
ognized in modern deposits.” The occurrence
of sulphide in the glauconitic beds encoun-
tered in the two wells here considered appears
to be independent of the porosity of the beds.

So far as mere impressions can be relied on, the |

sulphide seems to be as abundant in the dense,
argillaceous phases of these beds as in the open,
sandy phases. Then, too, it is in several occur-
rences associated closely with the shells in the
beds, filling the tissues of some of them.

On the other hand, I gained the impression
that chertification was rather more extensive
in some of these coarse basal beds than in beds
that lay adjacent to them, a difference which
may indicate effects due to circulation, though
it may be due merely to the abundance of
coarse calcareous fragments in these beds. If
due to circulation, this supports the interpre-
tation of Waite and Udden, though it conflicts
with their observations. Probably the beds
contain both syngenetic and epigenetic sul-
phide, and though it may be difficult to dis-
tinguish these two types a possible means of
discrimination may be found in the fact that
the sulphide found in material from these wells
appears to occur in two forms, one minutely
spheroidal, generally gathered into large con-
cretions, the other having sharp crystal faces.
These forms may be respectively syngenetic
and cpigenetic. The problem deserves study,
as the differentiation of syngenetic and epige-
- netic sulphide would help to throw light on the
processes of circulation in the rocks.

The classification of the bedding planes that
are overlain by glauconite and that mark the
boundaries of the units differentiated in this

8 Walte, V. V., and Udden, J. A., Observations on the Bend in Bough
No. 1in Brown County: Am. Assoc. Petr. Geologists Bull., vol. 3, p.
338, 1919.

7 Collet, L. W., Les dépots marins, especially pp. 168-172, Paris, Octave
Doin, 1908. . }

‘¢ BEND SERIES,”” TEXAS. 5

paper or the determination of their significance
as compared with other bedding planes must,
I believe, be postponed until many more ob-

.servations on this subject have been made.

Every bedding plane represents a break in
sedimentation and is related by a series of
innumerable intermediate types to universally
recognized ‘‘ disconformities’ and finally to un-
conformities. Barrell’s analysis of stratigraphic
breaks® is very illuminating, but their pos-
sible causes seem to me so numerous and: their
possible relations so complex that, until more
detailed study has given better ground for dif-
ferentiation, I prefer to call the boundaries I
have indicated merely stratigraphic breaks,
without attempting to define the relative order
of magnitude of the time intervals they repre-
sent. That they are at least “ disconformities”
of order B-B in Barrell’s system ° is, I think,
unquestionable. In the accompanying plate I
have used the wavy line that is generally re-
garded as symbolizing an unconformity merely
because it. emphasizes the breaks, without wish-
ing thereby to indicate their significance.

For the same reason that no more specific
name has been given to the stratigraphic
breaks, the portions of the section separated by
the breaks have been called merely strati-
graphic units, without an attempt to determine
whether they are of the order of members,
form ations, series, groups, or any other recog-
nized subdivisions. Their variation in lith-
ology and the recognition of most of .them so
far only underground makes it seem preferable
to identify them merely by letters rather than
by names.

.LOCATION OF WELLS EXAMINED.

In order to give the method adopted for this
investigation a thorough test it was desirable
that the wells studied should be far apart and
that the samples from them should represent a
nearly complete section of the ‘“Bend series.”
In the collections available in the office of the
United States Geological Survey these require-
ments seemed to be fulfilled by samplés from
two wells of the Roxana Petroleum.Corpora-
tion—the Seaman No. 1, in Palo Pinto County,
and the Rudd No. 1, in northern Comanche
County, both of which were drilled into the

8 Barrell, Joseph, on. cit., pp. 776-834.
9 Idem, fig. 5, p. 793,
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Ellenburger limestone. The location of these

wells is shown on the accompanying map (fig.1).
The distance between them is about 45 miles.
The section in the Seaman well is much

thicker and much more sandy than the section |

in the Rudd well. This accords with the belief
that the land mass from which the sediments

TO GENERAL GEOLOGY, 1921.

DISCUSSION AND CORRELATION OF THE SEA-
MAN WELL AND THE RUDD WELL.

INTRODUCTION.

The following discussion will concern itself
only with the facts brought out in the graphic
logs (Pl. I, in pocket) and with additional
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FIGURE 1.—Outline map showing the position of the Seaman and Ru
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of the “Bend series’” were derived lay some-

where to the northeast of the north-central
Texas area.l’

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
Geologists at its meeting in Dallas, Tex., in March, 1919, but in the pub-
lished version of that paper the only reference I find to it is in the discus-
sion 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 Science.

dd wells, north-central Texas, and their relation to the “Bend arch.”
. 1849, map facing p. 32, 1918,

facts about the lithology tnat seem important
for the correlation but could not be brought out
in those logs. For a knowledge of the general
character of the beds the reader is referred to
the very clear, concise, and well-illustrated
paper by Udden and Waite.

1 Udden, J. A., and Waite, V. V., Microscopic characteristics of the
Bend and the Ellenburger limestones, 26 pp., mimeographed and illus-
trated by photographic prints [Austin, Texas Bur. Econ. Geology and

Technology, 1919].
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The reader is urged to refer constantly to
the graphic logs and to make his own detailed
comparison of the units in the two wells, espe-
cially as they are represented in the percent-
age logs. To make such a detailed comparison
in this paper, with the constant references to
depth that would be necessary, would make the
discussion too cumbersome, and as the facts
arc clearly brought out by the graphic logs it
seems superfluous.

There are some differences between the two
percentage logs that can not be readily ex-
plained. They may be due to defects in the
obscrvations, especially to the fact that prob-
ably too few thin sections of samples from the
Seaman well were examined, or to facts that
are not in agreement with the general principle
on which the correlation is based. Besides,
minor variations that are disclosed in the per-

centage log of the Seaman well may bafPcon-

cealed in the percentage log of the Rudd well
owing to the greater thinness of the equivalent
section in the Rudd well, so that of two samples
representing any given thickness of beds that
from the Rudd well generally represents a
greater time interval than that from the Sea-
man well.

The comparison of the units in the two wells
will be based on the correlation I have arrived
at without at first proving this correlation in
each casc. This is a necessary result of the
principle that the correlation is based not on
dircct comparison of the lithologic character
of two units but on the relation of that char-
acter to the character of formations above and

below.
UNIT A.

The examination of the material from the
Seaman well was begun with material obtained
just below the lowest sample that consisted
mainly of yellow sand; of that from the Rudd
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
from both wells were found certain fragments
of white sandstone which differed from others
in the same samples partly in being more silici-
fied but especially in that one surface, instead
of appearing freshly broken like the rest, was
dull, gray stained, smoothed, and slightly

pitted, suggesting the surface of a small pebble
(half an inch or so in diameter) in a conglom-
erate. 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 immediately noticeable in the character of
the shales that directly underlie unit A.
They are blacker, less blue-gray than the shales
of unit A, much less sandy, more calcareous,
and more. sulphidic. In shales below unit A
sulphides are almost invariably present though
in varying abundance.

This unit is too thin in the Rudd well to per-
mit much generalization about its representa-
tion 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 Sea-
man 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 unit
B is very different in the two wells. In the .
Seaman well it has a feature of special interest
brought out in the percentage log—a pro-
nounced, 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 in-
crease. 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 may be only appa-
rent, being due to caving of sandy material
from unit B in the drill hole, though the large
proportion of the sandy matertal 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
contact is due to the fact that the beds repre-
senting 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
Barrell®®?). The true boundary between two for-
mations is the sedimentary surface coinciding

12 Op. cit., pp. 778, 783.
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with the maximum of the oscillation that pro-
duced this change of base-level. Some part of
the ocean bottom must remain submerged dur-
ing 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 cor-
respond to a maximum of shallowing. For
this reason the boundary between units B.and
Chas been placed in the middle of that interval.
This boundary is of course not a disconformity
and is so represented only for convenience. A
name to describe this surface would be use-
ful. The name ‘‘akinetic surface’ 1is . pro-
posed and defined as the surface in a sedimen-
tary rock which was the outer surface of the
lithosphere at some place at the moment an
oscillation of base-level at that place passed
through its maximum. The word akinetic is
derived from the Greek word «wew, I move,
and the privative prefix a. Although the in-
terpretation here given of the boundary
. between the two formations'is a possible in-
terprétation of the observations recorded, it is
not inevitable. There may be a considerable
time interval, not represented by sediments,
between units B and C, and the apparent con-
tinuity may be due 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 po-
sition of the boundary between units B and C
in the Seaman well and points toward its oc-
currence about the base of the sandstone shown
at 3,075 feet is the appearance in the sample
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 B and
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 Seaman

well appear in thin section predominantly

SHORTER CONTRIBUTIONS TO GENERAL GEOLOGY, 1921.

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. Sul-
phides 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 C as seen in thin
section may be described as of the Marble Falls
type—that is to say, the matrix instead of being
even and granular has more of a flocculent ap-
pearance, being amorphous 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 as a vague, irregular stain, indistin-
guishable from the argillaceous matter. Sul-
phides, though present, are therefore not gen-
erally as clearly associated with organic ele-
ments as in unit B. Whether there is generally
more or less sulphide in unit B or unit C could
not be 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 occur-
rence of the sulphide is one of the problems
which I hope to take up later. The most dis-
tinguishing characteristic of shale of the unit C
type is the occurrence in it of lime in coarse ir-
regular fragments and grains, many of them
clearly fragments of shells. With the increase
of the amount and coarseness of the lime and of
the fossil fragments or fossils the shale passes
by imperceptible gradations into black lime-
stone ¥ and then into gray limestone. With
these differences in microscopic character be-
tween the shales of units B and C in the Sea-
man well goes a difference in their color to the
unaided eye. Those of unit B are 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, J. A., and Waite, V. V., Microscopic characteristics of
the Bend and the Ellenburger limestones, Texas Bur. Econ. Geology,
1919.
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Although these two distinct types of shale are
characteristic of units B and C, neither of them is
absolutely restricted toitsrespectiveunit. Each
typeisfound in smaller amountsin the otherunit.

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 the thin sections of many chips there is none.
The groundmass of the shales of both units
appears equally flocculent. The lime in the
shales of unit B is coarsely granular, distinctly
not the fine dust that is characteristic of the
shale of unit B in the Seaman well. Neverthe-
less, it is not on the average as coarse as the
lime in the directly underlying shales of unit C
in the Rudd well, in which a few recognizable
coarse fossil fragments are included. Under
the hand lens the difference between samples
from adjacent parts of the two units is corre-
spondingly slight. These observations on ma-
terial from the Rudd well are in agreement with
the evidence of continuity between the two
units in the Seaman well.

DISTINCTION BETWEEN BLACK SHALE AND
BLACK LIMESTONE.

From what has been said above of the grada-
tions between black shale and black limestome
it follows, as pointed out by many previous
worlers," that the distinction between black
shale and black limestone is more or less arbi-
trary. Inmy work I have differentiated them
mainly by the appearance of the chips. Angular
chips with sharp edges, more or less concave
surface,. and generally harder appearance I
have called limestone. The flatter, more
rounded, and more regular chips I have called
shale. Where the appearance of the thin sec-
tion seemed definitely opposed to the classifi-
cation 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, may
often be more reliable than an opinion deduced
merely from an examination by eye. On the
other hand, most drillers appear inclined to gen-
eralize the character of a considerable succes-
sion of materials. In the synthetic log I have
incorporated only my own conclusions, but the
facts above set forth should be kept in mind
when the synthetic logs are examined and com-
pared with the driller’s log.

14 See Am. Assoc. Petr. Geologists Bull., vol. 3, passim, 1919,
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UNITS C AND C'.

In the Seaman well unit C is far from coher-
ent. In the percentage log it appears very
irregular. The only generalization that sug-
gests itself is that this unit is distinctly calca-
reous in the lower part, containing very little
sand, but grows sandy toward the top, appar-
ently 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
subdivided, the dividing line would be drawn
at 3,320 feet, separating a distinctly sandy and
shaly 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 the Rudd’

well supports this view.

In the Rudd well unit C is 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 combinéd 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 well 3,045 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, in 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 sandstone 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-

et
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lations for.the distance of this sand from the
base of unit C’ show:

In the Rudd well 2,295 to 2,525 =230 feet.

In the Seaman well 3,185 to 3,640 =455 feet.

Ratio 230 : 455=1 : 1.98.

The ratio of the distances of the sandstone from
the top of unit C is as follows:

In the Rudd well 2,245 to 2,295 =50 feet.

In the Seaman well 3,045 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 C’ than the ratio
of the distance from the top of unit C 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 C 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 interrup-
tions 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 C’ 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 C’ record a sudden invasion of a very sandy
facies overlying a thin layer of deeper-water sed-
iments and immediately overlain by sediments
that were probably laid down in still deeper
water. In the Seaman well the base of unit C’is
marked by a very typically developed glauconi-
tic basal bed, more phosphatic thanusual, almost
exactly similar material marks the base of

unit C, and between the two is a sharply:

defined very sandy layer. In the Rudd well
the base of unit C’ is also marked by a glau-

Va
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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 C was not located. About
80 per cent of the sample from 2,490 to 2,500
feet is a rather coarsely sandy, coarsely cal-
careous glauconitic and phosphatic black
liméstone or shale, but all the fragments ex-

‘amined 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.C
is present, but from the evidence summarized
above it can not be precisely located. The
basal beds of units C and C’ 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 incom-
plete record in the Rudd well unit C’ 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 compo-
sition of units C and C’ in the two wells. The
Rudd well is in deeper-water deposits, and the
large amount of lime in the lower part of unit C
in the Seaman well has its equivalent in an ex-
ceptionally large amount of almost sand-free
clay in the Rudd well. Lime is more abundant
in the upper part of unit C in the Rudd well,
corresponding to the shallowing indicated by
the large amount of sand in the upper part of
unit Cin 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 rela-
tion of its composition as illustrated in the per-
centage 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 con-
firmations 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 Rudd
well also it was laid down nearer shore and is
therefore more calcareous than the apparently
deep-water shales of the lower part of unit C.
In the Rudd well unit Dis distinguished through-
out by the abundance of calcareous spicules, a
characteristic of the Marble Falls limestone. **
In the Seaman well this characteristic was not
noted in unit D, which is probably too argilla-
ceous 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 Rudd
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 sam-
ple 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 Rudd well.

The base of unit DD in the Seaman well is
marked by a typically developed glauconite bed
with coarse quartz sand, coarse fossil fragments,
phosphate grains, and abundant sulphides.
In the Rudd 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
noted was a small amount of sulphidic black
limestone or shale, a few coarse quartz grains,
and a very 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 con-
sists 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,

16 Cf. Udden, J. A., and Waite, V.'V., op. cit., pp. 16-19,
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p- 17) 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, espe-
cially as regards the development of glau-
conite. A

The irregular ratios of thickness of the units
may be explained by differences in the amount of
erosionin the twolocalities before the formation
of each next higher unit. The greatest depar-
ture from the prevailing ratios between corre-
sponding units in the two wells is shown by
unit E and may indicate that the unconformity
at the top of that unit represents a particu-
larly long time interval. This inference is in
harmony with the very characteristic devel-
opment of the basal glauconite bed of unit D
and with the pronounced distinctness of unit
D from the underlying units, as shown in the
percentage log. Another possible interpre-
tation 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 accumu-
lated faster in the deeper water of the region
of the Rudd 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 two
wells—at the top a thin layer of purer lime-
stone, 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 de-
velopment of sandy and argillaceous deposi-
tion at the base of this unit is brought out in
striking parallelism in the two percentage logs.
The sample from the base of this unit in
the Rudd 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 calca-
reous 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 brown-
black spherules, 0.1 to 0.2 millimeter in diam-
eter. 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
with sodium carbonate. It is hoped later to
determine their nature. Some of the features
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 shale 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 fragiments in
the sample from 4,165 to 4,180 feet—that is,
in units G, H, I, and J. This distribution with-
out regard to lithologic facies or apparently to
any clear boundary is one of the factors favor-
ing the belief in a volcanic origin. In the Rudd
well the only distinet occurrence noted was in
unit H between 2,780 and 2,790 feet.

The only show of 0il recorded in the driller’s
log of the Seaman well is in unit G in the inter-
val 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 1.

- Units H and I are grouped together because

they stand out clearly from the units above and
bélow 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 pro-
nounced change, shown in both the percentage
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log and the synthetic log, from the calcareous
material that prevails below it to the more ar-
gillaceous 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 litho-
logic boundary, gray limestones being repre-
sented 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 per-
centage log make it seem probable that they
were derived by caving from beds above. The
sample from 4,126 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 H and I together as they appear
in the percentage log of the Seaman well record
an oscillation, a rise followed by a fall of base-
level between units J and G similar to that be-
tween 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 de-
posited during the period of greatest elevation
of base-level, contain several layers with glau-
conite, 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 aki-
netic surface, but on account of the greater
practical 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
synthetic log as the boundary between units
H and I. In the sample from 4,060 to 4,070
feet there is about 20 per cent of black calca-
reous, somewhat glauconitic and very sul-
phidic sandstone, containing some of the.
coarsest sand grains noted in any part of the sec-
tion. 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 abun-
dance, and because it seems to be more closely
related to the more definite lower boundary of
unit H in the deeper-water deposits of the Rudd
well. A light-colored sandstone shown just
above 2,765 feet in the Rudd well and indi-
cated by mere traces in the sample may be the
cquwalent of the one between 4,040 and 4,050
feet in the Seaman well.

A peculiarity of the basal sandstone of unit
H 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 increase of lime in the upper
part of unit H is shown, reaching its max1mum
just below the base of unit G.

UNIT J.

Unit J falls in both wells into two parts
which are very similar but are separated by a
pronounced maximum of clay shaiply bounded
against the upper part. This maximum is ac-
companied in the Seaman well by a slight sandi-
ness and especially by a peculiar hard, dense
black calcareous material containing a little un-

usually fresh, rather coarse glauconite and a few.

phosphate spherules—material of the same
type as that which marks the base of the unit.
In the Rudd well the clay maximum is accom-
panied by a relatively large amount 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 distinet 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 sam--

ples from the upper part of the lower division
in the Seaman well were reexamined and no
_sand or sandstone fragments were found,

though in the Rudd well most of the sand rep-
resented 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
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two wells is directly contrary to that prevalhng
in all the units ‘previously discussed and is
considered further on page 17.

The base of unit J in both wells is marked by
probably the best-developed glauconite bed
encountered in the section so far discussed—
that 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 glau-
conite 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 ex-
amined these materials lie in a peculiar dense
to opaque brown matrix different from any
shales in the section. Many chips of this mate-
rial 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 requiresfurther 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, though the character of the mate-
rial 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 separating them is
unusually great. In the Rudd well, on the
contrary, the glauconite is evidently very near
the contact.

UNITS K AND L.

In the percentage logs units K and L respec-
tively appear very similar in both wells, unit K
being calcareous and separated rather sharply
from unit L. The beds of both units show
several lithologic characteristics that distin-
guish them from overlying beds.

In the Seaman well unit K consists of lime-
stones 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 distinc-
tive, and those of unit L are of the same general
character in both wells, but the Seaman well
shows no shales in unit K. In the solid they
have generally a dull brownish-black appear-
ance; in thin section they have a peculiar red-
dish-brown rusty color 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 ¢onsist almost en-
tirely 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 L in 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 D in 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 L in both wells by a bed
of very phosphatic limestone in which phos-
" phate spherules and nodules and phosphatized

calcareous skeletons, including many echinoid

fragments, occur rather closely crowded in a

crystalline calcareous matrix. This is a typical
~ phosphatic contact bed in which no’ glauconite

was found. Evidently there are different con-
ditions at stratigraphic breaks which make
glauconite predominate at some and phosphate
at others. In general, the conditions that pre-

vailed during the deposition of units K and L,

seem to have been more favorable to the forma-

tion of phosphate.

~ Unit L is composed almost entirely of a very
uniform succession of shale of the type de-
scribed above, which in the Rudd well seems
to be rather phosphatic, the phosphate occur-

ing as small brown spherules around 0.2 milli-

meter in diameter, very slightly different in
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color in thin section from the shale containing
them. .

At 3,042 to 3,048 feet in unit L in the Rudd
well occurs an exceptionally characteristically
developed glauconite and phosphate bed of the
contact type. This bed does not, however,
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 represents
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 horizontally exten-
sive glauconite bed that marks the base of the
““Bend series,” which is here the base of unit L,
resting on the Ellenburger (Ordovician) lime-
stone, was mentioned in the introduction. The
contact facies is evidently very thin. In the
Rudd well only a small amount of coarse sand-
stone and coarsely glauconitic limestone with
some phosphate spherules was found. A pecu-
liarity 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 aTelated
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 glauconitic 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? Shat-
tering, 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 inter-
val, and more than half of the sample from
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4,510 to 4,519 feet consists of normal shale of
the unit L. type, apparently free from glaucon-
ite 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 crys-
talline 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 a contact. Moreover, the sample from
4,490 to 4,510 feet was estimated to contain
several per cent of white flint of the Ellen-
burger type. The relations do not seem en-
tirely normal. In the synthetic log -a thin
glauconitic imestone deduced from the single
fragment found in the sample- from 4,510 to
4,519 feet is represented, but this is evidently
very hypothetical. )

GENERAL CORRELATION WITH THE RECOG-
NIZED SUBDIVISIONS OF THE “BEND SERIES.”

The section in the Rudd well—a sharply
defined upper shaly succession from 2,215 to
about 2,522 feet (thickness 307 feet), a pre-
vailingly 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
Rudd well is so much nearer than the Seaman
well to the outcrop where the section was origi-
nally observed and named that the Rudd section
may be taken as establishing the correlation with
the type section. In other words, 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
means of the correlation proposed in this paper
these subdivisions can be carried to the Sea-
man well.

A few of the facts thus brought out require
discussion.

Unit A evidently belongs to the Strawn, but
unit B is hard to place. If it lies immediately
above the Smithwick it should be the equiva-
lent of what has sometimes been called the
“Millsap division.” As originally described
by Cummins?® the “Millsap” is composed

16 Cummins, W. F., Geology of northwestern Texas: Texas Geol.
Survey, vol. 2, pp. 372-374, pl. 6, p. 361, 1890.
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mostly of “blue [sandy? and black [calca-
reous?] clays, with an occasional sandstone
and limestone and an occasional bed of ‘sandy
shale. * * * At Thurber * * * the ‘section

* % * wag principally bluish clay, or, as
the miners call it, slate [calcareous shale?,
with a few seams of sandstone and limestone.”
In a subsequent report 7 Cummins dropped the
name “Millsap,” and still later'® he explained
that by tracing a coal bed of the Strawn forma-
tion to Millsap he had convinced himse)f that
the beds there were part of the Strawn. The
“Millsap division” of Plummer!* Cummins
says “is not the same thing” as Cummins’s
“Millsap division.”” Plummer defines his
“Millsap division” as the “beds between the
Smithwick shales and the top of the limestone
members outcropping in Parker County,”
though without defining the precise top of the
Smithwick. He describes the ‘“Millsap” as
consisting, in its best exposure, at Kickapoo
Falls, of thick, massive dark-blue shales with
lenticular, unevenly bedded limestones. It is
very interesting to note that he says that the
basal “Millsap’’ contains a light-colored quartz
sand which is in places separated from the
Smithwick by blue marls and thin limy layers.
That is to say, as appears in my synthetic and
percentage logs of the Seaman well, the maxi-
mum development of sand is somewhat above
the plane of most pronounced lithologic sepa-
ration. The same agreement with the results
presented in the synthetic log in this paper
appears in Plummer’s’ statement® that “in
places the black shale [of the Smithwitk]
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. Moore 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 B and C as brought out in Plate
I would lead to the belief that unit B, which I

17 Cummins, W. F., Notes on the geology of northwest Texas: Texas
Geol. Survey Ann. Rept., vol. 4, p. 222, 1892.

18 Cummins, W. F., Am. Assoc. Petr. Geologists Bull., vol. 3, pp. 146
147, 1919. :

19 Plummer, F. B., Preliminary paper on the stratigraphy of the Penn-
sylvanian formations of north-central Toxas: Am. Assoc. Petr. Geolo-
gists Bull., vol. 3, p. 140, 1919.

2 Idem, p. 139. i
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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 Sea-
man 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 Geological
- Survey on part of the Ranger and Eastland oil
fields, tells me that in wells in that region a
“lime”’ called the “Smithwick lime” is rec-
. ognized. It averages about 100 feet in thick-
ness, and 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 synthetlc log and
the top of a sandy black limestone or calca-
reous 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 C is the “Smithwick lime.” Then the
“Lower Smithwick shale’” is essentially the
equivalent of the top of the Marble Falls.
Whether paleontology would reveal this rela-
tionship is uncertain, as the fauna might be
more influenced by environment than by time.
A consideration of thickness ratios in con-
nection with those tabulated on page 17 sup-
ports this interpretation. Thus; assuming 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
1: 1.54.
Or, assuming it to begin with the top of unit E
in both wells, we have:
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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 corre.
sponds to the lower part of units C and C’ 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 Smithwick
thicknesses, we have:

C+C’, Rudd, 275 feet, Seaman, 595 feet, ratio
1: 2.16, :

a high ratio; but assigning unit D in the Sea-
man well to the Smithwick we have:

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

which is the highest ratio between correspond-
ing 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 discus-
sion. 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 Sur-
vey, who is making very fruitful researches in
the neglected field of micropaleontology, re-
ports that in the Seaman well the lowest Penn-
sylvanian 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 Mis-
sissippian 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 un-
questionable Pennsylvanian fossils in the sam-
ple from 2,920 to 2,930 feet; probable Pennsyl-
vanian fossﬂs in the sample from 2,945 to 2,950
feet, about 12 feet above the contact; ques-
tionable Mississippian fossils in the.sample from
2,965 to. 2,970 feet, about 3 feet below the con-
tact; and definite Mississippian fossils in the
sample from 2,975 to 2,985 feet. :
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RELATIVE THICKNESS OF THE SECTION IN THE
. TWO WELLS.
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The presence of the ‘‘Lower Bend” lime-
stone in both wells in proportionately nearly

The relative thicknesses of the units are pre- | equal thickness underlying the big unconform-

sented in the following table:

ity that separates it from the Marble Falls

Relative thicknesses of units A to L in Rudd and Seaman wells.

Depth of bage (feet). | Thickness (feet). ®
o : Ratio (Rudd
Unit. to Seaman). Name.
Rudd. | Seaman. | Rudd. | Seaman.
A 2215 2665 ... .oeeieee e ... .| Strawn formation.
B | 2,247 3,045 32 380 1: 11.87 | ““Millsap division.’; N
................... SRS | I
.......... 3,610 565 |\ 4. . g
Cq 252247 3 (;40 } 275 { 30 } 1: 2.165 | True Smithwick shale. .2;;
D | 2,619 3,786 97 46| 1:1505|.2 Ho | “Lower Smithwick shale.” || 2
E | 2,69 3, 840 71 54 1:0.761 £ 8: S _. N 2
Ir2713 3,870 23 30 1. 1303 ° 8 T84 g
G | 2,744 4,015 31 145 14068 |28ITES >
T | 2,805 . 4072 61 57| 1:0.935 | 5E< g
1|2 841 4,132 36 60 1: 1665 | = G
T | 2963 4,320 122 188 | 11541 <
= = 5 ‘6’; . ' ) d
K | 2,985 4,372 22 52 1:2.366 | 5282 | ‘“Lower Bend” limestone. i
L | 8,075 4,519 90 147 1: 1.635 p-"a‘m S | “Lower Bend” shale. R
' b R Bt =g
Total.. .. .ensiinans 860 | 1,854 | 1:2.155 '
Total without ‘“Millsap
division.” .. ... . 0L 328 1,474 1: 178

There is little to generalize about in this table.
The region of the Seaman well, as pointed out
on page 6, was nearer than the region of the
Rudd well to the old land mass from which the
“‘Bend’’ sediments were derived; hence the
section is much thicker there. In some indi-
vidual units, however, this relation is reversed.
Through units C, D, and E there is a continu-
ous decrease in ratios of thickness with increas-
ing deposition of lime, but this relation to lime
deposition does not hold throughout the sec-
tion. ’

It is worth special notice that the dominant
thickness ratio applies also to the ‘‘Lower
Bend” in the two wells, a fact which indicates

that approximately the same land supplied |

sediment to this region during the earlier Mis-

sissippian deposition. This fact opposes the’

assumption, which is. also otherwise improba-
ble, that unit J derived its sediments from a
different source than the overlying members of
the Marble Falls. The apparently greater
sandiness of parts of unit J in the Rudd well
than in the Seaman well may therefore, for
lack of a better explanation, be tentatively
attributed to local currents.

limestone is very surprising. Doubtless the
hardness of the ‘‘Lower Bend”’ limestone
tended to preserve it as the surface bed, but
even so its occurrence in this way, if general,
implies a remarkable planation before the. dep-
osition of the Marble Falls. Possibly the posi-

-tion of both wells near the axis of the ‘‘Bend

arch” (see fig. 1, p. 6) has something to do
with this similarity. It would be interesting
to determine whether any relation exists be-
tween position on the ‘‘Bend arch” and the
erosion of the ‘‘Lower Bend” limestone and
shale before the deposition of the lowest
Pennsylvanian beds.

COMPARISON OF THE SYNTHETIC LOG OF THE
SEAMAN WELL WITH THE DRILLER’S LOG.

Mere hasty inspection reveals at once the
wide divergences between the synthetic log and
the driller’s log, the failure of the driller’s log to
bring out many essential features, and the
error in many identifications. - In part these
errors and inaccuragies are doubtless due to the
special difficulties presented by the section in
the Seaman well, particularly to the mixing of
ingredients in individual beds and the rapid
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 simi-
larities and differences will be pointed out. In
the driller’s log of the Seaman 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 to 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. Appar-
ently the driller mistook flint for sand. The
“Lower Bend’”’ shale is well defined, 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 rep-
resent the dominant lithology of any part of
the section penetrated it is not likely to bring
out those facts which are needed for establish-
ing an accurate correlation. I believe that an
adequate basis for arriving at the stratigraphic
results needed in present-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 mate- :

rials of special significance.

GENERALIZED LOG AND POSITION OF OIL
SANDS.

o 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 sec-
tion are based on average thicknesses in the
Ranger field, as reported by different writers.?

21 Reeves, Frank, unpublished report of the United States Geological
Survey on the Ranger and 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, Pennsylvanian forma-
tions of north-central Texas: Idem, pp. 139-140.

’
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As the Ranger field lies between the two
wells the thicknesses used are also for the
most part intermediate 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 investi-
gation 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
way the possible position in my generalized
section of the oil sands recorded by several
geologists. The records I have used may be
snmmarized as follows:

Reeves.

[Op. cit. The numbers given to the sands in the generalized log, col-
umn 6, P1. 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.” TUsually 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.}

(@) Smithwick 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 [=McCleskey or Ranger sand?], 130 to 225
feet below top of the Marble Falls. Overlain by 110
to 160 feet of gray lime.
(e) Jones sand, 325 feet below the top of the Marble Falls
(Ranger field).
(f) Veale sand (Caddo, Stephens 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. 8. |
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.
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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 Seaman well section is thicker and the
Rudd well section thinner than that at Ranger,
the basis for the identification of oil horizons
that I have suggested in the generalized graphic
log can be readily worked out. If my
attempted identifications are for the most
part nearly right a conclusion bearing on the
theory of the origin of oil is suggested. Almost
all or all the horizons indicated correspond to
the highly glauconitic, phosphatic, 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 decay-
ing organic matter, probably mostly animal
matter resulting from an unusual destruction
of life, seems almost certain. Then the pres-
ence 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 trans-
gressions, and the coarsest sands are the ones
in which oil is generally assumed to accumu-
late. But as almost all these basal sands are
characterized by minerals believed 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.
Local factors, such as cementation, may deter-
mine 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 adja-
cent 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 the
coarsest sandstone from the Seaman well seen
under the microscope occurs at the base of
unit H, one of the beds suggested as equiva-
lent to the Ranger sand, and that in the same
position in the Rudd well a considerable amount
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of coarse sand distinguished by a red ferrugi-
nous stain was found. ,

Obviously an attempt to identify oil sands in
wells which have not been found to be produc-
tive, from general figures and statements as to
their positions, is a very speculative and arbi-
trary proceeding, more likely to express the
preconceptions of the author than to form the
basis for conclusions. From the synthetic logs
of the individual wellsit 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 rep-
resented 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 sands. But there are two such
sands that can be identified with considerable
certainty. 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 Matte-
son’s b, of which he says that it is at the con-
tact 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 unit E (the major portion of the
“Black time’’) but more sandy; hence there is
good reason for believing that sand No. 3
corresponds with the basal bed 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
1t is directly overlain by a considerable thick-
ness 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 trust-
worthy. 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 Ranger 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 basal bed of
unit G, inclusive, constitutes the productive
bed.

NATURE OF THE OIL-PRODUCING BEDS.

The lithologic character 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-
ter are usually rather tightly cemented with
calcite or silica. In thin section none of these
materials appeared porous enough to be good
reservoirs for oil. A. F. Melcher, physicist, of
the United States Geological Survey, who has
made determinations of the porosity of samples
of similar material from north-central Texas,
has reached the same conclusion,? and it con-
sequently appears probable to both of us that
this material is not the source of the large quan-
tities of oil produced in the region. In view of
the fact that in association with one of these
samples and with several basal beds in the Sea-
man and Rudd wells loose grains of coarse sand
were found, it seems more probable that there
are beds of sand or sandstone so loosely ce-
mented that fragments of them are not recov-
ered in drilling and that these beds yield the
oil. This is, however, a question on which
those who have studied it more closely and in
producmg wells are more competent to express
an opinion.

TIME REQUIRED FOR THIS METHOD OF WORK.

I 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 therate 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

21 Oral communication,
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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 sec-
tion 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 be 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 per-
haps 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.
SUMMARY AND CONCLUSIONS.

" In this paper I have attempted to show

that the relative proportions of sand, clay,
and lime as represented in a graphic log called
the percentage log serve to differentiate
distinet lithologic elements in a stratigraphic
section and to help in their correlation between
widely separated wells within a single deposi-
tional basin. The boundaries of these units
are defined in the percentage log either by
sharp changes in the proportions of the con-
stituents or by points marking the maximum
of an oscillation of base-level. Where the
break between two lithologic elements or units
is sharp there usually occurs in the sections
here described at or near the base of the upper
unit a .thin isolated bed containing coarse
glauconite, associated with abundant calcareous
shells or coarse shell fragments, phosphate,
very abundant 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 base-
level is marked by the greatest proportion of
coarse detrital material in a practically unin-
terrupted depositional 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 litho-
sphere at that place at the time of greatest
elevation of base-level (the akinetic surface),
if it can be definitely recognized, should be
taken as the boundary.

\
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Where the percentage composition of the
beds above and below the contact of two units
is the same, however, it may be necessary to
depend on the glauconite bed to mark the
boundary.

Directly observable lithologic peculiarities
have generally been found useful for.separa-
ting ouly the larger, chronologically most wide-
ly separated portions of the section, not for
differentiating the lesser units. .

I wish to emphasize that I do not claim that
the methods used here will be applicable every-
where. In regions of deposits formed very
near shore, including much sandy material,
larger fluctuations may be so confused by
local variations of conditions that it may not
be possible to disentangle them, though I be-
lieve that the method of study by means of
the percentage log is always worth trying.

Under these near-shore conditions also
glauconite probably does not form, as is indi-
cated by its absence at the base of the Strawn
in both wells and at the base of unit B in the
" nearer-shore Seaman well. On the other hand,
as noted above, a typical glauconite layer was
found at the base of a sandy formation, prob-
ably the Strawn, near Richland Springs, in
San Saba County. At least this basal type of
formation would be worth looking for in every
section until the conditions under which it
occurs are better known.

Glauconitic basal beds mark the contact of

the Mississippian “ Lower Bend’’ shale with the
Ordovician Ellenburger limestone and the con-
tact of the Pennsylvanian Marble Falls lime-
stone with the Mississippian ‘“Lower Bend”
limestone. Here 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 strati-
graphic elements, many of which paleontologic
evidence has not yet discriminated. Maybe
these elements can not be recognized paleonto-
logically, but that does not invalidate them, if
they are persistent and can be recognized litho-
logically. Probably these units are not all of
the same order. The determination of their
more exact chronologic and genetic significance
in an analysis of sedimentary processes such as
that outlined by Barrell 2 must await the ac-
cumulation of many more facts. Meanwhile,

8 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 complicated 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 them. Time
and environment are two independent factors
in the change of faunas. 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 may be rather
widely separated. Therefore, the conclusions
that appear to be indicated by fossils can not,
I believe, ofthand 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 obtained from the entire well, but
fossils, even micro-fossils, are generally found
only at intervals. It is therefore always pos-
sible to ascertain a good deal about the lith-
ology and consequently not only to recognize
units but, where distinet 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 drillings have
been referred to in the preceding pages. The
most fundamental of these problems is the ex-
tension and development of correlation by the
work of petrologists and micropaleontologists.
The method and conclusions presented here
need to be checked, refined, and given greater
precision. Othermicroscopic criteria will doubt-
less 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 possi-
bility of finding horizon-markingindex minerals,
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 va-
riety 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 sim-
pler, more direct, and mmempld means of recog-
nizing horizons than the method here presented
they are worth looking for.

Except as a means of locating producmg
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 meta-
morphism—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 observa-
tion in a single well but by compilation of simi-
lar data from a great number of wells, in the
same way that the problems of surface geology
are solved by areal mapping. The acquisition
of the necessary 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 inves-
tigating théem.

Geologists in general should come to regard
the study of well drillings as a field worthy of
special attention. The information 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 oppor-
tunity to acquire records of its subsurface
stratigraphy is gone forever. It is therefore to

!
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be hoped that every effort will be made to pre-
serve complete series of samples from wells
and that central places may be found where
these samples can be stored for pelmanent
reference.
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ORTHAULAX, A TERTIARY GUIDE FOSSIL.

INTRODUCTION.

Since the publication of Dall’s “Tertiary
fauna of Florida” in 1890, when the genus
Orthaulax was for the first time adequately
described, much importance has attached to
Orthaulaxz as a horizon marker. Twenty-five
years later Dall ? voiced current opinion when
he said:

"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 appear in the Vicksburgian fauna or the nummu-
litic Ocala beds of Florida; it seems to have become
extinct before the development of the Qak Grove, Fla.,
fauna. So far it has been recognized in the middle Oligo-
cenc of Santo Domingo, Cuba, Antigua, the Canal Zone
of Panama, the Tampa silex beds, the Oligocene of Bain-
bridge, 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
8o sharply characterized that, according to our present
knowledge, the discovery of a species of Ortheulax in a
Tertiary fauna may be taken as positive proof of its middle
Oligocene age.

Since that statement was written the arbi-
trary boundary between the Miocene and the
Oligocene has been shifted downward, so that
the range in time of Orthaulax as then known
straddles the greater part of the Oligocene and
the lower Miocene of the present standard
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, made necessary a critical study of
all the available specimens of the genus. The
facts assembled in this investigation appear to

1 Wagnor Froe Inst. Sci. Trans., vol. 3.

3 Dall, W. H., A monograph of the molluscan fauna of the Orthaulaz
pugnaz zono of the Oligocene of Tamps, Fla.: U. 8. Nat. Mus. Bull. 90,
p- 86, 1015,

By C. WyrsE CoOXKE.

tus, from Santo Domingo.

me s0 interesting and important that it seems
worth while to restate the old and to put the
new on record. :

THE GENUS. :

Orthauluz is a marine stromboid gastropod
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. Some 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 Orthaulaz.
Huppochrenes 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 Orthaulax the outer lip lacks
the prongs and knobs that characterize many
species of Strombus, Rostellaria, and related
genera. The IBocene genus Calyptraphorus
bears a superficial resemblance to Orthaulax,
but the covering of the spire of Calyptraphorus
seems to be simply enamel spread over it after
the animal attains maturity and is not aninte-
gral part of the shell.

The genus Orthaulaxr was defined in 1872 by
Gabb, who used as genotype Orthaulax inorna-
In 1887 Heilprin
described a new species, pugnaz, 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 marl of Florida, and Maury has recently
added a fourth species, 0. aguadillensis, from
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Porto Rico. Orthaulaz cdepa from Cuba, here
described as new, completes the list of known
species of Orthaulaz.

CRITERIA FOR DISCRIMINATION OF SPECIES.

In discriminating between species of Orthau-
lax several classes of criteria may be used:

The external form of the shell is of value but
can not be relied on as infallible. Cross sec-
tions of 0. tnornatus, 0. aguadillensis, and 0.
caepa, so far as we know, are always nearly
circular, and O. pugnaz and O. gabbi are usually
subtriangular, but many immature specimens
of 0. yabbi are circular. = Orthaulax caepa and
0. aguadillensis each have two forms, a conical
and a hemispherical, which possibly are sec-
ondary sexual characteristics. There may bé
a dome-shaped or hemispherical form of O.

“inornatus also, but it has not been discovered.
The conical forms of 0. inornatus, 0. caepa, and
0. aguadillensis may be discriminated from one
another by the apical angle, which is most
acute in 0. inornatus and most obtuse in O.
aguadillensis.

Of considerable value in discriminating be-
tween species is the cast of the interior. The
casts show the altitude of the whorls and their
rotundity or flatness, features which are con-
cealed by the shell, and the outlines of the
living chamber, which usually differ consider-
ably from the external form.

Trustworthy identifications of some speci-
mens can not be made without cutting. Axial

sections through the apex disclose all the es-

sential features of form and structure. The
onion-like arrangement of the layers of shell and
callus is laid- bare, the outlines, both internal
and external, of the whorls at all stages of
growth can be traced, and the interrelations of
shell substance, enamel, and cavities are plainly
visible. ‘

OCCURRENCE AND STRATIGRAPHIC POSITION
OF SPECIES.

Orthaulax inornatus.—Orthaulax inornatus
Gabb, the type of the genus, was first discovered
in Santo Domingo. Specimens of this species
were collected by Col. T. S. Heneken in 1848 or
1849, but they lay for many years undescribed
in the collection of the Geological Society of
London. The locality at which they were
found is not known. One of Heneken’s Domin-
ican specimens was figured by Guppy in 1876,
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and the figure is reproduced here (PL. II, fig. 5).
Gabb figured specimens of Orthaulaz inornatus
in 1872 from Santo Domingo, but .as he was
addicted to the labor-saving but highly repre-
hensible habit of stuffing his pockets with un-
labeled specimens, the locality at which he
found them is not recorded.

The stratigraphic position occupied by Or-
thaulaxz inornatus in Santo Domingo long re-
mained unknown. Because of the presence of
this species somewhere in Santo Domingo, pre-
sumably in the valley of Rio Yaque del Norte,
Maury * postulated an “Orthaulax inornatus
formation’’ regarding which she says:

No one knows where Gabb found his Orthaulax tnornatus

_because none of his Dominican fossils were labeled more

precisely than ““Miocene, Santo Domingo.”” We presume
however, that it was collected from the basal blue clays
in the eastern part of the Yaqui Valley, where the revolu-
tion prevented our securing sections and collections. For
in the western part of the valley we have gone almost to
the contact of the Tertiary with the older series, and
although a special search was made for Orthaulax we did
not find it. No doubt the Orthaulax zone represents an
older horizon than [any] from which we.ccllected.

Regarding the correlation of this hypotheti-
cal “Orthaulaz formation’ she says:*

The Dominican Orthadla:c' formation is older th;\m those
of Bordeaux and represents approximately the Rupelian
Oligocene of Europe and the Tampa silex beds and White
Beach limestone of Florida. It comes in just above the
Vicksburg limestone.

The expedition to the Dominican Republic,
in 1919 headed by T. W. Vaughan was so fortu-
nate as to procure a typical specimen of Orthau-
laz inornatus associated with so characteristic a
fauna and in beds occupying so unmistakable a
stratigraphic position as to dispel all doubt as
to its age. The Orthaulax was collected on Rio
Yaque del Norte at Baitoa from the lower part
of the Baitoa formation (basal Miocene), which
lies unconformably upon the tilted conglom-
erates and shales of the Tabera formation
(middle Oligocene). The corals and mollusks
with which the Orthaular is associated have
been studied by Vaughan and Woodring, who
correlate them with the Burdigalian fauna of
Europe and with the fauna of the Chipola
marl member of the Alum Bluff formation of
Florida.?

3 Maury, C. J., Bull. Am. Paleontology, vol. 5, pp 456-457, 1917,

4 Idem, p. 458.

5 Vaughan, T. W., and Woodring, W. P., Tertiary and Quaternary
stratigraphic paleontology: A geological reconnaissance of the Domini-
can Republic, p. 96, 1921.
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In the United States Orthaulaz inornatus 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 Tampa, which is regarded as of upper Oligo-
cene age. The species has also been listed by
Dall ¢ from the Chattahoochee formation on
Flint River, Ga., but the specimen so named
in the collection of the United States Na-
tional Museum (an impression of a fragment,
U. S. Nat. Mus. catalogue No. 166787) ‘appears
to be 0. pugnax.

The two large specimens of Orthaulaz from
Cuba which I figured as 0. inornatus * proved,
on cutting, to be different, and they are here
described under the name Orthaulaz caepa.

Orthaulax gabbi.—The stratigraphic range of

Orthaulaz gabbi Dall appears to be very nearly
the same as that of 0. inornatus, but the two
species have not yet been found in the same
beds. Orthaulaz gabbi has not hitherto been
reported outside of Florida, where it is abun-
dant 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
Orthaulaz pugnaz, 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 pugnax.—The type of Orthaulax
pugnaz (Heilprin) comes from the “silex bed”
of the Tampa formation. The species is com-
mon in the lower part of the Chattahoochee for-
mation on Flint River, Ga., and ithas beenfound
also in beds of the same age in Alabama and
“Antigua. My identifications of specimens of
Orthaulax pugnaz from Anguilla ® and from
Panama,® which were based upon external
form alone, are wrong; axial sections show the

0. 8. Nat. Mus. Proc., vol. 51, p. 509, 1916. Plate 88, figure 9, rep-
rosents o specimen from Ballast Point, Fla., U. 8. Nat. Mus. catalogue
No. 165099. .

7 Cooke, C. W., Tertiary mollusks from the Leeward Islands and Cuba:
Carncgie Inst. Washington Pub. 291, p. 116, pl. 2, figs. 1, 2, 1919.

8 Carncgic Inst. Washington Pub. 291, p. 115, pl. 2, fig. 3, 1919.

?U. 8. Nat. Mus. Bull. 103, p. 550, 1919, :
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first probably to be referable to 0. aguadillensis
and the second to 0. gabbs.

The stratigraphic range of 0. pugnaz is there-
fore middle and upper Oligocene.

Orthaulaz aguadillensis.—Orthaulax aguadil-
lensis Maury is widely distributed in the West
Indies but has not yet been reported from the
continents. The type was taken by Reeds
from the Aguadilla liméstone at Aguadilla,
P. R. Tt is probable that some of the speci-
mens of Orthaulaz collected by Hubbard *
elsewhere in Porto Rico belong to this species.
Large casts of Orthaulaz that appear to be refer-
able to 0. aguadillensis have been found on St.
Croix (see Pl. III, fig. 4), and one poorly pre-
served specimen which.seems to be 0. aguadil-

lensts comes from the upper Oligocene Anguilla

limestone of Anguilla. In Santo Domingo this
species has been collected at widely separated
localities; it is fairly abundant but poorly pre-
served in the Cevicos limestone (upper Oligo-
cene) near the east end of the Cibao Valley,
and excellent specimens have been obtained
from beds supposed to be of Miocene age at
two localities in the valley of Rio Yaque del
Sur.

The stratigraphic range of Orthaulaz aguadil-
lensis appears to be upper Oligocene and
Miocene. ‘ :

Orthaulaz caepa.—Orthaulaz caepa Cooke,
n. sp., is known from only one locality, Consola-
cion del Sur, Pinar del Rio, Cuba. Specimens
of this species, which I at first mistook for
Orthaulax inornatus, proved, when cut, to be
more closely related to 0. aguadillensis but to
be different from both. The age of the lime-
stone at Consolacion del Sur is not known, but
it is thought to be upper Oligocene.

Correlation table.—In order that the ‘strati-
graphic positions occupied by the species of
Orthaulaz may be more readily visualized, the
accompanying correlation table has been pre-
pared. The table is not complete but shows
only those formations in which Orthaulax has
been found and enough others to give a strati-
graphic background.

<

10 Hubbard, Bela, Science, new ser., vol. 51, p. 396, 1920.
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Known stratigraphic occurrence of Orthaulaz.

Age. Southeastern United States.{ Dominican Republic. |Porto Ricoand Jamaica.| Leeward Islands. Cuba. Panama.
Yorktown and Duplin for- | Cerros de Sal formation.
Upper- mations. ’
St. Marys formation.« -Mao clay. E Bowden marl. La Cruz marl.
[=]
Choptank formation.a 8
. —_ =
Middle. | Ga1vert formation.a Mao Adentro lime- g
@ stone. -
g e 7
8- Gurabo formation. 2 g
g 8o 2 Gatun formation.
' o R3] .
Shoal River marl A %%
member. £ . 5L
0' . L Cercado formation. § Marl at Baracoa.
’ ak Grove marl &
Lower. member. 2 S
, & ) 8.
Chipola marl member § | Baitoa formation. S,
0. gabbr. :":‘ 0. inornatus. 'S
N L 0
Tampa formation. ,5 Cevicos limestone. Aguadilla limestone. | Anguilla formation | Limestone at Consola- Emperador limestone.
. pugnaz. . = 0. aguadillensts. 0. aguadillensis, and limestone in cion del Sur (posi- 0. gabbs.
Upper. 0. tnornatus. g St. Croix. tion doubtful). .
& 0. aguadillensis. 0. caepa.
g 8 0. gabbs.
8 8
8 =4 ) N .
%” Middl Chﬁl:t bedg on Flint % Tabera formation. Antigua formation. Culebra formation.
e. iver, Ga. £ . pugnaz. :
0. p’ugmx. : 3 i
<
O
Lower. | Vicksburg group.

e Faunal evidence is accumulating, according to T. W. Vaughan, that these formations

:aturn to the opinion stated by Dall in 1904.

classed by him in previous reports as Tortonian (upper Miocene), are of Helvetian (middle Miocene) age. This is
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SYSTEMATIC PALEONTOLOGY.
Family STROMBIDAE.
Genus ORTHAULAX Gabb.

Orthaulaz 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.

Orthaulax Gabb, Am. Philos. Soc. Trans., new ser., vol.
15, p. 234, 1873.-

Hippochrenes (part) Zittel, Traité de paléontologie, 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. _ ’

Orthaulaz Dall, U. S. Nat. Mus. Bull. 90, p. 86, 1915.

The following description of Orthaulaz,
which is quoted from Gabb, 1873, differs from
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. OQuter lip apparently
sharp and simple; anterior notch oblique and broad.

The discovery of this genus fills an important break in
the Rostellarias, uniting the true genus Rostellaria with
Gonrad’s Calyptraphorus. Unlike both of these genera
the canal is not styliform but robust and comparatively
ghort, and its terminal notch is formed by an almost rec-
tangular 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 Calyp-
traphorus, 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 of the spire to the anterior end of
the shell. It carries none of the tubercles seen in Calyp-
traphorus and Tessarolox and seems, unlike most of the
other genera of the family, to have had a simple outer
lip, neither digitate nor notched.

The following excellent description of Or-
thaulaz is taken from Dall’s Tertiary fauna
of Florida: :

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.

1t Wagner Free Inst. Sci. Trans., vol. 3, pp. 169-170, 1890.

°
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At first, when I examined young specimens of a genuine
Orthaulax 1 was -struck by their resemblance to Leio-
rhynus 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-enveloped 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 charac-
ters which are simply part of the process of mineraliza-
tion. The type of Wagneria is a siliceous pseudomorph;
the very thick coating of the spire having heen only par-
tially 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 over-
looked 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.

Orthaulaz 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 specimen.

The following additional remarks on the
genus are added by Dall in the same volume,
page 172, after his description of the species
0. gabbi:

The essential difference between Orthaulax and Hip-
pochrenes, Calyptrophorus, Rimella, etc., is that the invo-
lution of the spire, once commenced, is carried on by the
posterior edge of the last or growing whorl continuously
from the young condition in Orthaulaz,; whilein 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, some-
times straight, sometimes reurved, in which it is shel-
tered; apart from this the spire is enveloped, if at all, not
by any expansion of the lip, but by a deposit of énamel
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 from 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. sopitum 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 Qvulum,
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
suﬂimently distinct Terebellum.

All students appear to agree in referrmg
Orthaulaz to the family Strombidae. Guppy 2
emphasized its relation to Rostellaria macrop-
tera (Hippochrenes) and Zittel ©* refers it to
Hippochrenes. Dall ** at first considered it a
subgenus of Rostellaria but in later works *®
returned it to generic rank. In the latter prac-
tice he is followed by the second English
edition of Zittel’s textbook of paleontology
(1913) and by recent writers.!®

Orthaulax inornatus Gabb.
Plate 11, 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. '

Maury, Bull. Am. Paleontology, vol. 5,. p. 285, pl.
47, fig. 11, 1917. - ’

Orthaulaz inornata Guppy, Geol. Soc. London Quart.
Jour., vol. 32, p. 520, pl. 28, fig. 8, 1876.

In 1873 Gabb described Orthaulaz inornatus
as follows:

Shell broadly rounded-fusiform. Young shell with the
gpire a little shorter than the aperture, suture impressed,
whorls numerous, nuclear whorls three, the subsequent
" ones showing faint traces of occasional thickenings dis-
posed like the varices of T'riton, surface smooth; anterior
end of body whorl marked by a few faint revolving lines,
no posterior canal. Adult shell more distinctly fusiform,
the spire covered by a longitudinally striated incrustation
covering the sutures and extending to the extreme apex.

12 Guppy, R. J. L., Geol. Soc. London Quart. Jour., vol. 32, p. 520,
1876.

13 Zittel, K. A, von, Handbuch der Palacontologie, vol. 1, pt. 2, p.
260; Traité de paléontologie, vol. 2, p. 258, 1887; Textbook of paleontology
(Eastman-Zittel), vol. 1, p. 472, 1900.

. 4 Wagner Free Inst. Sci. Trans., vol. 3, p. 169, 1890.

15U, S. Nat. Mus. Bull. 90, p. 86, 1915; U. 8. Nat. Mus. Proc., vol. 51,
p. 509, 1916. :

16 Cooke, C. W., Carnegie Inst. Washington Pub. 291, p. 116, 1919.
Maury, C.J., Scientxﬁc survey of Porto Rico and the Virgin Islands, vol
3, pt. 1, p. 58 1920.
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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 speci-
men, length 3.75 inches, width 1.5 inches.

Orthaulax tnornatus 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.
Like -those species, it has a circular outline in
cross section. In axial sectionsits most obvious
difference from them is in the thinness of the
enamel, which in O. inornatus is scarcely per-
ceptible but which in both 0. caepa and O.
aguadillensts attains a considerable thickness.
In spite of the slenderness of the outside of the
shell, the living chamber of Orthaulaz inornatus
is more rapidly tapering than that of either
0. caepa or O. 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, Province of Santi-
ago, Dominican Republic, station 8668, Condit,
collector, 1919; Ballast Point, Tampa Bay,
Fla., Post, collector.

Geologic horizon: Baitoa formation, lower
Miocene; Tampa formation, upper Oligocene.

Type: Philadelphia Academy of Natural
Sciences, from Santo Domingo, Gabb.

Orthaulax pugnax (Heilprin) Dall.
Plate II, figures 7, 8; Plate III, figures la—4b.

Wagneria pugnax Heilprin, Wagner Free Inst. Sci. Trans.,
vol. 1, p..106, pl. 15, figs. 36, 36a, 1887.

Orthaulaz pugnax Dall, Wagner Free Inst. Sci. Trans.,
vol. 3, p. 170, pl. 8, figs. 5, 8, 1890; U. S. Nat. Mus.
Bull. 90, p. 87, pl. 15, figs. 5, 10, 1915; U. S. Nat.
Mus. Proc., vol. 51, p. 509, 1916.

Cooke (part), Carnegle Inst. Washington Pub. 291,

p. 115, pl. 2, fig. 4, 1919.

Heilprin described Orthaulaxz pugnax as fol-
lows:

Shell irregularly oval, obconical, flattened, the flattened
appearance 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) as 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 in-
closed in a pointed superstructure, or dome, built over it
by an extension of the mantle; surface covered with lon-
gitudinal lines of growth, which extend continuously
from the apex to the base.

Length (of imperfect specimens, 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 Orthaulaxz 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 genus I believe there can
be no doubt.

As has been pointed out by Dall (see p. 27),
Heilprin mistook a solution cavity in his speci-
men for a natural feature of the shell. Such a
hollow dome would indeed be remarkable.

Orthaulax pugnaz 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 circu-
lar 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 speci-
mens of 0. gabbi, but other specimens of O.
pugnax appear to have proportionately longer
and less top-shaped whorls than O. gabb:.
The most conspicuous difference between the
two species consists in the shape of the posterior
end of the adult shell, which in 0. gabbi is
nearly always more or less rugose but in O.
pugnaz appears to be usually smooth. How-
ever, the range in variation in 0. gabb: is so
great that many specimens are as smooth as
0. pugnaz.

Because of the scarcity of authentic speci-
mens of 0. pugnax and the unfavorable state
of their preservation, no axial sections of speci-
mens from the type area have been cut, and it
is not likely that attempts to cut the available
material would yield satisfactory results. How-
ever, a small specimen from Antigua (Pl. II,
figs. 3a, 3b), which seems to be 0. pugnaz,
shows that the layers of callus are almost
evenly lunate, as in O. caepa, but thicker than
in 0. caepa and not knobby, as in most speci-
mens of O. gabbi. Another small specimen
from the Canal Zone which I had previously
identified as 0. pugnaz '’ shows a tendency to
knobbiness in the ¢allus and also possesses a

. W U.S.Nat Mus. Bull. 103, pp. 550, 553, 1919,
323°3°—22
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much more rapidly tapering living chamber
like that in some specimens of 0. gabbi. I
have therefore referred it to O. 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 Bain-
bridge, Vaughan, collector, 1900, station 3383,
U.S.Nat. Mus. catalogue No. 166787 (labeled
0. tnornatus) ; 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., Pum-
pelly, collector, U. S. Nat. Mus. catalogue No.
115747; 14 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- 170, pl. 12, 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.

Orthaulax 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; nucleus
small, polished, glassy, not differentiated from the rest
of the shell; early whorls with a very distinct, not chan-
neled suture; the whorl in front of itslightly 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 poste-
rior edge of the outside whorl begins to be prolonged back-
ward more and more as the shell grows, so that the suture
thus formed 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, vermetus, or other semiparasitic growth which
may have become attached to the surface of the spire; the
anterior part of the shell has the shape of Leiorhynus; the
pillar is rather thick and slightly recurved, with a moder-
ately distinct fasciole; the canal moderately wide, shorter
than the pillar; the outer lip simple, sharp, a little thick-
ened at the resting stages, but not lirate internally; body
with a moderate callus, which at the resting stages is con-
siderably enlarged, so that when the whorl comes to grow
over it (as it is not absorbed) it produces an irregularity

N
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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 of a
revolution of the whorl around the axis, for which reason,
looking down on the spire, the outline of the shell trans-
verse 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 considerable depth; when the
shell begins to grow again the whorl is carried over this
ridge, which is not absorbed, and the surface is thus ren-
dered, as it were, varicose; the canal is short, strongly
recurved, with a remarkably 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 g 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 dis-
proportionate strength of the ridge at the shoulder, by
which the surface behind the ridge has become flattish,

a8 in a Cassis, but more irregular, and 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 ap-
proximately determined. The maximum diameter is
74 millimeters, and the length about 11 millimeters, of
.which 15 millimeters are behind the shoulder, while, in
the specimen only 68 millimeters long, there are 17 milli-
meters 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 per
mits 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. pugnaz is
noticed under the description of Orthaulax
PUGNAL. . '

Localities: Tenmile Creek, 1 mile west of
Bailey’s Ferry, Chipola - River, Fla., Burns,
collector, station 2212; 1 mile below Bailey’s

.
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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,
Calhoun County, Fla., Dall, collector, 1893,
station 2564; same locality, Vaughan, col-
lector, 1900, station 3419; lower bed at Alum
Bluff, Apalachicola River, Fla., Burns, col-
lector, 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
of Paraiso, MacDonald, collector, 1913, sta-
tion 6515; topmost limestone in Gaillard
Cut opposite Las Cascadas, Canal Zone, Mac-
Donald and Vaughan, collectors, 1911, station
6019-g (two casts of the interior, identification
very doubtful). .
Type: U. S. Nat. Mus. 112218.

Orthaulax aguadillensis Maury.
Plate 1V, figures 2-6; Plate V, figures la, 1b.

Orthaulaz 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.

Orthaulexr pugnax Cooke, C. W. (part), Carnegie Inst.
Washington Pub. 291, p. 115, pl. 2, fig. 3, 1919.

Maury’s description is as follows:

Shell large and heavy; form-of spire short and blunt,
like that of Orthaular pugnaz. This at once distinguishes
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
Orthaulaz gabbi Dall, which is markedly triangular at the
shoulder. The spire measures 45 millimetersin diameter.

A single specimen of this Orthaulax was collected by
Reeds at Aguadillar 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 Orthaulaz is nearest to
0. pugnaz, 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 stratigraph-
ically importantgenus. Moreover, no complete adultshell
of either 0. inornatus or 0. pugnaz 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 associated with
this Orthaulaz, but an echinoderm occurred.

Itis a little surprising that the nearest ally of this Porto
Rican Orthaulex should be not Gabb’s O. tnornatus, from
the adjacent island of Santo Domingo and in the Tampa
and White Beach beds, Florida, but 0. pugnex. The lat-
ter ranges geographically from the Tampa, Fla., beds and
those of Bainbridge, on the Flint River, Ga., to Cuba,
Antigua, and the Canal Zone, and geologically from the
middle Oligocene of Antigua to the upper Oligocene of
the Tampa and Flint River formations..

Orthaulazx aguadillensis resembles 0. caepa in
size and appearance but differs from it in sev-
eral respects: 0. aguadillensis is blunter, the
apical angle being a little greater than 90°,
whereas that of 0. caepa is a little less than 90°;
some specimens of 0. aguadillensis shéw faint
grooves on the anterior part of the shell but
no raised threads such as are found on 0. caepa,

most of the callus on 0. aguadillensts is depos- |

ited just in front of the shoulder and is propor-
tionately somewhat thicker than in O. caepa,
on which the callus is more evenly distributed
and is lunate in cross section.

Localities: Aguadilla, P. R., station 3, Reeds,
collector; road from Cotui to Cevicos on
cast side of Arroyo Blanco east of Loma de
los Palos, Dominican Republic, station 8598,
Cooke and Ross, collectors, 1919; left bank of
Rio Yaque del Sur at upper edge of Los Guiros,
Province of Azua, Dominican Republic, sta-
tion 8572, Condit, collector, 1919; west bank
of Rio Yaque del Sur opposite Palo Copado,
Province of Azua, Dominican Republic, station
8590, Condit, collector, 1919; Crocus Bay,
Anguilla, station 6965, Vaughan, -collector
(identification doubtful). .

Geologic horizon: Aguadilla limestone, Cevi-
cos limestone, and Anguilla formation (%), up-
per Oligocene; Yaque group (?), Miocene.

Type: American Museum of Natural History.
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Orthaulax caepa Cooke, n. sp.
Plate V, figures 2a-3b.

Orthaulax inornatus Cooke, Carnegic Inst. Washington
Pub. 291, p. 116, pl. 2, figs. 1, 2, 1919.

Shell large, heavy, circular in cross section;.
first six whorls, more or less, bare in juvenile
shell but completely enveloped by subsequent
whorls; callus-filled spaces between whorls
evenly lunate in axial sections through the
apex; apex conical, with apical angle of about
85°, or hemispherical; whorl in front of the
shoulder ornamented with fine raised revolving
threads. )

Orthaulaz caepa is intermediate in shape be-
tween 0. inornatus and 0. aguadillensis. Its
apex is blunter than that of 0. inornatus but
more acute than that of 0. aguadillensis. 1t
differs from both in the ornamentation of
spiral threads in front of the shoulder. The
cast of the interior appears to be more slender
than that of either 0. inornatus or 0. aguadil-
lensis, and the whorls of the cast to be more
rounded than those of 0. tnornatus but very
similar to those of 0. aguadillensis. The callus
in 0. caepa is evenly lunate, but that of O.
aguadillensis is asymmetric, the greatest thick-
ness 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. tnornatus.

There are two forms of 0. caepa, a pointed
or conical form and a domed or hemispherical
form. Itis possible that these different shapes.
may be secondary sexual characteristics.

Locality: Consolacion del Sur, Pinar - del:
Rio, Cuba, station 3474.

Geologic horizon: Oligocene (?).

Type: U.S. Nat. Mus. catalogue No. 166980.
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7, 8. Orthaulaz pugnaz (Heilprin) Dall? Cast of interior, 13 miles southwest of Geneva, Ala. U.S. Nat.
Mus. catalogue NO. 328255. ... cueeeeeeerarecaneeiiiiireearecasnecereesaesesese sonmronans 28
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Ficure 1la.
1b.

\ 2.
Sa.

8b.

4a.

6a, b
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PLATE TII.

Orthaulax pugnox (Heilprin) Dall. “‘Silex beds” of Tampa formation. After Dall, 1915, pl. 15,
fig. 5. U. S. Nat. Mus. Catalogue No. 165100... .. ... .. .. ... ... iiiiiiiiiiiiiiiaennnn...

Orthaulax pugnax (Heilprin) Dall. “‘Silex beds™ of Tampa formation. After Dall, 1915, pl. 15,
fig. 10. Same individual as shown in figure la. .

Orthaulax pugnax (Heilprin) Dall. Blue Springs, Ga. U. S. Nat. Mus. catalogue No. 115747.

Orthaulax pugnax (Heilprin) Dall. Antigua. After Cooke, 1919, pl. 2, fig. 4. ‘U. S. Nat. Mus.
catalogue No. 166984. :

Orthaulaz pugnax (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 & small angle to the plane of the axis.

Orthaulax pugnax (Heilprin) Dall. Type, from “silex beds” of Tampa formation. After Heil-

prin, 1887, pl, 15, fig. 36.

. Orthaulaz pugnez (Heilprin) Dall. Type. After Heilprin, 1887, pl. 15, fig. 36a.
. Orthaulax gabbi Dall. Young individual from Chipola marl of Florida. After Dall, 1890, pl. 12,

fig. 5. U. S. Nat. Mus. catalogue No. 112218.. .. .. . ... .. ... ... ..o iiiiiio...

Orthaulax gabbt Dall. Type, X 0.85, from Chipola marl of Florida. After Dall, 1890, pl. 12, ‘

figs. 5a, 5b. U. 8. Nat. Mus. catalogue No. 112218.

. Orthaulax gabbi Dall. Railey’s Ferry, Fla., station 3419.
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PLATE 1V.
. Page.
Orthaulaz gabbi Dall. Alum Bluff, Fla., station 2211. U. S. Nat. Mus. catalogue No. 328254....... 29
Orthaulax aguadillensis Maury. Type. Aguadilla, Porto Rico. After Maury, 1920, pl. 9, fig. 4.... 30

Orthaulax aguadillensis Maury? Anguilla. After Cooke, 1919, pl. 2, fig. 3. TU. S. Nat. Mus. catalogue
No. 166982. : ’

Orthaulaz aguedillensis Maury. Hemispherical form. - St. Croix. U. 8. Nat. Mus. catalogue No.
328261. :

. Orthaulax aguedillensis Maury. Conical form, X 2. Los Guiros, Dominica? Republic. U. S. Nat.

Mus. catalogue No. 328258.

. Orthaulaz aguadillensis Maury. Palo Copado, Dominican Republic. U. 8. Nat. Mus. catalogue No.

328260.
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Fiaure la.

1b.

2a.

2b.
3a.

3b.

PLATE V.

. Page.
Orthaulax aguadillensis Maury. Hemispherical form.: Los Guiros, Dominican Republic; station
8572. TU. 8. Nat. Mus. catalogue No. 328257 . ... .. ... ... .. . i iiiiiiiiiiiiiiiaeiaa 30
Orthaulax aguadillensis Maury. Axial section of specimen shown in figure la, X 2.
Orthavlax caepa Cooke. Type. Consolacion del Sur, Cuba. After Cooke, 1919, pl. 2, fig. 2. U. S.
Nat. Mus. catalogue No. 166980 ....... e et e et e 31
Orthavlaz cacpa Cooke. Axial section of specimen shown in figure 2a.
Orthaulax cacpa Cooke. Hemispherical form. Consolacion del Sur, Cuba. After Cooke, 1919,
pl. 2, fig. 1. U. S. Nat. Mus. catalogue No. 166980.
Orthaulax caepa 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. MErTIE, Jr.

INTRODUCTION.

Two problems that constantly confront the
stratigraphic and structural geologist are the
computation of the thickness of a geologic
section and the computation of distance 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 parts—
a geometric solution, a trigonometric generali-
zation, and simplified methods of computation.
It is the purpose of the present paper to con-
sider these three phases of each of the two
problems above mentioned.

Analyses of these two problems, so essen-
tially a part of the geologist’s work, have
doubtless been previously made, but it is odd
that so little has been published on this sub-
ject, and particularly significant that most of
the published material has been of recent
origin. 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 corvect
stratigraphic 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 progressively 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
material so far published on this subject lies
m its incompleteness. In some of the pub-
Jlished papers the writers have not worked out
gencral formulas but have confined themselves
to the consideration of special cases, the solu-
tion of which, though useful, is not of universal
application. In other articles, in which univer-
sal solutions have been evolved, the treatment
is not well balanced because the above-men-
tioned three phases of each of the two main

problems have not been considered adequately.
Thus, a geometric solution is of interest, but
if that alone comes within the scope of the arti-
cle its value will be impaired because no for-
mula is deduced, and the geologist will have
to repeat the solution for every individual set
of data. The trigonometric solution is of much
more value, but it will not be used by many
workers because it requires mathematical com-
putation. It is very desirable that graphic or
mechanical methods be employed in the solu-
tion of all geologic formulas, first because in
using such methods no knowledge of trigo-
nometry 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 of field 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. 8. T., Some graphic methods for the solution
of geologic problems: Econ. Geology, vol. 9, No. 1, 1914.

Palmer, H. S., Nomographic solutions of certain strati-
graphic measurements: Econ. Geology, vol. 11, No.1,1916.

Palmer, H. S., New graphic method for determining the

depth and thickness of strata and projection of dip: U. 8.
Geol. Survey Prof. Paper 120, pp. 123-128, 1919.

In Hayes's Handbook trigonometric for-
mulas 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 there-
from. 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-vari-
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40 .
able alinement charts for the solution of both
thickness and depth of beds, but only in the
plane perpendicular to the strike of the for-
mation. 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 con-
struction 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 stratum, 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 con-
junction with the two charts above mentioned.

4. The construction of a trigonometric com-
puter for the graphic solution of all trigono-

metric formulas that may be used in geologic

field work.
THICKNESS OF STRATA.

OUTLINE.

It is required to find"the thickness of geo-
logic 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 begin-
_ ning and end points of a traverse.

SHORTER CONTRIBUTIONS TO GENERAL GEOLOGY, 1921,

in elevation between the two stations, (c) slope
distance between the two stations, (d) hori-
zontal distance between the two stations.
Therefore four sets of data are given, and these
together with the answer (thickness of strata)

will necessarily produce a trlgonometnc equa-
tion of five variables.

GEOMETRIC CONSTRUCTION.

In the first publication by Palmer, previously
mentioned, the general formula for this prob-
lem 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 slope 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 S,.
Let s be the slope distance between the two

.stations S, and S, (traversed distance), b the

horizontal distance between the two stations,
¢ the difference in elevation between the two

stations, and ¢ the angle of slope of the hillside.

Let a be the azimuth angle of the traverse, or
angle between the di-
rection of traverse and
the strike of the forma-
tion, and let & be the
angle of dip of therocks.
It will be assumed that
s and ¢ are given. By
revolving the right tri-
angle S;5,0 from its
vertical position down-
ward 90° on OS as an
“axis into the plane of
‘reference, ¢ and b may -
also be measured.

Let S,T be the strike

S

FIGURE 2.—Geometric representation of the thickness of a stratum when the dip of the stratum and the rela-
tive positions of a point on the upper surface of the stratum and another on the lower surface are given.

2. The azimuth angle between the strike
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 fol-
lowing measurements will suffice: (a) Angle of
slope between the two stations, (b) difference

8 of the beds. It will also

be the trace of the base
of the stratum to be
measured upon the reference plane. Through
O, the horizontal projection of S, upon the
reference plane, draw OM parallel to S,T. Lay
off ON=0S,=¢. Then, ¢ and § being known,
the right triangle NOL, which has been re-
volved downward 90° on OL as an axis into the
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plane of reference, may be measured, thus deter-
mining the distance OL. The line LK drawn

parallel to ST is the trace of the top of the |

stratum upon the reference plane. Draw a
line connecting and perpendicular to LK and
S/T. Such a line, EH, is the distance between
tho traces of the outcrops of the base and top
of tho stratum, upon the horizontal plane.
When & and EH are known the right triangle
HDE may be revolved 90° upward on EH as an
axis into tho plane of reference and the thick-
ness of the stratum (DE or £) may bo measured.

TRIGONOMETRIC FORMULA.

The trigonometric solution from this con-
struction is as follows:

t=R+RE) sin §
HR =5 sin «

. HR=ssin o cos o

and h=s cos o
and e=s¢ sin ¢

s sin o
- RE= tan 6

Hence

. SSiIlo' .
t=(s sin « cos ¢+ tan 8)s1n 1)

=g (sin « sin & cos ¢+ cos § sin o)

When the 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=s (sin e sin 8 cos o +cos dsin o) .. _(1)

GRAPHIC REPRESENTATION OF THE FORMULA.

GENERAL PRINCIPLE.

Computations may be performed numer-
ically, graphically, mechanically, or by a com-
bination of methods. Numerical solutions
of formulas require the use of logarithmic
tables and are avoided when possible chiefly
because they require too much time. It is
highly desirable to represent formulas graph-
ically or to compute them by some mechanical
device based on a graphic 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 computation and reducing greatly the lia-
bility of errors in the result. If a variety of
formulas are being used, it will perhaps be
found more convenient to perform the com-
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putations by means of some universal com-
puting machine, such asa slide rule.

The formula for the thickness of a stratum,
as above given, is one that may be used re-
peatedly in certain kinds of stratigraphic work
or only occasionally in other kinds but cer-
tainly 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 greater liability to error than a
graphic computation; and third, the.accuracy
of the answer, if five-place logarithmic tables
are used, is much greater than the character of
the original data justifies. The matter of
needless accuracy is often overlooked by geol-
ogists, with the result that meaningless figures
and incongruous results are sometimes pub-
lished. 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 obser-
vation of the strike or dip of rocks. The
answer to the formula should obviously be no
niore accurate than the least accurate of the
component variables. For example, it is very
doubtful whether determinations of strike or
dip can be made with an error of less than 1°.
But even if 1° represents the maximum prob-
able error in careful work, it must be remem-
bered that geologic strata do not by any means
have mathematically perfect surfaces. There-
fore an additional possibility of error is intro-
duced in the liability of the measured direction
of strike or dip of surface to change within a
comparatively short distance, thus vitiating
a most carefully made measurement. IExtreme
accuracy in computation of geologic formulas
is therefore neither needful nor desirable, and
graphic methods should be used.

The graphic representation of a formula is
commonly accomplished by means of Cartesian
coordinates, but this system has serious draw-
backs when equations of more than two varia-
bles 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

t=s (sin a sin & cos ¢ £ cos & sin o)

comprises five variables, namely, ¢, s, «, 8, and
o. Equations of three variables are most easily
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represented by means of a nomograph or aline-
ment chart, which in reality is a system of plot-
ting by means of parallel coordinates. Three

excellent treatments of this method of graphic.

analysis have been written, by D’Ocagne,t

-Lipka,? and Peddle,® and the reader is referred
to their publications for an understanding of
the theory of the alinement chart.

In plotting the above formula Palmer * used
their three-variable nomograms, thus necessa-
rily solving the formula by several independent
operations. Thus sin 6 and cos ¢ were mul-
tiplied in one operation, and the product mul-
tiplied by sin « in a second operation. Cos &
and sin ¢ were multiplied in a third operation.
The products of the second and third opera-
tions were then added numerically by a fourth
operation, and this sum multiplied by s in a
fifth operation, to solve for t. Three charts
were required for these operations, one to mul-

tiply sines by cosines, a second to multiply:

numbers by sines, and a third to multiply num-
bers by numbers. Moreover, as the nomo-
graphic solution with parallel scales, which is
the one employed, is essentially a method of
addition and subtraction, and as all the above-
mentioned operations that were performed
graphically involve multiplication, all the cal-
ibrated 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 pro-
nounced in logarithmic scales of the trigo-
nometric functions. By the method here used,
the solution of the equation

t=35 (sin « sin 6 cos o +cos & sin o)

is effected by a compound operation, in which
a single chart and natural instead of logarith-
mic functions are employed.

The above equation, containing five varia-
riables, can not be plotted directly by any
method in two dimensions known to the writer,
but by separating it into two parts and equat-
ing each of these to some auxiliary variable, the
equation may be readily charted. Thus the

1 D’Ocagne, Maurice, Traité de nomographie, Paris, Gauthier-Villars,
183 9I.':ipka, Joseph, Graphical and mechanical computation, New York,
19: BI.’eddle, J. B., The construction of graphical charts, 2d ed., New York,
19}gl;zzlmer, H. 8., Nomographic solutions of certain si:ratigraphic meas-
urements: Econ. Geology, vol. 11, 1916,
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equation may be written in two parts as
follows:

@)

where ¢’ is the introduced auxiliary variable.
Equation (2) is a problem in division or, when
written t=t’ s, 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, how-
ever, natural scales may be employed in multi-
plication and division, and this is the method
which has been used.

Equation (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 in-
dicated by the symbol +. This equation, how-
ever, presents a difficulty in that it expresses
a relationship between four variables—that is,
t', @, 8, and o. If one of these variables could
be regarded as a constant, the equation would
be reduced to a three-variable type. The
obvious solution consists in assigning to one
variable a series of fixed values and com-
puting 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 de-
veloped, and the composite result will be a series
of curves expressing the third variable in terms
of the fourth. These curves may be joined to-
gether by a set' of auxiliary curves, drawn
through points of equal value of the third va-
riable, and a gridwork of intersecting curves
will be formed which will express graphically
the true relationship between the third and
fourth variables.

In the practical application of this method
the variable ¢’ 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 natural
functions, the scale of ¢’ for each solution is the
same, and a common support for the scale ¢’
may be used. Three parallel supports are
therefore used to plot the variables e, ¢/, and ¢.

t'=sinasindcosoc + cosdsino._.
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The variables 8 and o are expressed in a grid-
work of curves lying between « and ¢, and the
viriable s is plotted upon a diagonal line con-
necting opposite ends of the ¢’ and ¢ scales. As
no numerical value of ¢’ is required, the support
of the ¢ scale is not calibrated. Thus in the
operation of the chart a point upon the o scale
representing some value of « is connected by a
straight lmc with & point which represents given
valucs of 6 and ¢ in the gridwork of curves and
produced to meet the uncalibrated scale t'.
The intersected point is then connected by an-
other straight line with a point on the diagonal
line representing some value of s and projected
to the ¢ scale, the reading on which shows di-
rectly the thickness of the stratum, vein, or
formation.
' MATHEMATICAL ANALYSIS.

EQUATION (2).
The equation t=1¢'s may be written as

S () =1, W) f; (w)

where t=wu, t'=v, and s=w. In figure 3, let ¢’
and ¢ be plotted upon two parallel straight-line
scales, oppositely directed. The diagonal line
joining the zero ends of these two scales will be
the locus of the scale 2 and will be considered
to have a lcngth of k. Draw any nomographic
index line joining the ¢’ and ¢ scales and 1nte1-
secting the 2z scale. In the diagram,

yix::k—z:z2
T=i
=z Y
The above equation is evidently in the form
Ji () =f, @)-fyw. Therefore, assighing scale
moduli of m, and m, respectively to f,(u) and
J2 @), we may say that

z=m,f,(w) and y=m,f, ®)
As ¢’ 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
alinement chart is used. The method of analy-
sis is that used by Lipka:* Hence the equation
becomes

mfi (W) =p=; * mf, @)

or
m,z

fi () = i—2) - @)

® Lipka, Joseph, Graphical and mechanical computation, pp 65~66,
New York, 1918.

Therefore
o mz
m,(k—2)

o) fs(w)

and from the solution of thls equation it is
found that
m, f, (w)

From equation (4), by substituting the specified
moduli and values of f;(w), a series of values of
z can be computed, which will represent the
calibration of the diagonal scale, or scale of s.

z=Fk 4)

EQUATION (3).

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

'~ ¢/=sin a sin 8 cos ¢ +cos § sin ¢
or , ‘
t' —sin & (sin § cos ¢) =cos & sin ¢
If some definite value is assigned to ¢, so that
cos ¢ and sin ¢ become temporarily constants,
the equation may be written

Sfiw) —=£,0). filw) =f,(w)
where ' =u, a=2, and §=w. In this form we
have an equation of three variables, one of

P —— TS ———- N

» t
FIGURE 3.—Diegram to illustrate the method of calibrating tho dmgona.l
scale of a Z chart.

which (w) occurs on both sides of the equation
as two different functions—that is, f;(w) and
fiw). 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, represent-
ing the functions f;(x) and f,(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®
being followed very closely.

In figure 4, let « and ¢’ be plotted on two
parallel straight lines, as shown; and let & 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 perpendicu-
lar to both. In this way a system of rectan-
gular Cartesian coordinates will be assured.
Take for an origin of such a coordinate system
the intersection of k with the ¢’ scale. Draw
any nomdgraphic index line connecting the
and ¢’ scales and cutting the § scale. From
the intersection of the index line with §, draw
a line parallel to k& to meet the « scale and
another parallel to the a scale to meet k.
From the- intersection of the index line with

R

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

2 kz .
oz =nﬂn;ﬂ)—) and 7= m,fy(w)
Solving the first equation, we find that

e T B

And solving the second equation and sub-
stituting in it the value of z, frome quation (5),

we find that s f ()
my+m, f, (w)

The values z and 2, are the rectangular co-
ordinates of any point on the curvilinear scale,
representing a definite value of 8, measured
from the intersection of % and the t’ scale as
an origin. The locus of the curvilinear scale
8 can then be determined, for a series of as-
signed values of & will give the coordinates of
a series of points which may be joined
together into a smooth curve.

To plot such a curve, however, a fixed
value was assigned to the variables. There-
fore for every assigned value of o anew curve
will result. In the preparation of the chart
a series of such curves may be computed
for a regular series of values of ¢. If only

z= SO ;) |

¢t

U VU
i
‘
1]
!

a single curve were charted it would be cali-
brated in terms of 8, in a way similar to the

FIGURE 4.—Diagram to illustrato the method of determining the locus of the
curvilinear scale in an alinement chart congisting of two parallel straight-

line scales and a curvilinear scale.

the ¢’ scale, draw a line parallel to k. In the
diagram,
y—z:s—x::k—2 12

sy —zz,=kz—kx—zz,+z2
kr—zx+z y=Fkz
(k—2) z—2zy=Fkz
\

This equation is evidently in a form éimilar
to the one to be plotted—that is,

Silw) —£,0). fi(w) =f,(w)
Therefore, assigning scale moduli of m, and m,
respectively to f;(u) and f,(v), we may say that

z=m,f,(w) and y=-—mf,(v)

6 Lipka, Joseph, op. cit., pp. 106-107.

parallel straight-line scales. But with a se-
ries of such curves the points on each curve
that represent like values of & are joined
together, forming auxiliary intersecting
curves that may be regarded as loci of definite
values of §. The original curves may then be
regarded as loci of definite values of ¢, and we
shall have a series of intersecting curves repre-
senting the relationship between the variables
é and o. . '
PREPARATION OF CHART.

The complete formula for the thickness of a

‘| stratum was charted by the methods here

described. (See Pl. VI.) The details of the
process have to do mainly with the selection
of suitable scale moduli and the selection of
such values for the variables s, ¢, 8, and ¢ that
the resulting scales will have an adequate and
balanced calibration.

Little need be said of the preparation of
equation (2)— that is, t=t’s. From the pres-
ence of the + sign'in the general formula it
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results that both a positive and a negative
scale for both ¢’ and ¢ are required. A scale
modulus of 10 was adopted for the original
drawing, calculation of the ¢ scale being thus
eliminated. The ¢’ scale, though uncalibrated
in the finished chart, was calibrated for pur-
poses 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 prepara-
tion of this scale as well as in the preparation
of the e scale. The numbers 1, 2, 3, etc., might
have been used on the ¢ 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 s scale has accordingly
been numbered to accord with this conven-
tion.

In the plotting of equation (3)—that is, ¢’ =
sin a sin § cos o + cos § sin c—one point in par-
ticular requires explanation. For the posi-
tive form of the equation, only positive values
of ¢ will result, but for the negative form of the
equation both positive and negative values of
¢’ will be obtained. Hence two nets of é and o
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 § and &
scales, both positive and negative « scales were
drawn, and only one & and ¢ network. In
using the chart, therefore, the positive values
of a are used for a solution of the normal or
positive form of the general equation, and the
negative values of @ in solving the negative
form of the general equation. This procedure
is indicated on the chart.

As stated, the curves of § and ¢ will ordi-
narily be calculated by some system of coordi-
nates and joined together into smooth curves.
In the case of this particular equation (¢’ =sin
a sin § cos o4 cos & sin o), however, the com-
pensating form of the functions of & and o—
that is, sin é cos ¢ against cos § sin ¢—results in
a series of curves which are most easily pre-
pared by a projective method. It is unneces-
sary to go into an analysis of the method, but
a statement of the method used is given. Itis
stated above that a preliminary sine calibra-

tion was used on the ' scale. The positive
32333°—=22 4

and negative end points (90° positions) of the
a scale being used as points of projection, two
series of radiating lines were drawn to the
points of sine calibration on the ¢’ scale. The
intersection of these two sets of radiating lines
gave the loci of the required curves. Each of
these curvesis tangent to the base of theisosceles
triangle that bounds the network, and each
emerges to intersect both sides of this triangle.
Each curve serves a double purpose, therefore—
as a ¢ curve and as a curve of the complemen-
tary value of 8. 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. KEvery curve cuts every other curve,

and hence an intersecting point for values of 5

and ¢ can always be found.  Only one equivo-
cal condition will be noticed, and that is where
complementary values of 6 and ¢ 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 § curve and a ¢ curve—that
is, one limb of the curve will be regarded as a
8 curve, and the other limb as a o curve. The
o or angle of slope calibration was carried up to
90°, and this is open to criticism by field geolo-
gists, for hillsides of greater slope than 30° are
rare. But the chart is also intended for meas-
uring geologic sections in mines as well as in
the open, and for this purpose the complete
range from 0° to 90° for ¢ is required.

A small index chart showing five hypothetical
points joined by a compound nomographic
index line has been added as a guide to anyone
using the chart.

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 o ‘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 up-
ward and the negative one starting at the
middle and extending downward. TUse 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
intersection in the 6-¢ gridwork of curves.
With a straight edge, or a transparent straight-
line index, connect the point on the o scale
with the 6—o Intersection, and the continua-
tion of this line will give an intersection on the
t’ scale. Then connect the intersection on
the ¢’ scale with the point on the s scale which
represents a given value of slope distance, and
the continuation of this line gives an intersec-
tion on the ¢ scale, which when read shows the
thickness of the strata. It will be noticed
that both the ¢’ and ¢ scales are divided into
upper and lower parts, just as the a scale is.
Also there are two s scales. When the first
operation gives an intersection on the upper
t' scale the second operation is performed
likewise on the upper s and ¢ scales; and con-
versely when the first operation gives an inter-
section on the lower ¢’ scale the second opera-
tion is performed on the lower s and ¢ scales.

The s and ¢ 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 slide-
rule 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, o, s, and ¢ may be known, and it is desired
to find 8. A line connecting the ¢ and s scales
will intersect the ¢’ scale. If thisintersection is
connected with the given point on the « scale,
the resulting line will intersect the given o line
at a point which when read will show the
required value of é.

DISTANCE TO A STRATUM.
OUTLINE.

1t 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.
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3. The azimuth angle between the strike of
the rocks and the line conneeting these two
stations. i

4. The azimuth angle between the strike of
the rocks and the direction of the tunmel,

_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 considered the beginning and end points of
a traverse, any two of the following measure-
ments will suffice: (¢) Angle of slope between
the two stations, (b) difference in elevation
between the two stations, (¢) slope distance
between the two stations, (d) horizontal dis-
tance between the two stations. Therefore six
sets of data are given, and these, together with -
the answer (the tunnel distance), will neces-
sarily 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 stra-
tum,”” 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 stratum—will be
charted.

GEOMETRIC CONSTRUCTION.

Let S, (fig. 5) be the starting point of the
tunnel, shaft, or drill hole, and let S, be a point
which is on the surface of the stratum that is
to be intersected but is not in the horizontal
plane through S,. Let S, and S, be repre-
sented by their projections on the horizontal
plane through S, and let S,T be the strike of
the stratum at S,. The line S,C, parallel to
S,T, is also the strike line,- and AB is any
reference line through S, in the horizontal
plane. Also let & be the horizontal distance
from S, to S,, s the slope distance, e the differ-
ence of elevation, ¢ the vertical angle at S,
between the horizontal plane and the station
point S,, and « the azimuth of the line joining

S, and S, with reference to the strike line.
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Pass a vertical plane through S, and S, and
revolve this plane about the line joining the
projections of S, and S, into the horizontal
plane. The station S, will fall on S,” and the
right-angled triangle S,S,S,” will show in true
proportions the quantities o, s, h, and ¢. Pass
a vertical auxiliary plane, perpendicular to the
line of strike, through S,. Its trace on the
horizontal plane is the line P,. Lay off S,S,”’
equal to ¢ and draw S,”’L’, making the angle
S,L’S,’" equal to §, the dip of the stratum at
station S,. On revolving the right-angled tri-
angle S,S,’’L’ 90° about the line S,L.” and then
90° about the vertical through S,, the point L’
will fall on L. Through L draw the line LM

FIGURE 5.—Geometric representation of the distance to a stratum when
the dip 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 of the line of measurement are given.

parallel to the strikeline. Theline LMis the line
inwhich the dipping stratum intersects the hori-
zontal plane through S,, and the strike line S,T
is the line of intersection of the dipping plane
with the plane through S,C and the station S,.

Let S,K be the projection of any sloping tun-
nel or drill hole which makes an angle p with
the horizontal plane and has an azimuth g
with reference to the strike line. Through
S,K pass a vertical plane. This plane will cut
the strike line S,T in point T and the line LM
in point M. If we revolve this plane about
S,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 S, 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 S,K’ in K’.
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The line T'M is the revolved trace of the verti-
cal auxiliary plane through S M and the dip-
ping stratum through S,, the point K’ is the
revoved position of the point in which S, K
pierces the inclined stratum, and M’ is the
revolved position of the point in which the
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 S,
of the line in which the dip plane is cut by
plane P,, the horizontal plane through K.

The distance S,K’ is the length of the tunnel
required and is to be derived in terms of the
known slope distance s and angles ¢, §, and p.

TRIGONOMETRIC FORMULA.

From the figure:

8,K'= S K

cos p

_h sine_ssinacosc

5T= sinf  sinp
S,L e 1 _ ssing

™= sinB tans sinB sin B tan o

M’ - HM
MK =M'K’ cos p=l\£ﬁ— cos p
but MM’ =S,M tan p = (S,T+TM) tan p

ssin o >tan
smﬁtan& P (a),

_(/8sin a cos L
sin B
__ S tan p’
sin B8 tan §
™ s$sin ¢ : )

HX I—cos p sinfBtandcosp "
T'H=e~HT=ssinoc—TM tan p

g sin o

(sin « tan & cos ¢ +sin o)

=g sin a—mtanp )
s sin ¢ .
=W (sm Btan 6 —tan p)

Then by substitution from equations (a), (3),

and (¢), ) )
MEK — $ tan p _sin a tan 6 cos o +smn o
sin 8 tan 6 sin B tan §—tan p
From the values of ST, TM, and MK just
found

S,T+TM—

ssin o
sin 8 tan &

$sin ¢ cos o
sin B

s . .
=SB tans (sin a tan § cos ¢-sin o)

__stanp
MK = sin B tan &

sin & tan § cos o +sin o
"sin B tan §—tan p
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Adding these two last equations and factoring,

we get
. 1
sin B tand— tan p

S, K =s(sin @ tan § cos ¢ +sin o)

and as'
,_SK

S,K.
cos p

Therefore
S,K’=s (sin « tan § cos ¢ +sin o)

1
"cos p (sin B tan §—tan p)

By means of a similar though simpler con-
struction it may be shown that the formula for
“depth to a stratum” is d=s (sin «a tan § cos
o +sin ¢), in which the term sin ¢ is positive or
negative as is determined by the value of o.
It therefore appears that the expression

1
cos p (sin B tan §— tan p)

in the equation for the value of d is a factor
which must be applied where the hole is other
than vertical. If the hole or shaft is vertical
this factor reduces to unity.

In the construction above given, the angles
o and & have been drawn in opposite directions,
and also the angles ¢ and p in opposite direc-
- tions. 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 follows:

d=s¢ (sin « tan & cos o +sin o)
1 .-
"cos p (sin B tan o+ tan p)

The following rules govern the use of this
composite formula:

Use +sin ¢, when ¢ and & are in opposite direc-
tions.

Use —sin ¢, when ¢ and 6§ are in the same direc-
tion.’

Use+ tan p, when ¢ and p are in opposite direc-
tions. ,
Use —tan p, when ¢ and p are in the same direc-

tion.

GRAPHIC REPRESENTATION 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.
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Consider the formula d=s (sin « cos ¢ tan &
+ sing). This may be split into two formulas,
like equation (1), and plotted by the same

methods. Inserting an auxiliary variable ¢/,
we have
’ y=4 ®)
U
¥ =sin « cos ¢ tan d4sin o ____ __(9)

These two equations have been plotted exactly
as equation (1) was plotted, and the result is
shown on Plate VII. The two charts, Plates
VI and VII, are analogous in every respect, .
and no further explanation is required.

USE OF CHART.

' The depth to a stratum is computed from
the chart (Pl. VII) exactly as the thickness of
strata is computed from Plate VI. All direc-
tions are identical.

GRAPHIC SOLUTION OF RIGHT TRIANGLE.
' OUTLINE.

In the consideration of the two preceding
problems of thickness of strata and distance

7 ;

F1GURE 6.—Right-angled triangle showing the relations ofslope distance,
horizontal distance, difference of elevation, and vertical angle between
two station points.

to a stratum, it has been assumed, in the right
triangle determined by the two stations S,

|and S, and the plane of reference (see fig. 6)

that the slope distance and angle of slope were
given. It may be, however, that instead of
s and o any one of the five additional combina-
tions is given as follows: ¢ and &, ¢ and ¢, s and

h,sande,or hand e. It is desired to derive

graphically the values of s and ¢ when any of
these combinations are given.

TRIGONOMETRIC FORMULAS.

It'may be seen at a glance that the solution
of this problem is essentially a graphic repre-
sentation of the sine, cosine, and tangent con-
ditions of a right triangle. The formulas in-
volved are as follows:

e=ssino......_...._._(10).
h=scoso____....___-_(11)
e=htano________..___. (12)
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COMPUTATION OF THICKNESS OF STRATA AND DISTANCE TO A STRATUM.

Each of these equations is in such form that it
may be written f, (u) = f,(v) - f;(w), and as
shown before such equations are best plotted
by means of the Z type of alinement chart.

PREPARATION OF CHART.

The method of plotting such equations has
already been described, in connection with the

D A
cos o scale
-
N e
o P
- .
2N )
22 .
: <L
9 :
S 5
® US)
-
®
e P
@
< PN
S Ofw
& scale
C B

F1GurE 7.—Diagram illustrating the combination of three alinement
charts for the solution of right-angled triangles.
plotting of equation (2). Two straight-line
parallel scales, oppositely directed, are used to
plot fi(w) and elther of the other two variables,
in this instance f,(w). Both of these are nat-
ural scales. A straight line join-
ing the zero ends of these two
scales carries the scale of the
third variable, f,(v), and the
calibrations are calculated by
means of equation (4), as already
“explained. . B
In order to plot in one diagram el
all three of these equations, it is
pecessary to use one or more of
the same scales in different solu-
tions. Equations (10) and (11)
have in common the variable s,
wherefore it has seemed best to
make a common scale of s, in the
solution of these two formulas.
In figure 7 the values of ¢ are
plotted on CD, the values of sin -
¢ on AB, and the values of s on
the diagonal joining the zero ends -
of these two scales. Two other

”
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The chart is now complete except for the
solution of equation (12), which expresses the
tangent condition. For this, the scales ¢ and
h, already plotted, are used in conjunction with
a scale of tan ¢ which is plotted on the line BD.
An index of two lines intersecting at right’
angles is used, such as EG and FH (figure 8).
The method consists in passing the line EG
through the given points on the ¢ and A scales
and then sliding the index along EG until the
line FH passes through C. In this position the

.| angle DCF=g¢, and it is required to compute a

calibration of tan ¢ on the line DB so that a
reading indicated by the line HF on DB will
give the required value of o.

In figure 8
DC:DS:sin (135°—¢):sin o
DS — DCsineg _ DCsine
“sin (135°—0¢) sin (45°+0)
_-DC . sin o
“sin 45° sino +cos o
‘DS=DB - ——2% __, ____(13)

sin o + CO0S o

Therefore the tan ¢ calibration, expressed in
the diagram by successive values of DS, was

FIGURE 8.—Diagram illustrating the use of an alinement chart for the solution of the tangem

condition in rlght-angled tna,ngles

lines, however, AD and CB, may be drawn to computed by multiplying the length of the

complete the square, and on these the values
respectively of cos ¢ and A may be plotted. In
this way a chart composed of five lines is pro-
vided for the plotting of e, k, s, sin o, and
cos 0.

sin o
sin o +cos o.

The chart representing the complete solu-
tion of a right-angle triangle is shown in
Plate VIII. It is of universal use in the

diagonal DB by the expression
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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. Three small index dia-
grams have been added as guides in the use
of the chart. For the convenience of geolo-
gists, for whom this chart has been primarily
constructed, the terms vertical distance, hori-
zontal 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 reasons
stated on page 45.

USE OF CHART.

A straight edge or, better still, a piece of
transparent or semifrosted celluloid with a

black line ruled on the underside is required |-

to solve equations (10) and (11). TIf, for ex-
ample, ¢ and h are given, connect the ¢ value
on AD (fig. 7) with the & value on BC, and the
intersection on AC will give the value of s.
Or if ¢ and s are given, connect the ¢ value on
AD with the s value on AC, and the continua-
tion of this line intersecting BC will give the
value of b on BC. Similar solutions are used
‘when ¢, s, and ¢ 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 ¢ and h;
on CD and BC, respectively, and the other re-
quired to pass through the point C. Then the
continuation of the line passing through C
will show on DB the value of o.

TRIGONOMETRIC COMPUTER.
OUTLINE.

Two good reasons exist for the use of a trig-
onometric computer. First, the geologist or
surveyor will have numerous formulas to solve
which, though essential, are not frequently used.
It would be impracticable to have an aline-
ment chart for every such formula, and it
would be a laborious task to prepare so many
such charts. Second, such charts, when re-
duced 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 some graphic computing
device, which is accurate enough for general
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purposes and compact enough to be carried
without difficulty in the field. The straight
slide rule at once suggests itself as an instru-
ment for this purpose, but it is open to two
main objections—it is not of convenient shape
to be easily and safely carried, 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 car-
ried in a notebook, just as a protractor is car-
ried. The principal practical advantages of
this type of computer may be summarized thus:

1. It is compact and portable.

2. It enables all computations, 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 space 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 cotan-
gents 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 z inches long,
for multiplication and division, which is to
range from a scalar value of ¥ at one end to a
scalar value of z at the other end, the scale
modulus (M)\ is expressed as follows:

T
M= log y—log 2
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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COMPUTATION OF THICKNESS OF STRATA AND DISTANCE TO A STRATUM.

the size desired for the finished product.
Angular magnitudes are to be plotted, and as a
circle is measurable in degrees, the same
formula applies if z is considered to be the
angular extent of the scale. If several con-
centric circles or a spiral of several turns is
used to plot some one function, the circular
scale modulus is expressed thus:

[ £360
log y—log 2

where ¢ 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 from sin
90° to sin 0° 45’ is almost 2, and it therefore
requires twice aslong ascale
to plot the desired range of
~ sines as to plot the usual
numerical scale. If thenu-
merical scale is plotted to a
whole turn (360°), the sine
range will require two turns,
andif an answeris to be read
off in sines, it will be am-
biguous, as the index will
give two possible values.
To avoid this result an
angular range of 180° was
used for the numerical scale,
which places the entire sine
scale in one turn. The
usual numerical calibration
therefore takes but half of
one turn, and to prevent
the index from yielding an
answer in the uncalibrated .
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
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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

Zero line

TRIGONOMETRIC COMPUTER

J.B.Mertie,Jr.
USGS.

INSTRUCTIONS "
Multiplication; Set multiplicand to stationary index &
moeable index to zero line. Clamp movable index to
Jower support, and bring multiplier to movable index.
Product will appear under stationary index.

Division: Set dividend to stationary index and movable
index to divider. Clamp movable index tolower sup-
port, and bring zero line to movable index. ~Quotient

§ will appear under stationary index.

scale therefore takes awhole TFIGURE 9.—Trigonometric computer for the solution of such problems as are readily solved with the

turn.

The tangent scale, if pletted with the same
angular range as the sine scale, requires twice
as long a scale as the sine scale, and in order to
obtain this range the tangent scale is plotted
in a two-turn spiral, the same circular scale
modulus being used as before. As a result,

12-inch straight slide rule.

turns freely, but the other is attached at the
outside to the underlying support and is thére-
fore immovable. It is intended that the
freely moving index may be attached tempo-
rarily to the underlying support by pressure
with the thumb and one finger.
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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 multipli-
cand is set under the stationary index; the
movable index is set to the zero line of the
scale; and 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 divi-
sion, 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
digits, and by using complementary angular
values he can read the natural cosines and
cotangents. Secants and cosecants, though
rarely used, may be obtained by taking the
reciprocals respectively of cosines and sines.

SHORTER CONTRIBUTIONS TO GENERAL GEOLOGY, 1921.

As before stated, there is a twofold numer-
ical range from 0.01 to 1 or from 0.1 to 10. In
multiplying numbers by numbers, it is im-
material 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 trigo-
nometric functions, however, the true meanings
of these two number scales must be utilized if
the required answer is to be read as a trigo-
nometric function. These two scales in reality
represent any two number scales with a loga-
rithmic 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. {

Itisrecommended that the computer 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.



STRAT IGRAPHIC SECTIONS IN SOUTHWESTERN UTAH AND NORTH-

WESTERN

ARIZONA.

By Jon~ B. REEsIDE, jr., and HARVEY BASSLER.

INTRODUCTION. .

The stratigraphic data contained in this
paper were gathered in the autumn of 1919
during the course of a reconnaissance of part

as the stratigraphy of the region has features
of general interest it has seemed worth while"
to record our observations, though they are
somewhat scattered.
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FIGURE 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 informa-
tion as to the possibility of the occurrence of
petroleum in that region. As very few de-
tailed 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 drain-
age basin—in fact, it might be considered to be
within the northern confines of the Grand
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Canyon district. It contains deeply dissected
areas in which the rocks are well exposed.
The climate is arid, but farming by irrigation
is very 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
(fig. 10). -
STRUCTURE.

The dominating structural features of the
region are the north-south faults of the Great
Basin system. The famous Hurricane fault

crosses it (see fig. 10) and, it is believed, the

SHORTER CONTRIBUTIONS TO GENERAL GEQLOGY, 1921.

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, Wash-
ington dome, and Bloomington dome. Other
minor folds occur here and there but are
relatively unimportant elements in the general
structure of the region. '

STRATIGRAPHY.
GENERAL SECTION.

The rocks of the region are classified in this
paper as follows: :

Gleologic formations of southwestern Utah and northwestern Arizona. -

System. Series. " Formation.

Member.

Thickness

Character of rocks. (feet).

Quaternary.

Alluvium, dune sand, etc.

Tertiary(?).

Basalt flows with associated boulder beds.
and cinder cones.

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

1, 5004

Cretaceous(?).

Buff sandstones with some intercalated

shale. 1,000+

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

140

Juragsic.

Greenish-gray, cream-colored, and brown
fossiliferous marine limestone, under-
lain by brick-red sandstone, shale, and

gypsum.

4604

Massive cross-bedded sandstone, red in
lower part and white above, the boun-
dary between the colored parts varying
in position from 2 level near the middle
to the top.’

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

Series.

Formation,

Member.

Character of rocks.

Thickness
(feefo),

Triassic.

Upper Trias-
s1c.

Chinle for-
mation.

‘Brick-red to deep-red shale and sand-
stone.

200

Massive medium-grained mauve sand-
stone, cross-bedded and ripple-marked.

90

Brick-red sandstone and shale.

420

Variable coarse arkosic cross-hedded
sandstone, banded with gray, white,
and mauve and containing fossil wood.
Locally known as the “Silver Reef
sandstone.”’

2

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

260

Upper Trias-
sic(?).

Lower Trias-
sic.

Shinarum p
conglomer-
ate.

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 of brown sandstone, with lines and
lenses of pebbles of chert, quartz, silici-
fied wood, and rarely igneous rock;
fossil logs abundant.

115

Brick-red to deep-red and brown shale
and sandstone; upper part very dark;
locally contains massive beds of yellow
medium-grained sandstone.

475+

Shnabk aib
shale mem-
ber.

Gray to white sandy shale and soft sand-
stone, with some pink layers and much

gypsum.

360-630

Red beds similar to those underlying the
Virgin limestone member.

4354

Moenkopi
formation.

Virgin lime-
stone mem-
ber.

Three layers of earthy yellow limestone
separated by yellow and red calcareous
shale.

11-160

Red to brown shale and sandstone, with
soft tan sandstone near base and layers,
streaks, and veinlets of gypsum through-
out.

360+

Rock Can-
yon con-
glomeratic
member,

Variable assemblage of shale, limestone,
gypsum, conglomerate, and a minor
amount of sandstone.

0-288
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Geologic formations of southwestern Utak and northwestern Arizona—Continued.

System. Series. Formation.

Member.

Thickness

Character of rocks. (feet).

member.

Harrisburg
gypsiferous

Gypsum, shale, and limestone, with platy
chert. Locally the “ Bellerophon lime-

0-2804-
stone” at top. .

Kaibab lime-

Permian.
stone.

Carboniferous.

Massive cliff-forming cherty gray lime-
stone, with locally a thick limestone
breccia in lower part.

185-455

Soft beds resembling basal member. 80-285

Massive gray limestone with much chert. | -150-230

Gypsum, gray and yellow shale, soft gray
sandstone, and some thin-bedded dark-
drab limestone.

0-100

Coconino

Permi'fm - sandstone.

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

90+

Supai {forma-

Pennsylva-
tion.

nian (?).

Brick-red sandstone and shale in the
southeastern part of the region, chang-
ing northwestward into a yellow mas-
sive sandstone with only patches of
pink color.

1,300-1,500

Pennsy 1 v a-

man. Redwall

limestone.
Mississippian.

'

Dense siliceous %ray limestone, with
some sandstone layers; mostly heavy
bedded; light gray on fresh surface,
;la.rk gray and brown on weathered sur-
ace.

1,500+

As the field work dealt chiefly with the for-
mations 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 iden-
tifications supplied by him, as well as a state-
ment of their bearing on the stratigraphy, are
included in the appropriate places.

REDWALL LIMESTONE.

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

with some sandstone layers, mostly heavy-
bedded, 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 silici-
fied 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 cor-
relation 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 Beaver-
dam Mountains. In this locality the upper
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part of the formation has been altered locally
by mineralizing solutions and bears deposits
of copper of commercial value.! 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 sand-
stone 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? divided the limestones beneath
the Supai sandstone in the Muddy Mountains
of Nevada into three formations. The upper-
most, the Callville limestone, contains Penn-
sylvanian fossils and may in part represent
what is here called Redwall limestone.

.SUPAI FORMATION AND COCONINO SANDSTONE.

The names Supai formation and Coconino
sandstone were applied by Darton® to parts of
the ‘“ Aubrey sandstone’’ of the earlier students
of the region. In the Shinumo quadrangle,
Ariz.* (see fig. 10, locality 23), the Supai for-

“mation consists of hard fine-grained cross-
bedded 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 islocally as much as
1,400 feet thick. The Supail formation 1is
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.

1 Longwell, C. R., Geology of the Muddy Mountains, Nev., with a
section to the Grand Wash CIiffs in western Arizona: Am. Jour. Sci.,
5th ser., vol. 1, p. 46, 1921.

3Darton, N. H., A reconnaissance of parts of northwestern New
Mexico and northern Arizona: U. S. Geol. Survey Bull. 435, pp. 25-27,
1910. .
4Noble, 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 on 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 feet, which contains the apparent
equivalent of the Coconino—an upper deep-
yellow 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 sand-
stone 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 deep-
yellow sandstone, a middle white sandstone,
and a lower cream-colored sandstone and prob-
ably represent the Coconino sandstone. In
the section on the Arrowhead Trail through the
Beaverdam Mountains (section 20, p. 76) the
Coconino and Supai 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 grad-
ually change toward the northwest into a mas-
sive yellow sandstone with no real red and
only a little pink coloring. The total thickness
of sandstone seems to vary but little in the sec-
tions examined, though the apparent equivalent
of the Coconino sandstone thins steadily.
Longwell’s work ° in the Muddy Mountains
of Nevada and the Virgin Mountains of Arizona

& 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 indicate an uncon-
~ formity beneath or within the Supai formation,
though continuous tracing might disclose it.

Schuchert® 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.

KAIBAB LIMESTONE.
The “Upper Aubrey’’ or “ Aubrey limestone”

~ of the older literature of southern Utah and

northern Arizona was named the Kaibab lime-
stone by Darton,” the name Aubrey being re-
tained in its broad sense, as a group term, to
include the Supai formation, the Coconino sand-
stone, and the Xaibab limestone. In the Shi-
numo quadrangle, Ariz.® (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 sand-
stone, locally a conglomerate of soft sandstone
pebbles, 20 feet thick, ared and white calcareous
sandstone 135 feet thick, a buff crystalline sili-
ceous 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 topo-

graphic and lithologic division—(1) a lower soft |

member consisting of gypsum, gray and yellow
shale, soft gray sandstone, and subordinate
amounts of thin-bedded dark-drab limestone;
(2) a lower cliff-forming member of gray mas-
sive limestone with much brown to black con-
cretionary chert; (3) an upper soft member
with much the same character as the lower
one; (4) an upper massive cliff-forming lime-
stone which is similar to the lower one but con-
tains 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, (), less resistant

6 Schuchert, Charles, On the Carboniferous of the Grand Canyon of
Arizona: Am. Jour. Sci., 4thser., 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.

8 Noble, L. F., The Shinumo quadrangle, GrandCanyondlstnct Ariz.:
U. S. Geol. Su.rvey Bull. 549, p. 70, 1914.
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than the underlying beds and highly variable in
composition and thickness, consisting of shale,
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 breaks into

flat platy fragments; at many places the upper

layers contain many small angular fragments of
chert. Incoloritislight gray, yellowish brown,

pink, and rarely a sugary white. The sand-
stone 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 enter
into the same divisions at all localities. How-
ever, over as long a stretch as that along the
Hurricane fault scarp from a point some dis-
tance 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 sev-
eral 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 pecu-
liar and characteristic rocks. It may be rec-
ognized, 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 thick-
ness 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 desig-
nated “Super-Aubrey beds”’ by Huntington
and Goldthwait. The uppermost limestone

9Huntmgton, Ellsworth, and Goldthwait, J. W., The Hurricane
fault in the Toquerville district, Utah: Harvard Coll. Mus Comp. Zool.
Bull., vol. 42, p. 203, 1904.
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A, COCONINO SANDSTONE AND KAIBAB LIMESTONE IN HURRICANE FAULT SCARP, 6 MILES
SOUTH OF HURRICANE, UTAH.

The Supaiformation may be represented at the base.

L

B. CLOSER VIEW OF MIDDLE PART OF SCARP C. UPPER PART OF KAIBAB LIMESTONE AND BASAL
SHOWN IN 4. MEMBER (ROCK CANYON) OF MOENKOPI FORMATION
IN VIRGIN CANYON, 13 MILES WEST OF VIRGIN

CITY, UTAH.
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A. VIEW NORTHWARD TOWARD SMITH'S MESA FROM A POINT JUST SOUTH OF VIRGIN CITY, UTAH.

Benches in foreground are the Virgin limestone member of the Moenkopi formation. Cliffs in background are the Moenkopi for-
mation capped by the Shinarump conglomerate and supporting an outlier of the Chinle formation. The white Shnabkaib shale
member of the Moenkopi forms a conspicuous band.

B. PANORAMA ALONG EAST SIDE OF COALPITS WASH, NEAR GRAFTON, 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 followed by the Chinle formation and the massive red and white burassic sand-
stone, which forms the West Temple of the Virgin (Steamboat Mountain) in the background.



STRATIGRAPHIC SECTIONS

beds locally contain an abundance of a species
of Bellerophon and are the ““Bellerophon lime-
stone’’ of some of the earlier geologists.

The Kaibab limestone of our area, as is shown
in the data here presented, differs from that of
the typical area in the absence of definite large
sandstone units. This difference is apparent
even in Hacks Canyon and Toroweap Valley.
The upper cherty limestone of the Shinumo sec-
tion (see p. 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 sand-
stone to our lower slope-forming member.

Longwell * found in the Muddy Mountains
of Nevada that the Kaibab limestone contained
four divisions much like our four lowest mem-
bers described above. The Harrisburg gyp-
siferous member, if present, is placed in his
Moenkopi formation. The  thickness ranges
from 400 to 700 feet. o

In tabular form the thickness of the several
units in our sections may be stated thus:

Thickness of members of the Kaibab limestone, in feet.

[ an | 1 =Ys) Q.S
e 18 |4 § |2 |2
2 = 8 g g 2
2.1 e S . le S g
BE IS, | 2B E. |28 2
Section.a| g | 88 | 28 | 85 | & I
we | 8° | Yo gt o) 2
38 | 4 ~8 | 2 ~ B k]
2 o ® - o ¥4
A 5] 2, 3 e —_
5 £ I B S 8
oy Q © 1)
s} =) ) s = =
1.. 190 315 125 | 180 20 830
2. 190 | 185 175 | 225 | (?) 775
L R P PR, 225 | 195 147 |.......
5. . 160 404 oo el
6........ 02 [ 400  Jeoeeofeeei it
7.. 0? 400 225 | 215 108 948
8... 160? | 260 200 ; 230 80 930
9... 150 280 100 | 2004 |.......f.......
10.. 0?
1....... 0?
14.. 280+ @) (?) ) ) 1,059
15....... 02 oo e
16. . 272 IS S PR O P P
17.. 2597 | 315 285 [ 160+ [-ceeooifonnnnn.
18.. 110 2504 Jo e e
19. . o) 137 455 80 | 220 65 957
20. . 184°? 195 260 | 170 115 924
23.. 75 200 165 40 20 490

o Numbers refer to detailed sections given on pp. 69-77, except No. 23
which is the section in the typical area in the Shinumo guadrangle, an
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.

glomerate.
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IN UTAH AND ARIZONA.

MOENKOPI FORMATION.

The name Moenkopi formation was applied
by Ward to the beds known in the older
literature as the lower division of the “Shina-
rump group,”’ bounded below by Carboniferous
limestone and above by the Shinarump con-
A generalized section compiled
by Gregory** 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 type 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 sand-
stone, 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.

Shimer ¥ traced the Moenkopi formation
from the type locality to Hurricane, Utah,
and found it, though variable in composition,
to extend over the entire area as a series of
“thin-bedded red shales and sandstones, sep-
arated at usually rare intervals by limestone
lenses.” :

In the area reconnoitered by us the beds
that lie between the Carboniferous limestone
and the Shinarump conglomerate and are
referred to the Moenkopi formation are much
thicker than at the typical locality. They
may be grouped into five persistent lithologic
units, with another discontinuous one at the
base of the formation. The persistent units
are (1) lower red beds, consisting of red to
brown shale and sandstone with soft tan sand-
stone near the base and gypsum throughout in
layers, streaks, and veinlets; (2) a limestone
member consisting normally of three layers of
yellow earthy limestone separated by yellow
and red calcareous shale and carrying abundant

© W Ward, L. F., Status of the Mesozoic floras of the United States:
U. 8. Geol. Survey Mon. 48, pt. 1, pp. 18-19, 1905,

2 Gregory, H. E., Geology of the Navajo country: U. S. Geol. Survey
Prof. Paper 93, p. 23, 1917. .

18 Shimer, H. W., Permo-Triassic of northwestern Arizona: Geol. Soc.

5thser., vol. 1, p. 48, 1921.

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, lo-
cally containing massive beds of yellow me-
dium-grained sandstone. The writers propose
the name Virgin limestone member for the
second unit above the basal conglomerate mem-
ber of the fermation, 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
flank of the Washington dome, and which is
still known by its old Indian name.** (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 re-
lation of these units to the whole formation.
The basal discontinuous unit is an exceed-
ingly 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 miles north of Antelope
Spring, Ariz. A detailed section at this locality
is given on page 70 (section6). The limestone
is 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 meay lie at any strati-
graphic level in the basal unit. Locally the
included limestone fragments are angular and
the material is really a breccia, though at most
points observed they are rounded or only sub-
angular. 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 feet wide and 250 feet deep has been | stone member seems to be represented by a

¢éut into the Kaibab and filled with a confused
mass of limestone, shale, gypsum, and conglom-

14 Shnabkaib issaid by Dr. J. P. Harrington, of the Bureau of American
Ethnology, to be most probably a corruption of shéna’agaiv, from
shéna’a, coyote, and gaiv or kaib, rocky hill, or mountain.

SHORTER CONTRIBUTIONS TO GENERAL GEOLOGY, 1921.

erate. This mass contains thin veins of
asphaltite and zones impregnated with as-
phaltic material. )

Lee *> 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 contain-
ing the Virgin limestone fauna rest on a thin -
conglomerate, and this in turn rests on cherty
fossiliferous Kaibab limestone. Longwell 1
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 Wash-
ington dome, just west of the Harrisburg dome
(section 15, p. 74), the Rock Canyon conglom-
eratic unit is 288 feet thick, and the lower
red beds are 320 feet thick. In the Bloom-
ington 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, 124 miles southwest of Free-
donia, Ariz. (section 3, p. 70), the Virgin lime-

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.
18 Longwell, C. R., op. cit., p- 49.

Y
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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
part of the Moenkop1 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 exten-
sion 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 anticline and
northwest of St. George; along the Arrowhead
Trail to Los Angeles they make up a consider-

able part of the upper red-bed unit. Though.

they nowhere stand up in massive cliffs they
suggest in their position the De Chelly sand-
stone of Gregory, which occurs in eastern
Arizona between the usual red beds of the
Moenkopi formation and the Shinarump con-
glomerate.

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 mem-
ber at many places contains disseminated
lead, zinc, and copper sulphides in small
amount.

Huntington and Goldthwait " give a section
of the Moenkopi formation near Toquerville,
about halfway between our two complete sec-
tions, 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

17 Huntington, Ellsworth, and Goldthwait, J. W., The Hurricane fault
in the Toquerville district, Utah: Harvard Coll. Mus. Comp. Zool. Bull.,
vol. 42, p. 203, 1904.
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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 accu-
racy of this section.

Near Cedar City, Utah, Lee ** measured sec-
tions which show a total thickness of 2,650 feet
for the beds here called the Moenkopi forma-
tion. 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 ** found that in the Muddy Moun-
tains-of Nevada the Moenkopi formation con-
sists of thin-bedded limestones, shale, and sand-
stone. The thickness ranges from 1,200 to
1,600 feet, of which the lower half is predomi-
nantly marine limestone and the .upper half
continental deposits.

Apparently the red beds of the typical
Moenkopi formation pass westward and north-
westward into marine limestones. The thin
limestone 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 2° found in Kanab Valley a lime-
stone 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 ‘‘Bellerophon limestone’ of the
Kaibab formation and the Shinarump conglom-
erate. 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 con-
glomeratic member of the Moenkopi, the varia-
tion 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 show an erosion interval. Evi-
dence of an erosional interval at this horizon

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

. | Bull, 316, p. 362, 1907.

1 Longwell, C. R., op. cit., p. 49. :
20 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,* Walcott,” Dake,? Lee,* Gregory,®
Shimer,? and Longwell ?” have all cited evidence
of its presence over a wide area and of its con-
siderable magnitude.

" SHINARUMP CONGLOMERATE.

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 P1. X.)

The name was originally given by Powell 2
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
sonie 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
is irreégular 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 (sec-
tion 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 Kanab-
Fredonia road, the conglomerate is 40 feet
thick.

The Shinarump locally contains crusts of
iron and manganese oxidés which are high in

st Powell, J. W., Report on the geology of the eastern portlon of the
Uinta Mountains, U. 8. Geog. and Geol. Survey Terr., 2d div., 1876.

3 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.

3 Dake, C. L., The pre-Moenkopi (pre-Permian?) unconformity of
the Colorado Plateau: Jour. Geology, vol. 28, pp. 61-74, 1920.

34 Lee, W. T., General stratigraphic break between Pennsylvanian
and Permian in western America [abstract]: Geol. Soc. America 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.

36 Shimer, H. W., Permo-Triassic of northwestern Arizona: Geol. Soc.
America Bull., vol. 30, p. 494, 1919.

37 Longwell, C R., Geology of the Muddy Mountams Nev., with a .

section to the Grand ‘Wash Cliffs in western Arizona: Am. Jonr Sci,,
5thser., vol. 1, p. 49, 1921,

3 Powell, J. W., Report on the geology of the eastern portion of the
Uinta Mounta.ms, pp. 53, 68-69, U. S. Geog. and Geol. Survey Terr., 24
div., 1876.
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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 by
Gregory #* to the beds above the Shinarump
conglomerate and below the Wingate sand-
stone. Gregory was able to distinguish four
persistent divisions, which are, in ascending
order, (1) dark-red, light-red, chocolate-col-
ored, 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 character-
istic 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
feetin thickness. Nolimestones 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 sand-
stone is overlain by 420 feet of brick-red shale
and sandstone, forming a slope. Next comes
a massive medium-grained cross-bedded ripple-
marked 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 sand-
stone is locally known as the ‘“Silver Reef
sandstone,” as it is said to be the zone which
in the Silver Reef, near Leeds, Utah, contains
the fossil logs impregnated with silver minerals

3¢ Gregory, H. E., Geology of the Navajo country: U. S. Geol. Survey
Prof. Paper 93, pp. 42-43, 1917.
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-

A, CHINLE FORMATION AND OVERLYING MASSIVE JURASSIC SANDSTONE IN ZION CANYON
ABOVE SPRINGDALE, UTAH.

B, CROSS-BEDDING IN WHITE UPPER PART OF MASSIVE JURASSIC SANDSTONE 12 MILES NORTH OF
ST. GEORGE, UTAH, ON ST. GEORGE-MODENA ROAD.
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that in the eighties supported several flourish-
ing mining enterprises.*

The mauve cliff-forming sandstone is the
“mauve sandstone’” of Huntington and Gold-
thwait.®* 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* observed at a locality
near Cedar City, Utah, 520 feet of red shale and
sandstone resting upon the Shinarump con-
glomerate, 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 ®
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 mas-
sive sandstone described below, whose basal
" part, at least, is probably equivalent to the
Wingate sandstone, and the Shinarump con-
glomerate. TLongwell?* refers to the Chinle
formation in Nevada as a variable assemblage
of conglomeratic sandstone, finer -sandstone,
and gypsiferous shale. Its thickness ranges
from 800 to 3,000 feet. :

Walcott found in Kanab Valley a fossiliferous
zone ** 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 far-
ther west. The fossils were fish and reptilian
teeth, Estheria, and a fragment of an ammo-
nite and are said to suggest Jurassic rather
than Triassic relationship.

JURASSIC SANDSTONE.

Gregory ** assigned three formations in east-
ern Arizona and western New Mexico to the
La Plata group—the Wingate sandstone below,

8 Butler, B. 8., and others, Ore deposits of Utah: U. 8. Geol. Survey
Prof. Paper 111, pp. 582-594, 1920. N

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

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

_Bull. 316, p. 362, 1907.

8 Lee, W. T., Early Mesozoic physiography of the Southern Rocky
Mountains: Smithsonian Misc. Coll., vol. 60, No. 4, p. 22, 1918,

8 Longwell, C. R., op. cit., p. 51.

85 Discussed in Cross, Whitman,and Howe, Ernest, Red Beds of south-
western Colorado and their correlation: Geol. Soc. America Bull., vol. 16,
Pp- 486-487, 1805,

s Gregory, H. E., Geology of the Navajo country: U. S. Geol. Survey
Prof. Paper 93 p. 52, 1917.
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the Todilto formation in the middle, and the
Navajo sandstone above. The Wingate sand-
stone 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 char-
acteristic 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. The Navajo sand-
stone is tangentially cross-bedded massive yel-
low to red sandstone with a few thin layers of
blue limestone. Itisresistant and cliffi-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 cross-
bedded 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 character-
istically forms arches, and the upper part
weathers to rounded pinnacles and domes.
(See P1. XI, 4, B.). Upon this white sand-
stone 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 ero-
sional remnants on the white sandstone. It
seems to belong rather to the succeeding unit
than to the sandstone. Only one measure-
ment of the thickness of the sandstone was
attempted, and that with rather unsatisfactory
results. This measurement was made by tri-
angulation from Coalpits Wash, just west of
Zion Canyon, on the west side of the West
Temple of the Virgin, or, as it is locally known,
Steamboat Mountain, and gave a total thick-
ness of 2,100 feet, mostly in sheer wall. There
appears here to be no break of any kind in the
sandstone wall; not even a single soft layer is
observable. Farther east, toward Kanab,
Utah, the sandstone is less massive and con-
tains softer layers. To the west, near St.
George, Utah, the same is true; in fact there
appear to be many softer layers, and the sand-
stone forms a number of benches. Northwest
of St. George, in the valley of Santa Clara
Creek, the unit again takes on a massive cliff-
forming character and stands in high, sheer
walls with the top weathered into rounded
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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 seems
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 ¥
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 * 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 ®
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 © found in the Muddy Mountains of
Nevada a cross-bedded sandstone ranging from
800 to 2,000 feet in thickness, resting upon the
Chinle formation. He correlated this unit with
the La Plata group.

Whether this Jurassic sandstone of south-
western Utah and adjacent regions represents
the entire La Plata group of Gregory may be
questioned. It seems to be identical with Em-
ery’s Wingate sandstone* of the San Rafael
Swell region and with the Wingate of Lee’s Coal
Creek section. Dake # believes that it repre-
sents 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 unconform-
able on the Chinle formation at some places.

We saw no evidence of this unconformity in

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

8 Lee, W. T., The Iron County coal field, Utah: U. S. Geol. Survey
Bull. 316, p. 362, 1907. . )

8 Lee, W. T., Early Mesozoic physiography of the southern Rocky
Mountains; Smithsonian Mise. Coll., vol. 60, No. 4, p. 22, 1918.

4 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,

2 Dake, C. L., The horizon.of the marine Jurassic of Utah: Jour. Geol-
ogy, vol. 27, pp. 634-646, 1919 (1920).
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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, cream-
colored, and brown marine fossiliferous lime-
stone 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 val-
ley between the sandstone and the limestone
and are but poorly exposed. Their total thick-
ness 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 Valley. 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 Pen-
tacrinus stem joints, Trigonia sp.like -T. ameri-
cana, and’ a small Ostrea were recognizable and
fix the age as undoubtedly that of the marine
Jurassic of the region. )

Lee ©® 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 * measured near Glendale
a section with 8 feet of red shale near the
base, overlain by 292 feet of fossiliferous lime-
stone and shale. Dake ® 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.

CRETACEOTUS (?) 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. Geol. Survey
Bull. 316, p. 362, 1907.
44 Stanton, T. W., unpublished notes.
4 Dake, C. L., The horizon of the marine Jurassic of Utah: Jour.
Geology, vol. 27, pp. 634-646, 1919 [1920].
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shale, with a little thin limestone in the upper
. part and some platy sandstone 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 un-
conformable on the underlying beds.

Lee * noted near Cedar City a similar unit
350 feet thick; Stanton,”” near Glendale, Utah,
the same, 550 feet or more; and Dake,”® near
Teasdale, the same, over 375 feet.

CRETACEOUS (?) SANDSTONE.

Resting upon the variegated shale just de-
scribed is a series of buff sandstones with some
intercalated shale. These are visible at many

places along the lower flanks of the Pine Valley "

Mountains, north of the region covered by our
work. A section of these sandstones was made
at Diamond Valley. The lower 90 feet of this
series is light-gray to brown sandstone, mostly
soft but with some hard layers and a little gray
and purple shale. This sandstone shows stem
imprints and carbonaceous matter. Above it is
a thin layer of very dense reddish and blue-
- gray quartzite, and upon this 30 feet of gray
shale and carbonaceous sandstone. Above
this lower part comes 750 feet, more or less, of
heavy-bedded buff sandstone, of which the
lower 300 feet has soft sandstone layers and

shale between the harder sandstones, but the |
upper 450 feet is buff sandstone with one.

reddish layer. Above the rocks just described,
at the point of measurement, wash and basaltic
lava conceal the bedrock. No fossils were
observed other than the impressions of plant
stems mentioned.

Lee # found on Coal Creek, near Cedar City,
above the shale which rests upon the marine
Jurassic limestone an unconformity marked by
a conglomerate, followed by 780 feet of varie-
gated shale and gray or light-colored sandstone,
upon which rests 125 feet of gray and yellow
sandstone, with coal and minor shale layers
and carrying Cretaceous fossils. Above these
coal-bearing beds in Lee’s section is exposed
455 feet of sandstone with 4 minor amount of
shale and limestone and carrying marine

46 Lee, W. T., The Iron County coal field, Utah: U. S. Geol. Survey
Bull. 316, p. 362, 1907.

4 Stanton, T. W., unpublished notes. : '

48 Dake, C. L., op. cit.

4 Lee, W. T., The Iron County coal field, Utah: U. S. Geol. Survey
Bull. 316, p. 362, 1907.
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Cretaceous fossils. Richardson * 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 sand-
stone, gypsum, and marine limestone represent-
ing the Cretaceous (% shale and Jurassic
limestone of this paper. Richardson ® also
found in the valley of Virgin River near Mount
Carmel a series of beds including, in ascending
order, 15 feet of conglomerate, 400 feet of coal-
bearing shale and sandstone, 700 feet of shale -
with marine fossils, and 1,000 feet of alternat-
ing sandstone and shale containing marine and
brackish-water Colorado fossils near the base.
On these beds rests 10 feet of conglomerate,
then 700 feet of fresh-water sandstone and shale
possibly of Montana age, then another conglom-
erate, probably Tertiary. Stanton ® found
near Glendale, 6 miles from Mount Carmel, 91
feet of coal-bearing gray sandstone and shale
resting on the Cretaceous (?) variegated shale

.above the marine Jurassic. Upon this coal-

bearing unit rests 1,000 feet, more or less, of
drab sandy marine shale of Colorado age, and
upon this, in the section examined, 280 feet
of brown sandstone and shale with Colorado

fossils.’ _
TERTIARY (?) SANDSTONE.

Above the buff Cretaceous sandstone series
is exposed in the flanks of the Pine Valley
Mountains a pink sandstone series. At a point.
near Diamond Valley, 3 miles south of the local-
ity where the buff sandstone was measured, an
exposure of 1,500 feet of these pink sandstones
was examined. It consists of massive sand-
stone beds, yellow with some red staining and
separated by soft sandstone, much of it red in
color, and red shale. As a mass this series is
pink and contrasts sharply with the lower buff
sandstone series. So far as could be deter-
mined by inspection from a high point several
miles away, the base of this exposure is very
close to the to pof the Cretaceous (?) sandstone.
Intervening outcrops piercing the wash and
lava cover aid in judging this, though continu-
ous tracing is impossible.

5 Richardson, G. B., The Harmony, Colob, and Kanab coal fields,
southern Utah: U. 8. Geol. Survey Bull. 341, p. 381, 1908.

st Richardson, G. B., unpublished notes.

52 Stanton, T. W., unpublished notes.

'
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TERTIARY (?) AND QUATERNARY ROCKS.

Basaltic flows, apparently of late date, in
places little weathered and with only a thin
soil cover, occupy considerable areas of the
region. Associated with them are local thick
boulder beds and here and there cinder cones.
(See Pls. XII; XIII, B.) At some places
large areas of dune sand occur, notably that 8
miles southeast of St. George. Along Virgin
River alluvial flats supply land for irrigation
farming.

AGE OF THE FORMATIONS.

The Redwall limestone at the locality of its
typical occurrence is believed to be in part
Mississippian and in part Pennsylvanian. In
the Beaverdam Mountains we collected Mar-
ginifera aff. M. splendens (catalog No. 3059)
at a horizon 650 to 700 feet beneath the top of
the formation, and Chaetetes milleporaceus (cat-
alog No. 3061) at a horizon about 1,000 feet
“beneath the top. G. H. Girty reports both
these species to indicate either Pennsylvanian
or Permian age. It is therefore probable that
at least 1,000 feet ofthe Redwall limestone, as
here conceived, is Pennsylvanian.

The Supai formation, Coconino sandstone,
and Kaibab limestone for years were consid-
_ered to represent the Pennsylvanian. The
evidence accumulated from many sources,
however, is increasingly in favor of a correla-
tion of all three formations with the Manzano
group of New Mexico, now classified as Per-
mian. In this paper the Supai formation and
the Coconino sandstone are assigned doubt-
fully to the Pennsylvanian and the Permian,
respectively, as the available evidence of their
age is still insufficient to warrant a definite
assignment. The Kaibab limestone is placed
in the Permian, because it afforded a number
of lots of fossils, and although no attempt was
made to gather complete collections, those
obtained permit correlation with part of the
Manzano group. The following combined lists
show the determinations made by Mr. Girty:

1. Five collections (catalog Nos. 3054 to 3058) from the
“ Bellerophon limestone” of the Harrishurg gypsiferous
member:

Phyllopora? sp.
Dielasma sp.

Nucula levatiformis.
Leda ohesa.

Pteria (Bakewellia?) sp.
Pseudomonotis? sp.
Myalina sp.
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Schizodus wheeleri.
Aviculipecten? sp.
Pleurophorus mexicanus.
Plagioglypta canna.
Bellerophon majusculus.
Bucanopsis aff. B. bella.
Euphemus sp.
Pleurotomaria sp.
Goniospira sp.
Naticopsis? sp.
Platyceras sp.
Eumophalus sp.
Metacoceras sp.

Nautilus sp.

2. Five collections (catalog Nos. 3047 to 3051) from lower

strata of the Harrisburg gypsiferous member:
Batostomella n. sp.
Polypora sp.
Phyllopora? sp.
Derbya? sp.
Chonetes hillanus.
Pugnax osagensis var,
Spirifer sp.
Spiriferina sp.
Squainularia guadalupensis.
Composita subtilita.
Composita n. sp.
Myalina aff. M. deltoidea.

3. A single lot (catalog No. 3060) from a coral-bearing
limestone near the top of the Harrisburg gypsiferous mem-
ber in the Harrisburg dome: '

Favosites? n. sp.
Lithostrotion? n. sp.
Campophyllum? n. sp.

4. Eight collections (catalog Nos. 3039 to 3046) from the

massive limestone members of the Kaibab limestone:
Sponge, undetermined.
Echinocrinus sp.
Spirorbis sp.
Batosomella n. sp.
Lioclema sp.
Fenestella sp.
Polypora sp.
Septopora n. sp.
Derbya aff. D. nasuta.
Orthotetes sp.
Meekella pyramidalis.
Chonetes hillanus.
Productusivesi.
Productus occidentalis.
Productus popei.
Pustula subhorrida.
Pustula subhorrida var.
Pustula aff. P. irginae.
Marginifera splendens?
Marginifera? aff. M. splendens.
Dielasma sp.
Squamularia guadalupensis.
Spiriferina sp.
Composita mexicana?
Composita subtilita.
Pseudomonotis? sp.
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4. GROUP OF CINDER CONES OF LATE DATE AND ASSOCIATED LAVA; DIAMOND VALLEY, 12 MILES
NORTH OF ST. GEORGE, UTAH.

B. NEARER VIEW OF LARGER CONE OF GROUP SHOWN IN 4.
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A. SHINARUMP CONGLOMERATE RESTING ON UPPER MOENKOPI SHALE AND SANDSTONE, SMITH’S
MESA, 3 MILES NORTH OF VIRGIN CITY, UTAH.

B. LATE BASALT FLOW RESTING ON -A CONGLOMERATE OF BASALT AND OTHER BOULDERS, ON
ROAD FROM TOQUERVILLE TO LA VERKIN, UTAH.
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Aviculipecten, 3 sp.
Acanthopecten coloradoensis.
Acanthopecten? sp.
Orthoceras sp.

Regarding these Kaibab fossils Mr. Girty says:

The fauna of the Kaibab limestone, which I rugard as
of Permian age, presents two fairly distinct facies corre-
sponding to different stratigraphic horizons. The upper
fauna consistslargely of gastropods (especially Bellerophon)
and pelecypods (especially Leda). This is clearly the
horizon that was called the ‘Bellerophon limestone” by
the geologists working along the Grand and Green rivers
and wasregarded by them as the top of the Carboniferous.
(See list 1, above.)

What may be regarded as the normal Kaibab fauna,
characterized by such species as Productus ivesi, P. occi-
dentalis, Pustula subhorrida, and Meckella pyramidalis, is
represented (in list 4 above). Those lots containing
Squamularia guadalupensis in abundance accompanied by
Chonetes hillanus form an appreciable subgroup in this
fauna and perhaps represent a separate horizon. Essen-
tially the same fauna occurs in the San Andres limestone
of the Manzano group of New Mexico. (See list 2, above.)

The coral fauna (list 3, above) is unique. It is totally
unlike any other fauna in the collection, and I do not
recall ever having seen it before.

The Moenkopi formation was attributed by |-

some earlier geologists to the Permian and by
some to the Triassic. Later, largely on the
basis of Walcott’s work near Kanab, Utah, it
was universally accepted as Permian, and this
assignment received some confirmation from
a few very poorly preserved plants that bear
considerable resemblance to certain species of
the well-known Permian genus Walchia.®
The Moenkopi formation has been regarded
generally as equivalent to the ‘‘Permo-Car-
boniferous’’ of the Wasatch Mountains. The
latter beds have lately been proved equivalent
to beds in Idaho * whose age is accepted uni-
versally as Lower Triassic. The Moenkopi
formation must therefore be considered of
Lower Triassic age. Mr. Girty’s restudy of
Walcott’s original ‘“‘Permian’’ fossils from the
Moenkopi near Kanab, Utah, and the collec-
tions made during the present work lend strong
support to this correlation. The fossils col-
lected by us came from the Rock Canyon con-
glomeratic member, at the base of the entire
Moenkopi red-bed series, and from the Virgin
limestone member. The following combined
lists show the species identified by Mr. Girty:

83 Gregory, H. E., Geology of the Navajo country: U. S. Geol. Survey
Prof. Paper 93, p. 31, 1917.

™ Girty, G. H., in Butler, B. S., and others, The ore deposits of Utah:
U. S. Geol. Survey Prof. Paper 111, p. 642, 1920.
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5. Single lot (catalog No. 7791) associated with oil-
bearing layer at the oil seep 14 miles west of Virgin City,
near top of Rock Canyon conglomeratic member:

Bakewellia sp. (small form).
Myalina sp. (small form).
Myophoria? sp.
Pleurophorus sp.
Pseudomelania? sp.
Ostracoda.

6. Single lot (catalog No. 7781) from a horizon 8 feet
above that just listed but at same locality:
Bakewellia n. sp.
Pseudomonotis n. sp.
Pleurophorus sp. -
Naticopsis sp.
Pseudomelania? sp.

7. Seven lots (catalog Nos. 7770 to 7775, 7780) from dark
fetid limestones in thin sheets in gypsum beds; all from
Rock Canyon conglomeratic member:

Bakewellia n. sp. (small form).

Myophoria sp.

Goniatite or ammonite undetermined.

Sponge spiculeg (amphioxes with a few triaenes).

8. Single lot (catalog No. 7788) from basal conglomerate
bed in Rock Canyou conglomeratic member:

Monotis? sp.
Myalina n. sp.
‘Macrocheilina? sp.
9. Single lot (catalog No. 7794) from horizon 50 feet
above base of Rock Canyon conglomeratic member:
Spirorbis sp.
Discina sp.
Terebratula sp.
Pseudomonotis n. sp.
Pleurophorus? (Modiola?) n. sp.
Pseudomelania n. sp.

10. Single lot (catalog No. 7796) from a horizon near top

of Rock Canyon conglomeratic member:
Pseudomonotis sp.
Myalina sp.
Entolium? sp.
Naticopsis n. sp.
Bulimorphba n. sp.-
Pseudomelania?, several n. sp.
Turritella, several n. sp.
Meekoceras aff. M. mushbachanum.
Numerous undetermined gastropods.

11. Nine lots (catalog Nos. 7782 to 7787, 7790 to 7792)
from the Virgin limestone member:
Isocrinus sp.
Spirorbis sp.
Pugnax n. sp.
Terebratula? n. sp. .
Pinna? sp.
Bakewellia n. sp.
Pseudomonotis n. sp.
Monotis? sp.
Myalina n. sp.
Aviculipecten, 4 sp.
Myophoria? sp. e
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Pleurophorus n. sp.
Pleurotomaria, 2 sp.
Naticopsis sp.
Ammonite?

Concerning these Moenkopi fossils Mr. Girty
says: ‘

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
chifley of small species of Bakewellic and Myophoria. 1
do not feel sure that this group does not represent a condi-
tion 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 T
understand there has been obtained some very meager 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. Thereis
scarcely room for reasonable doubt that Walcott’s ‘‘Per-
mian”’ 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 Lower Triassic of Idaho is Per-
mian. 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 have 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 impor-
tant 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,
Meckella, Spirifer, Composita, and a score of others—not
to mention the numerous bryozoan types—ZFenestella,
Septopora, Rhombopora, Stenopora, and Imany more.
These types appear neither in the typical Moenkopi nor
elsewhere in the Lower Triassic of this region.
more, the Kaibab, which is correlated with part of the
Manzano group of New Mexico (the San Andres lime-
stone), is itself Permian, a reference suggested first by the
paleobotanic evidence: from the underlying Supai forma-
tion 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
systems, the formations being separated by a profound
&rosional unconformity and by an almost complete change
of fauna, the upper formation containing many diagnostic

Further- |
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fossils of the later system and the lower formation con-
taining many diagnostic fossils of the earlier system,

The Shinarump conglomerate - has been
accepted for many years as Triassic on the
basis of its flora and fauna and its stratigraphic
position and Trelations. The Chinle forma-
tion seems to be closely related to the Shina-
rump 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* believed that the unit
which near the San Rafael Swell almost cer-
tainly 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 sand-
stone. Lee followed this view. Dake,’® how-
ever, believes that this sandstone is equivalent
to the whole La Plata group of Gregory and
that the marine Jurassic above it is to be cor-
related with some part of the McElmo forma-
tion. The problem is essentially one to be
solved by tracing in the field, though we be-
lieve that the character of the sandstone sug-
gests 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 ma-
rine series, however, contains peculiar greenish-
white beds which somewhat resemble the
greenish-white beds of the McElmo formation
farther east. AS mentioned on page 63 Wal-
cott 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 lime-
stone, in that there are thin limestones in its
upper part, though there may be an uncon-
formity between the two and a considerable
difference in age.

The buff sandstones yielded no fossils but,
suggest in position and lithology & correlation
with the Cretaceous beds farther north and
east, on Coal Creek, which have a thin coal-
bearing unit at the base overlain by sand-
stones containing marine Cretaceous fossils.
Still farther east, near Mount Carmel, appa-

6 Emery, W. B., The Green River Desert section, Utah: Am. Jour.
Sci., 4th ser., vol: 46, pp. 564-572, 1918.

6 Dake, C. L., The horizon of the marine Jurassic of Utah: Jour.
Geology, vol. 27, pp. 634-646, 1919 [192Q).
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rently the same interval contains, besides a basal
conglomerate unit 15 feet thick, the coal-bearing
unit, 400 feet thick ; marine shale, 700 feet; sand-
stones and shale, 1,000 feet, overlain by a thin
conglomerate; and 700 feet of fresh-water sand-
stone, apparently all Cretaceous.

The pink sandstone and shale series is be-
lieved from its position and character to be
equivalent to the Tertiary rocks of the Pink

Cliffs. ,
LOCAL SECTIONS.

1. Section in Hacks Canyon, Ariz.

{Upper part measured at mouth of Robesons Canyon; lower part
measured along Hacks Canyon from Robesons Canyon to the point
where it joins Kanab Canyon.]

Kaibab limestone:

Harrisburg gypsiferous member:
Conglomerate, brown, of waterworn peb-
bles 1 inch in diameter; may be post-
Mesozoic material..............o...... 2
Limestone, yellow, arenaceous; weath-
ers ‘‘sun-cracked.” Silicified fossils
on surface, including Leda obesa, Avi-
culipecten? sp., Plagioglypta canna, Bu-

Feet.

canopsis aff. B. bella-................. 8
Concealed interval..................... 4
Sandstone, yellow, calcareous, and are-

naceous limestone, with red chert and

silicified fossils.... .. ... .. .. . .0 25
Concealed interval.. .. ................ 8
Limestone, impure, yellow. With units

aboveisthe ‘‘ Bellerophon limestone.’’ . 4
GYPSUM...coi it 18
Sandstone, light gray, calcareous....... 5
Limestone, with fragments of white’

chert that breaksingo flat pieces, mak-

ing up over half the bulk............ 13
Limestone, with white chert; fossilif-

€roUS..... .. couee... e 11
Limestone, with small chert nodules.. .. 2
Limestone, arenaceous, yellow on weath- ‘

ering, white on fresh surface; more

calcareous toward the top, more sandy

and friable toward the base; resistant

and ledge-forming..................... 10
GypsuUm.. ..o 80

Thickness of Harrisburg member. 190
Limestone, thin-bedded above, with much
white chert; massive in middle, with
much dark chert, which weathers brown

or black; thin bedded in lower part..... 315

Gypsum, impure..............o..oiiioiaa.. 125
Limestone, gray, massive; upper part cherty
and relatively thin bedded, the chert nod-
ules white and fossiliferous; beds of main
part 1 to 3 feet thick; lower part grades
down into sandstone, which is gray on

weathered surface, white on fresh surface. 180

Limestone, thin bedded, not sandy.......... 20

' Thickness of Kaibab limestone....... 830
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Coconino sandstone:

Sandstone, dark buff, locally salmon-col-
ored, massive, cross-bedded, friable, me-
dium to coarse grained....... e

Sandstone, massive, medium grained, highly
cross-bedded, friable, white, saccharoidal;
3 conspicuous unit. Along the strike this
and the overlying unit may vary in rela-
tive thickness, so that the lower is four

- times as thick as the upper............ ...

Sandstone, massive bed with three distinct
layers—a white massive cross-bedded
sandstone with streaks of brown, 8 feet;
hard brown sandstone, 2 feet; white argil-
laceous sandstone, 2 feet. Distinct from
overlying unit in not being as white nor
agfriable......... e 12

Thickness of Coconino sandstone...... 89
Supai formation:

Sandstone, massive, brick-red, with inter-
bedded lenses of red shale; forms a cliff, or
atleast a steepslope............. ... .. ..

Sandstone, argillaceous, brick-red, and red
‘sandy shale, interbedded, in about equal
amouUnts. ...l

Sandstone, massive, brick-red, argillaceous;
weathers into rounded ledges; one con-
spicuous white band and several minor
ones. Base of unitnotseen..............

Thickness of part of Supai formation
observed....... ...l

Feet.

33

44

200

350

2. Section in Toroweap Canyon, Ariz.

[Upper part measured 5 miles above mouth of Toroweap Valley; lower
. . part at the mouth.]
Kaibab limestone:

°  Harrisburg gypsiferous member: Foet.
Limestone, yellow, with silicified fossils at
top of unit; concealed interval in middle;
at base limestone filled with white chert
that breaks into flat plates. ‘‘Bellero-
phon limestone™. . . ... ... ... ... ... 65
Gypsum...... ... ... 38
Limestone, dark blue.................... 12
[ 15101 1 1 WP 27
Limestone, impure...-.....c.oeen... el 8
(€574 01111« 1 F R 40
‘ Thickness of Harrisburg member... 190
Limestone, massive, cherty, forming a series of
517 o 25
Limestone, gray, massive, with much dark-
brown chert; forms cliffs and towers........ 160
GYPSUD . L - ottt e et 175
Limestone, weathering white and hackly and
forming steps. .. ..o il 50
Limestone, gray, forming steps................ 50
Limegtone, massive, fossiliferous throughout.
At top blue, crystalline, cherty; grades
downward into sandy limestone, locally a
calcareous sandstone, fine grained; base
argillaceous................................. 100
Limestone, rather thin bedded, with nodules
of dark chert, breaks with conchoidal frac-
1710 ¢ TR AN 25
Thickness of Kaibab limestone. ........ 775
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Coconino sandstone:" Feet.
Sandstone, deep yellow to buff, somewhat
friable but not notably cross-bedded........ 13
Sandstone, much cross-bedded, yellow and
white, friable; white on fresh surface........ 70
Sandstone, pale yellow, fine grained, argilla-
ceous; weathers to rounded exfoliated -
DSBS e et 13
Thickness of Coconino sandstone. . . .... 96

Supai formation:
Shale, gray,sandy......... ... ... ... ... 14

Sandstone, red, somewhat argillaceous but
massive and forming a steep slope or cliff.... 175

Sandstone, argillaceous, and sandy shale; both

* brick-red and interbedded in about equal
amounts; forms aslope............... ..., 375
Sandstone, massive, red. ... ... .. ... .. ..., 735
Thickness of Supai formation........... 1,299

Redwall limestone.

3. Section on Fredonia-Mount Trumbull road half a mile
northeast of Bullrush, 124 miles southwest of Fredonia,
Ariz.

Moenkopi formation: Feet.
‘Shale, white, calcareous, and impure limestone

in thin plates. . ...l 5

Shale, red...c.coceineinnii i 18

Shale, gray...... ... 10

Virgin limestone member:

Limestone, earthy, yellow, with. many
small cavitieslined with calcite. Thick-

ness ranges from 1 to 2 feet............. 2

Shale, gray. ... .ccoeeimiiiiii 1

Gypsum, red to gray.....cocvienenanan... 4

Shale, red...c..ocoiimmmnmi 3
Limestone, thin bedded, earthy, yellow;

fossil fragments.......... ... ... .. 1
Thickness of Virgin hmestone mem-

Y5 11

Shale, red, exposed.......cooouiiiiaii... 25

-4. Section in Hurricane fault scarp in Black Rock Canyon,
 Ariz., 18 miles south of Hurricane, Utah.

Kaibab limestone: Feet.
Limestone, gray, cherty, massive; inaccesible
for measurement.
Gypsum, shale, and some limestone. . 225
Limestone, gray and brownish on weathered
surface, light gray on fresh surface; cherty.
Unit massive except for uppermost 22 feet,
which is thin bedded ................... ... 190
Sandstone, gray, fine grained; weathers brown. 5
GYPBUDM .- . voveeemecanagamabonaanmaaeans 15
Limestone, thin bedded, gray ................ 60
GYPSUIL. . - e vnavnnnannnascamcaeascnannsans .20
Limestone, thin bedded, dark gray............ 7
GYPSUIN. « cccemenncnnnanencasacarasaannnnnns 45
Thickness of part of Kaibab limestone meas-
Ured. . ..o ceieiiiiiaeea e 567

SHORTER CONTRIBUTIONS TO GENERAL GE,OLOGY, 1921,

Coconino and Supai formations (undifferer flated)
Sandstone, medium grained, gray to white on
fresh surface, yellow-brown on weathered
surface, medium bedded, cross-bedded....
Sandstone, like that above but in thinner
beds separated by softer brick-red sand-
stone. A few layers dark gray and smell-
ing of 0il when broken...................
Sandstone, medium grained, cross-bedded,
gray to white on fresh surface, yellow-
brown on weathered surface; relatively
thin bedded and weathering back from the
unit beneath to form a bench. . . .........
Sandstone, like the unit next above but prac-
tically in.one bed and forming a sheer wall.

Feeot.

200

490

155

3804

Thickness of part of sandstone exposed.... 1,225
5. Section 2 miles south of Antelope Spring, on west side of
Antelope Wash, Ariz.

Moenkopi formation:
Shale, red.
Unconformity.
Kaibab limestone:
Harrisburg gypsiferous member:

Limestone, sandy, yellowish, with much
white chert; very fossiliferous; weathers
hackly, with silicified fossils showing on
surface. Lithology charactenstlc of this
part of the formation.................... 15

Gypsum, pink in large part; near middle of
unit 5 feet of dark thin-bedded limestone

Feet.

with fetid odor when broken.............. 140
Sandstone, coarse, gray, granular, calcareous;
contains fossil fragments . .. ......._.._... 5
Thickness of Harrisburg member...... 160
Limestone, gray, massive, with much light chert;
whole unit weathers light colored; exposed.... 40

1 6. Section at head of Rock Canyon, 5 miles north of Ante-

lope Spring, Ariz.

Top of hill south of Rock Canyon.
Moenkopi formation:
Rock Canyon conglomeratic member:

Limestone, pale red, with some gray; weath-
ers hackly and with ‘‘sun-cracked ” surface
and shows flecks of calcite................

Limestone, like unit above but gray........ 15

Conglomerate of rounded and subangular -
fragments of quartz and chert, white to
dark gray;. as large as 12 inches across,
though most are under 5 inches. The
matrix is limestone. The bedding of this
unit is very irregular, and locally the con-
glomerate is interbedded with ordinary
limestone. Contains Myalina n. sp., Mon-
otis? sp., Macrocheilina? 8p................

Conglomerate of fragments of fossiliferous
chert and limestone in a matrix of white
granular limestone. This unit is more
resistant than that below. The unit above
cuts down locally clear through this unit. 15

Feet.

55
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Moenkopi formation—Continued.

Rock Canyon conglomeratic member—Contd.
Limestone, coarse, very fossiliferous, filled

with large nodules of blue chert 1 inch to

1 foot in greatest dimension. The lime-

stone weathers away, leaving the chert

nodules with many fossils................
Limestone, light gray, with crinoid fragments

and some chert nodules. Surface usually

Feet.

15

dark from mosses and lichens. More resist-

ant than units above and below........... 2
Limestone, white, knobby, chalky on fresh

SUMfaCe. . oo 2
Conglomerate of large blue limestone cobbles

in a white granular matrix........_ ... .... 2

Limestone, coarse, granular, base somewhat
irregular; breaks into wedgy fragments....
Sandstone, soft, limestone, and limestone
breccia, cherty in part and copper-stained

10

- 25
Limestone, light yellow, filled with white
platy chert; bedsrather thin.._.......... 8
Sandstone, yellowish gray, medium grained,
in beds 1 foot thick, passing along strike
into sandy limestone; resistant unit. ..... 6

Thickness of Moenkopi formation ex-

Unconformity.
Kaibab limestone:
Harrisburg gypsiferous member absent or in-
cluded in massive unit described below
Limestone, gray, nodular, cherty; upper part
thin-bedded, but unit massive as a whole.....

9. Section onnorth side of Rock Cangon at mouth, 15 miles
south of Hurricane, Utah.

Moenkovi formation:

Rock Canyon conglomeratic member: Feet-
Limestone, black, thin bedded, fossiliferous . 25
.Limestone, dense, gray.-.......c............. 70
Gypsum and red shale...................... 100

Thickness of part of Moenkopi forma-

tion present.........coceiiiiiaan.. 195

Unconformity.
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., Phyllo-
poraf sp., Fenestella sp., Septopora n. sp., Or-
thotetes sp., Derbya sp., Chonetes hillanus?,
Productus ivest, Productus popei, Pustula sub-
horrida, Pustula subhorrida var., Pustula aff. P.
irqinae, Pugnax osagensis var., Spirifer sp.,
Squamularia guadalupensis, Composita subtilita,
Myalina aff. M. deltoidea, Aviculipecten sp.,

Acanthopecten coloradoensis . . ................ 400
Gypsum, Impure. . ......c.ccoceeeiiiaaaa... 5B
Limestone, white, thin-bedded, cherty ......... 20
Gypsum, impure. .............co.oililoL 150
Limestone, upper part light colored, lower part

gray; contains relatively little chert; not very

resistant; weathers rather smooth, not hackly.. 40

Basalt.

71

Kaibab limestone—Continued. Feet.
Limestone, gray, cherty, massive; weathers
hackly .o e et 175

Gypsum, earthy, gray, impure, with thin-bedded
limestone and some gypsiferous sandstone. . ...

Thickness of Kaibab limestone. ..........

Coconino sandstone (?): .
Sandstone, deep yellow, friable............ ... 5
Sandstone, white, rather hard; forms ledge.:.... 2
Sandstone, soft, white, and sandy shale, light
gray in great part but with some yellow stain-

AN i 10
Thickness of Coconino sandstone (?)..... o7
Supai formation (?):
Sandstone, yellow, friable............ 16
Sandstone, pale yellow, rather hard; massive bed
forming sharp ledge. . . ........... ... ... ... 9
Sandstone, soft, gray, argillaceous............... 5
Sandstone, red and yellow interbedded, the.
yellow a little more resistant than the red.... 55
Sandstone, mottled yellow andred. . ........... 10
Sandstone, red, argillaceous, and red sandy shale. 30
Sandstone, massive, yellow, friable, cross-bedded,
with several thin beds of red-sandstone. Some
of the yellow sandstone is white on a fresh sur-
face and friable.... ... ... .. . LiiiiLL . 3
Sandstone, massive, red, in beds 10 feet or more
in thickness with thin beds (1 foot or less) of
sandy shale between. On strike one of these
beds grades into yellow sandstone; others are
bleached yellow along cracks.................. 40
Sandstone and shale, red, micaceous, interbedded
in subequal amounts............... ...l 100
Sandstone, massive, brick-red, somewhat argilla-~
ceous, with thin beds of red shale.............. 35
Sandstone, white, friable........................ 17
Sandstone, massive, brick-red, argillaceous, with
thin beds of interbedded red sandy shale. - On
strike some of these beds are yellow locally.
“Exposed.... ...l 148

Thickness pf Supai formation (?) exposed. 500

8. Section on Hurricane fault scarp 6 miles south of Hurricane,
Utah.

[See PL IX, 4, B.}

Moenkopi formation: Feet.
Shale, red sandy, present................... 100+
U nconformity.
Kaibab limestone:
Harrisburg gypsiferous member:
Limestone, gray, thin bedded, some of it
containing angular fragments of chert;
and shale, gray or yellow. Unit unre-
sistant to weather. May posmbly be
basal Moenkopi. . 45

Limestone, browmsh to yellow, w1th some
dark-gray layers; some layers brecciated. 115

Thickness of Harrisburg member. .. .. 160
Limestone, massive, gray, with much brown
chert; foseils abundant in chert. . .......... 260
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Kaibab limestone—Continued. Feet.
Shale, soft sandstone, and gypsum, the whole
forming a gray slope. . ........oc..iooiio.. 200
Limestone, gray, massive, with much brown
chert; light colored on fresh surface; contains
softer shaly layers near middle of unit....... 230
Limestone, sandy, cream-colored, cross-bedded,
platy. Some limonitic staining shows. ..... 25
Limestone, thin bedded, dark drab, with oily
odor; contains some soft sandy layers and
some white chert in nodules................ 10
Gypsum, white, pure. . . . . .. .ci.ieiiiaan... 20
Gypsum, gray; has some odor of oil........... 10
Gypsum, white, massive, with some thin gray
sandstone layers. .. ....... . i.o.o...... 15
Thickness of Kaibab limestone.......... 930
Coconino sandstone (?):
Sandstone, creamy yellow. .. ................ 20
Sandstone, white.....................o..... 45
Supai formation (?):
Sandstone, medium grained, cross-bedded, rip-
ple marked, yellow-brown to light gray, ex-
POBEd. - ottt 200+

9. Section near sulphur spring at mouth of Virgin Canyon,
half a mile south of La Verkin, Utah.

Moenkopi formation:
Rock Canyon conglomeratic member:
Limestone, dark colored, platy, with an
abundance of Bakewellia n. sp. (small
form) . oo 1
Concealed interval covered with loose
fragments of various sorts of limestone. . .

Feet.

Thickness of part of Moenkopi for-
mation 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, Compositasp. . ..........

Limestone, sandy limestone, calcareous
sandstone, white, yellow, and gray friable
gsandstone, and some gypsum............

Thickness of Harrisburg member... 150
Limestone, gray, cherty, resistant, massive; has
a cap layer filled with light-colored platy
.280
Limestone, gray, ¢herty, less resistant than unit
above and broken into a series of terraces.
Some breccia and some gypsum present....
Gypsum, white. . .....coeiiiiiiiiiiiia,
Limestone, gray, cherty, very resistant, mas-
give;exposed. ... .iciiiiiiiiiiieii e

50
50

200
766

Thickness of Kaibab limestone exposed ..

SHORTER CONTRIBUTIONS TO GENERAL GEOLOGY, 1921.

10. Section in Virgin River canyon 8 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
Sandstone, brown, hard, platy................ 5
Shale, sandy, soft, yellow..................... 20

Rock Canyon conglomeratic member:

Limestone, dark gray, hackly; reddish lo-
cally and rough from weathering out of
sandy fragments. . .. ... ... ... . ... 8

Limestone, pink and gray, sun-cracked;
weathered ‘surface shows flecks of white
calcite. On strike this unit becomes a
brecciainlowerpart.................. ..

Limestone, massive, yellow, with fossils
showing on weathered surface. Beds 1
to 2 feet thick. Thisunitand unitbelow
thin out on strike and breccias above and
below unite........oooeeioi L.

Concealed interval chiefly, but with some
gray limestone. . .

Breccia of chert and hmestone in a hme—
stone matrix; many fragments large (6
inches or more across), many angular.
Variable undf .......... ... . ..

Interval largely concealed but with some
sandy yellow limestone and shale and
some gray limestone showing............

Limestone, massive, bluish, with light-colored
chert. ... .

Concealed interval of soft beds forming slope. . .

28

10

18

10

18

35

Thickness of part of Moenkopi formation
observed.......c.iiiiiiiiiiiaial.
Unconformity.
Kaibab limestone:
Harrisburg gypsiferous member absent?
Limestone, bluish, with much black and dark-
gray 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 ma-
trix is locally brick-red and which makes up almost all of
the Rock Canyon conglomeratic member.

11. Section in Virgin Canyon 2% miles west of Virgin City,
Utah, below the mouth of Oil Seep Wash.

Moenkopi formation:
Rock Canyon conglomeratic member: Feot.
Limestone, brown, full of large sand grains

that weather out on surface............... 1
Concealed interval......................... 5
Limestone, gray; weathers hackly.......... 3

"Concealed interval...... ... .............. 8
Limestone, sandy, gray; weathers hackly. .. 4
Concealed interval.................. ... ... 17
Shale, yellow, sandy.................... ... 4
Concealed interval ........................ - 12
Limestone conglomerate, gray, fine grained;

weathers hackly.................. ... ... 15
Limestone, gray, with reddish patches. . . ... 10
Limestone, red, interbedded with red shale

and a reddish mottled limestone.......... 60
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Moenkopi formation—Continued. Fe.t.
Rock Canyon conglomeratic member—Contd.
Limestone breccia, gray. .. ...ccooveenvnnnn 10
Sandstone, yellow and gray, with sandy shale
andshale. ........ociviiiiiiiiiiiiiiiaas 15
Limestone conglomerate, grayish brown..... 5

Thickness of part of Moenkopi forma-

tion measured..........coceoiinann
Unconformity. :

Kaibab limestone:
Harrisburg gypsiferous member absent?
Limestone, gray, cherty.

12. Section in Virgin Canyon 2 miles west of Virgin City,
Tieh, at mouth of Oil Seep Wash.

Moenkopi formation:

Rock Canyon conglomeratic member: Feet.
Limestone, gray, nodular; undetermmable N

fossils. .. oei i e 1
Concealed interval ... ....cceiiinnennnnn.. 5
Limestone conglomerate, hackly and very
" rough on weathered surface._............ 18
Limestone, gray, sun cracked and flecked

with caleite.......coooeeiiiiiiiiaaaa... 9
Limestone, red .........c.oiiiiiiiiiatn 20
Limestone conglomerate and breccia with

fragments as much as 2 feet in diameter;

matrix yellow limestone. . g 15+

13. Section in Smith’s Mesa, 3 miles north of Virgin City,

Utah.
Jurassic sandstone.

, Chinle formation:

Shale and sandstone, brick-red; estimated (not
present in Smith’s Mesa, but seen at a point
near by) ..ot s

Sandstone, mauve, cross-bedded,
marked, resistant............o..iieeiiian...

Shale and sandstone, brick-red. ..............

Sandstone, coarse, arkosic, cross-bedded, gray-
white and mauve; suggests volcanic ash;
containg fossil wood. Locally known as the
“ Sﬂver Reefsandstone”.......c.oooceio.

Shale “gumbo,” variegated, blu.lsh gray,
greenish, mauve, red, and some yellow-
brown; contoins fossil wood. ........ e

Feet.

200

90
420

25

Thickness of Chinle formation..........

Shinarump conglomerate (P1. XIII, 4):
Sandstone, gray, platy, with a few pebbles. ...
Shale, gray to green, with some fossil wood. . ..
Sandstone, coarse, gray-white on fresh surface,

limonitic brown on weathered surface;
locally filled with black blebs of wad or some
similar substance. Contains lenses of peb-
bles of chert, variously colored, quartz,
silicified wood, and minor igneous rock.
Base is irregular and apparently unconform-
able. Unit contains abundance of fossil logs,
mostly silicified, though in part replaced by
copper minerals. .. ......... ... ...l 75

20
20

Thickness of Shinarump conglomerate. . .

Moenkopi formauon Feet.
Sandstone, soft, and shale, bnck-red to very
deep red, with gypsum and a little lighter-
colored shale; weathers to a fairly even
405
Shnabkaib shale member: Shale, sandy, and
sandstone, soft, fine-grained, creamy white,
with some pinkish layers and gypsum;
weathers to a fairly even slope..............
Sandstone and shale, brick-red, and light
bluish-gray gypsum, lighter colored than the
upper red beds... ... ... .. ...
Virgin limestone member:
Limestone, yellow, earthy, fossiliferous;
contains Myalina n. sp., Pseudomonotis
n. sp., Bakewellia n. sp................ 5
Shale, yellowand red............cooiinnn.
Limestone, yellow, earthy, fossiliferous;
contains Myalina n. sp., Pseudomonotis

360

Shale, yellow, calcareous..................
Limestone, fairly massive, yellow, earthy;
contains Isocrinus sp., Spirorbis sp.,
Terebratula? n. sp., Pinna? sp., Bake-
welliac n. sp., Pseudomonotis n. sp.,
Myaline n. sp., Aviculipecten, 4 sp.,
Myophoria?, sp., Pleurophorus? sp., Pleu-
"rotomaria?, 2 sp., Naticopsis sp., ammo-
nite? undet............ e
Thickness of Virgin limestone
member.. .. ....
Sandstone and shale, bnck red w1th gypsum
Rock Canyon conglomeratic member: Irregular
basal unit of limestone, conglomerate, etc.... 170
Thickness of Moenkopi formation....... 1,775
Kaibab limestone (see sections in Virgin River
canyon).

20

80
360

14. Section at the Harrisburg dome, 8 miles east of north of

8t. George, Utah. )
Feet.
Shinarump conglomerate............coooiemainann 100+
Moenkopi formation: -
Shale and sandstone, brick-red, upper part
very dark colored.................. ... 320
Sandstone, yellow, medium grained, massive
AN UPPET PATt. - et 75
) Shale, red, with some sandstone and gypsum. . 80
Shnabkaib shale member: Shale, sandy,
white to light gray, with gypsum and some
pinkshale.............o.....oolllL 630
Shale, red, sandy, with gypsum.. .......... 435
Virgin limestone member: Limestone, earthy, -
greenish yellow, in three thin bands sepa-
rated by greenish-yellow and . reddish-
brown shale. Lower band contains Isocri-
nus sp., Pugnax n. sp., Aviculipecten sp.. 160
Shale, red, some of it sandy; with gypsun and
a little bluish gypsiferousshale........... 275
. Shale, yellow, gypsiferous, containing locally
thin black limestone layers with Bakewellia
n.sp. (smallform)..... .. ... . ... 60

Rock Canyon conglomeratic member appar-
ently absent.

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 lay-
ers 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
atabout the same horizon at different places
near the top of the limestone show the fol-
lowing fossils: (1) Productus tvest, Pustula
subhorrida; (2) Lithostrotion? n. sp., Favo-
sites? n. sp., Campophyllum? n. sp.; (3) Di- -
elasma sp., Nucula levatiformis, Leda obesa,
Pteria (Bakewellia?) sp., Pseudomonotis? sp.,
Schizodus wheeleri?, Pleurophorus mexicanus,
Plagioglypta canna, Bucanopsis aff. B. bella,
Buphemus sp., Goniospira sp., Pleurotoma-
ria sp., Naticopsis?, Platycerassp..........

Shale, yellow, gypsiferous..................

Feet.

250

30+

[Section continued by the log of the well of the Virgin Dome Oil Co.]

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 thicknessis close to that found

onsurface... ...l [270]
Limestone, light colored, containing much
chert. ... ... ... 275
Limestone, salmon-colored, soft............. 38
Limestone, etc. (details not known). ... ..... 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.............. S
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 Myo-
phoria sp

. Shale, 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........eceeeeaaoiiaaiiaaann
Concealed, probably shale................ :
Limestone, pinkish, containing large

boulders of limestone and chert..........
Limestone, gray, rough, silicified, with
gome chert nodules. ......coiaanan

Feet.

10
33
57

SHORTER CONTRIBUTIONS TO GENERAL GEOLOGY, 1921.

Moenkopi formation—Continued.
Rock Canyon conglomeratic member—Contd.
Coarse conglomerate of limestone in a lime
_ matrix grading upward into a gypsum

Gypsum, pure, MAasSIVe .- - .ccecoeeeaaaeon.n
Limestone, porous, gray, somewhat mhc-

Gypsum with much finegrained platy
drab to dark-gray limestone; some
breccia. ..o

Unconformity.
Kaibab limestone:

Harrishurg gypsiferous member absent locally,
but present here and there and containing
Schizodus sp., Plagioglypta canna?, Bellero-
phon majusculus?, Goniospira sp., Euompha-
lus sp., Nautilus sp.

Massive cherty gray limestone.

16. Section at the Bloomington dome, 5 miles south

George, Utah.
Moenkopi formation:

Virgin limestone member.....................
Lower red-heds member: Shale, red, some of it
sandy, and gypsum. Near base contains
gypsum with thin limestones and Bakewellia
n.sp. (small form).... ... ... ...l

Feet.

53
10

2

83

of St.

Feet.
130+

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

Limestone, like unit above, but in a single
bed, harder and weathering into angular
blocks with included chert projecting
as brown excrescences on surface........

Breccia of quartz fragments loosely ce-
mented by hmestone friable and non-
resistant.

Limestone, gray, coarse, granular......... ;.

Limestone, gray, very soft, nonresistant. ..

Limestone, white, granular; weathers to
powder. Containg partly silicified fos-
sils, including Polypora sp., Chonetes
hillanus?, Squemularia  guadalupensis,
Compostta . 8P ...

Limestone, dark gray, coarse grained, fria-
ble, nonresistant; fossiliferous

Limestone, gray, thin bedded, with nod-
ulesof chert..........................

Gypsum, pinkish, with a 5-foot bed of dark
limestone 10 feet above base

Limestone, gray, filled with fragments of
chert that breaksinto plates.............

Concealed interval........... eeeeeeeaann

Limestone, soft, gray, with well-preserved
silicified fossils......c.ooiiiiiiiiat,

12

Thickness of Harrisburg member. ..
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Kaibab limestone—Coptinued.

Limestone, gray, massive, resistant, with much
dark chert; contains Batostomella sp., Fene-
stella sp., Polypora sp., Septopora sp., Pro-
ductus west, Pustula subhorrida, Pustula aff.
P. irginae, Pseudomonotis? sp., Aviculipecten,
3 sp., Acanthopecten coloradoensis, Acanthopec-

Feet.

17. Section just off the St. George-Wolf Hole road about 7

miles north of Wolj Hole, Ariz.
Top of hill.
Kaibab limestone:
Harrishurg gypsiferous member (some of this
unit may be basal part of Moenkopi forma-

tion): Feet.
Gypsum, red in thin layers .............. 15
Gypsum, white... ... . ... .ol 18
Gypsum, red, with a little red shale...... 5
Gypsum, white to pink.......coieeenann. 10
Limestone, white, with little or no chert.. 2
Sandstone, brown, to yellow, soft, and gyp-
1 1 7
Limestone, yellowish, filled with white
platy chert...........o..ooooiiiillL 15
GYPSUM. .t 15
Limestone, white, earthy to sandy; white
on & fresh surface, yellow to white on
weathered surface; chert nodules abun-
dantin lower part............ ... ...... 17
Gypsum, white to pink, with a httle lime-
F2170) 1 U TR NN 148
Limestone thickly set with white platy
chert; has a peculiar brown fibrous sur-
fACE. it el 3
Concealed interval..... ... ... ... ... .. 4
Thickness of Harrisburg member... 259
Limestone, gray, with many nodules of dark
chert that are brown or black on a weathered
BUTTACE. oot 315
Limestone, sandy; weathers white and contains
little chert; not very resistant to weather. .. 15
Gypsum, with some shale and limestone....... 270
Limestone, cherty, gray; exposed............. 150
Thickness of part of Kaibab limestone
exposed......oeiiiiiiiiii i 1,009

18. Section near Black Rock Spring, Ariz., 25 miles south of |

St. George, Utah.

Moenkopi formation:

Middle red beds.

Virgin limestone member: Feet
Limestone, earthy, yellow................ 9
Shale, red..... ...l .. 36
Limestone, earthy yellow. ... ........... 5

. Shale,red...c. v iiiaaaaa. 26
Limestone, earthy yellow, containing
Isocrinus sp., Myalina sp., Bakewellia

n. 8P., Monotis? 8P eeecceacnaaennann. 24
Thickness of Virgin limestone mem-

553 100

Shale.red. .o o i 113

75

Moenkopi formation—Continued. Feet.
Shale, red, with prominent beds of bluish
F71 15110 U 22

Shale, red.......c.oeaai... s 8

Shale, red, with much gypsum................. 10
Gypsum, reddish. .. ... ... .. ... 17
Gypsum, impure, yellowish brown........... 10
Thickness of part of Moenkopi. formation
measured........ooiiiiiiiiiiiiiiaon, 280
Unconformity.
Kaibab limestone:
Harrisburg gypsiferous member:
Limestone, gray, filled with nodules of
white chert that breaks with a platy
fracture... .. ...l 25
Concealed interval, less resistant beds.. .. 10

Limestone, granular; weathers white with
a very hackly surface; contains Chonetes
hillanus, Squamularia guadalupensts. . . . 7

Limestone, soft; weathers yellowish and
contains many nodules of light-colored
chert which does not break into plates. .

Gypsum, in part pinkish.. .

Limestone, dark; Weathers rough a.nd has
fetid odor when broken....... ........

Concealed interval, probably gypsum. .. ..

Limestone, gray, with much platy chert. ..

Concealed interval...... ... ... ... ... ..

[e ]

o 00 W

Thickness of Harrisburg member... 110
Limestone, gray, with much dark-colored chert
that shows as black or brown excrescences on

weathered surfaces..... e 250

19. Section in narrows of Virgin River below Bloomington,

Utah.
Kaibab limestone:

Harrisburg gypsiferous member: Feet.
Limestone, hackly, very light gray to
almost white, with small dark-colored
chert nodules showing on weathered
o100 4 11T P 7
Limestone, white on both fresh and
weathered surfaces................... 5
Concealed interval..................... 3
Limestone, yellowish, filled with white
or light-gray chert which breaks into
plates; a very characteristic rock. . ... 15
Concealed interval..................... t 10
Limestone, light blue-gray, with some .
chert nodules that stand out upon

: weathered surfaces; fossiliferous;

[ upper part particularly “flinty”...... 15
Concealed interval......._.. .. ... ... 12
Limestone, porous, Whlte gypsiferous. .. 13
Shale, red....... ..o o it 10
Conglomerate and breccia of limestone

with red earthy gypsiferous matrix.... 14

Shale, red and yellow, soft, sandy....... 7
Limestone and shale, earthy, gray, gyp-

L R 4

Shale, red and yellow, soft, sandy....... 8

©
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Kaibab limestone—Continued. Feet. | Supai formation (?): Sandstone, medium grained,  Feet.

Harrisburg gypsiferous member-——Continued. ‘cross-bedded, very massive; lower part yellow -

Limestone breccia, hackly on weathered and brown, with alittle irregular red staining; '
surface, pinkish locally but light blue- middle part similar but with much red staining
gray in general tone; sun-cracked on and a few thin soft red sandstones; upper part in
weathered surfaces; a very character- some places a uniform red but usually a clean
isticrock . ..oio i 7 yellow-brown. The unit is so uniform that it
Lime shale, gray to yellow, sandy ,with a can not be subdivided. No fossils observed. 1,490
little white chert in bands............. 4| Redwall limestone: Limestone, siliceous, and
Limestone, soft, porous, pink, yellow, and sandstone, mostly heavy bedded, light gray on
gray in color; weathers to a hackly or fresh surface, red-brown to dark gray on
cavernous surface.................... 7 weathered surface. About 200 feet below the
Limestone breccia, dark blue-gray, with top of the exposure a marked dark-gray layer
hackly surface, more resistant than 20 feet thick looks asif it might be stained by
unitabove. ... ... .o 5 hydrocarbons but shows none on a test. Frag-
Limestone breccia, relatively soft; ments of fossils observed. .................... 500+
matrix a yellow liméstone. Frag- .
ments in breccia as large as 4 inches in 20. Section in Beaver Dam Mountains near Arrowhead Tratl
diameter. . . oo v 2 Jrom Salt Lake City to Los Angeles, about 20 miles
: _ northwest of St. George, Utak.
Thickness of Harrisburg member.. 137
Moenkopi formation. -

[Remainder of section measured farther down canyon.] Unconformity.

Limestone, thin bedded, ash-gray, with some Kaibab lpestone: . . TFeet
layers of chert breccia and calcareous shale. Harrisburg gypsiferous member (S‘Tme of this
Possibly duplicates part of the beds de- : umt.:ma.y be basalpa‘rtof Moenkoplfoxjma!;lon):
scribed above. . e 70 Limestone, very light gray, almost white.. 4

Limestone, massive, umform ﬁne gramed Limestone, hackly, darker than overlying
gray on fresh surface and brownish on layer............... et ceeee 4
weathered surface; filled with layers and Limestone, dark gray, with a few foseul‘s. - 8
nodules of brown chert; fossiliferous Concealed interval; fragments of gray lime-
throughoUt. . ... .o oo ieiaianennnns 275 stone onsurface. ................. ... <

Breccia of limestone and chert in a limy Concealed interval; fragments of platy )
matrix; whole mass weathers to a yellow- quartz and chert on surface. ........... 15
BrOWn COloT - oo o oo 110 Limestone, filled with platy chert of very

Gypsum and red shale. . .................... © 50 light color. . sereeeeeeeeene 17

Breccia of limestone and white chert in limy Limestone, pmk and gra.y, with hackly sur-
DBELIK e c e e e oo e e 20 face, fossiliferous. . .... ... 11

Shale, soft, gray, and gypsum................ 10 Limestone, yellowish, thm bedded 10

Limestone, very massive, gray to light gray Limestone, gray to pmkmh with hackly
on weathered surface, cherty, fossiliferous. 220 surface, fossiliferous. ................. 8

Sandstone, soft, yellow, gypsiferous......... 8 Concealed interval.......... - 12

Limestone, gray to brown, very cherty, thin Limestone and platy Whlte chert in equal
N N 392 amounts. Weathered surface has a pecu-

Limestone, arenaceous, light gray to white, liar brown, fibrous appearance........... 16
CRETEY < e neemee e e 25 Concealed mterval .. PRS- 1t}

—_— Limestone, gray, W1th hackly surface 5

Thickness of Kaibab limestone. ...... 957 Concealed interval. ... ... ............. 28

' Thickness of Harrisburg member... 184

Coconino sandstone (?): Limestone, gray, cherty, massive............ 195

Sandstone, coarse grained, cross-bedded, : Interval mostly concealed but with some fos-
brown on weathered surface, buff on fresh siliferous limestone showing; probably much
BUTTACE — « v n e e ee e eee e ee e ee e eeaenn 15 ofitgypsum.. . ... ... ...l 260

Sandstone, white on fresh surface, dark gray Limestone, massive, gray, cherty.......... ... 170
or blackish on weathered surface, cross- Limestone, yellowish to white, very sandy;
bedded; variable along strike. ............ 5 some nodules of calcite present. Lower

Sandstone, white to cream-colored, earthy, part especially friable where exposed to
fine grained; locally upper part of unit weather. . ... .. ... ... ... 40
whiter than lower part. .. ......cceeeens. 25 Concealed........ ... ... ... .. ... 75

Thickness of Coconino sandstone (?).. . 45 ' Thickness of Kaibab limestone. ........ 924
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Coconino and Supai formations: Sandstone, very
massive but not hard, medium grained,
predominantly pale yellow but locally
pinkish. Through much of it 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
coloring, and is thinner bedded........

Redwell limestone: Limestone, gray, earthy,
porous; reddish or brownish on weathering.
Only fossils collected are Chaetetes millepor-
aceus, at about 1,000 feet beneath top of
formation, and Marginifera aff. M. splendens,
at 650 to 700 feet beneath top of formation.

Feet.

1,420

1, 500+

21, Section on north side of Dianiond Valley, 15 miles north

of St. George, Utah.

Tertiary or Quaternary: Basalt flow.

Feet.

Tertiary (?) sandstone: Sandstone in massive -

beds, medium grained, yellow with some
red staining, separated by soft sandstone,
much of it red, and red shale. As a mass
viewed from a distance this series is pink
‘and contrasts with the yellow sandstone
below. No fossils seen. Thickness of
part visible (estimated)...................

[The exposure of the pinkish sandstone unit de-
scribed above lies 3 miles south of the ex-

1, 500

posures described below, but viewed from a .

distance and considering isolated exposures be-
tween it seems to succeed the lower beds with
very little interval or overlapping.]

Cretaceous (?).sandstone:
Sandstone, heavy bedded, medium gramed

Sandstone, buff and wh_ite, heavy bedded...
Sandstone, buff to white, medium grained; in
heavy beds with soft sandstone and shale
between. Lowest bed has dark limonitic
joint surfaces..... ...l
Shale, gray, clayey, and gray carbonaceous
sandstone that contains plant fragments. .
Quartmte dense, reddish and gray, ﬁne

Sandstone, light gray to brown dense, with
intercalated gray and purple shale. - Some
of the sandstone has carbonaceous matter,
and much of it is soft, though hard layers
stand out here and there.................

Thickness of Cretaceous (?) sandstone

Cretaceous (?) shale:
Shale, steel-gray “gumbo”...._....._.......
Shale, brick-red, with some thin layers of
white limestone...................o...o...
32333°—22-—6

300+

55
115 .

290

30

90

. 883+

40

Cretaceous (?) shale—Continued. A

Shale, greemsh gray, sandy and platy sand-

Thickness of Cretaceous (?) shale......

Jurassic limestone and shale: ,
Limestone, platy, brownish gray, crystalline;
oolitic in part; Pentacrinus and Ostrea scat-
“tered oversurface........co.oooeiiiio..
Shale and platy limestone, light gray with

greenish cast; some ofit oolitic, some sandy.

The limestone is dense and hard. Trigonia
and other pelecypods present sparingly. ...
Limestone, brownish, dense, platy..........
Limestone, laminated, dense, light gray; fos-
silsveryscarce.................... ...
Limestone, soft, earthy, cream-colored; might
perhaps be called a calcareousshale........
Limestone, dense, cream-colored; breaks
with conchoidal fracture and is very fine

leestone dense hard, cream-colored; with
conchmdal fracture...... ... ... iiaiii...
Limestone, hard and soft,. a.lterna.tmg in thin

Gypsum, with some bluish-gray shale.......
Shale, cream-colored, calcareous.............
Limestone, dense, hard, cream-colored; a few

poorly preserved pelecypods observed.....
Shale, greenish gray................. . .0 .
Shale, brick-red............. .. ... .....

Shale, brick-red; exposed...
Interval, mostly concealed probably red
shale and sandstone. - . ...oooeieiaaaao..

Thickness of Jurassic hmestone and

shale. ... ... o oo ol

Jurassic sandstone: Sandstone, white, coarse

grained, with marked eolian cross-hedding.
Thickness not determined.

7

Feet.

45
140

145

20

.35

15
10

10
15
20
15
15

10
50

100+

ATk

22. Section through basal beds of Moenkopi formation at
head of Virgin Narrows, 8 miles southwest o Bloom-

ington, Utah.

Moenkopi formation:
Rock Canyon conglomeratic member:
Conglomerate of pebbles and angular
fragments of limestone and chert as
much as 1 inch in diameter...........
Concealed interval............ e -
Conglomeratic sandstone, grayish brown.

Conglomerate of chert pebbles with some -

limestone pebbles; limestone cement.
Pebbles as much .as 5 inches in
diameter. \Individual beds 5 feet

Kaibab limestone: )
Harrisburg gypsiferous member absent.
Limestone, hard, cherty, gray.

Feet.

w 00 b

60






THE BYRAM CALCAREOUS' MARL OF MISSISSIPPL. :

By C. WytrE CoOOKE.

HISTORICAL INTRODUCTION.

The beautiful and well-preserved shells con-

tained in the lower Oligocene deposits at Vicks-
burg, Miss., early attracted the attention of
collectors. Lesueur appears to have been the
“first to depict them, and the set of five plates
engraved by him in 1829 shows a number of
the species at Vicksburg. However, as his
plates were not accompanied by names or de-
scriptions, all the Vicksburg species date from
later authors. His name, although not at-
tached to any of the species as author, is per-
petuated by Scapharca lesueurt Dall, one of
the most common and most characteristic mol-
lusks of the Byram marl. Conrad, the Nestor
of American Tertiary paleontologists, in 1848 *
described and figured a large number of fossil
mollusksfrom Vicksburg. Sincethattimemsany
collectors have visited Vicksburg, and speci-
mens from the marls are contained in many
cabinets, but no one has attempted a systematic
study of the fossils. ,

Nearly every student of the Vicksburg beds
has recognized a twofold or a threefold division
of the group. Conrad collected chiefly from
the topmost marls, but that he was aware of
the presence of a lower shell bed and that five
of his species came from it is plainly stated on
pages 207-208 of the volume cited. Hilgard, in
his monumental work on the geology of Missis-
sippi,? published a characteristic section .of the
bluff at Vicksburg but did not propose names
for the various beds. Otto Meyer? in 1885
distinguished three members of the Vicksburg,
for which he proposed the names “Higher
Vicksburgian,” ‘“Middle Vicksburgian,” and

1Conrad, T. A.,Observations on the Eocene formation and descrip-
tions of 105 new fossils of that period from the vicinity of Vicksburg,
Miss.: Acad. Nat. Sci. Philadelphia Jour., 24 ser., vol. 1, pp. 111-134,
1848; Descriptions of new fossil and recent shells of the United States:
Idem, pp. 207-209, 1849. A

3 Hilgard, E. W., Report on the geology and agriculture of the State
of Mississippi, p. 141, 1860.

8 Meyer,Otto, The genealogy and the age of the species in the southern
Old Tertiary, pt. 22 Am. Jour. Sci., 2d ser., vol. 30, p. 71, 1885.

8

““Lower Vicksburgian.” The middle and lower
divisions of Meyer constitute but one horizon,
in the opinion of Casey,* who says:

At Vicksburg there are two distinct horizons. * * ¥
The lower Vicksburgian consists of alternate thin strata
of gray sands, sandy clays, and variably but usually loosely
compacted white or gray limestone. The upper consists
of a much thinner bed of more or less red-brown manrl,
often indurated into nodular masses or subindurated, and
without trace of limestone, having rarely, however, thin
layers of glauconitic sands and comminuted shells, in
which entire specimens when found are generally much
distorted by pressure. The faunas of these two beds
differ very markedly.

In 1918 I proposed names for the several
formations of the Vicksburg group ® and drew
up the correlation table shown on page 80.
The detailed evidence upon which this correla-
tion is based is still awaiting publication.

The present paper is designed to describe
briefly the youngest formation of the Vicks-
burg group, the Byram marl, to give an account
of its more notable exposures in Mississippi,
and to enumerate some of the fossil species:
that have been found in it. The formation

'is more fully described in a manuscript by me

awaiting publication by the Mississippi State
Geological Survey. I hope before long to
undertake the systematic description of the
mollusks of the Vicksburg group.

GENERAL FEATURES.

The topmost formation of the Vicksburg
group, the Byram calcareous marl, is named
from the village of Byram, on Pearl River,
Miss., about 9 miles below Jackson. The
Byram beds were supposed by Casey® to con-
stitute a ‘‘substage” intermediate in age be-
tween the Red Bluff clay and the Mint Spring
marl, but more detailed study of the mollusks

4 Casey, T. L., On the probable age of the Alabama white limestone:
Acad. Nat. Sci. Philadelphia Proc., vol. 53, p. 515, 19CL.

% Cooke, C. W., Correlation of the deposits of Jacksoh 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 Vicks-
burg, and this correlation is entirely corro-
orated 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 ap-
pears to have been continuous from the Vicks-

. burg into the Catahoula, but at Waynesboro
the change in lithology is so abrupt as to sug-
gest the probability of an interruption in

deposition. However, no unequivocal evi-
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At Vicksburg, where the entire thickness of
the Byram marl is exposed, the formation is
only 424 feet thick. On Chickasawhay River,
in eastern Mississippi, incomplete exposures
indicate a 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 Chicka-
sawhay 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 Mississippt and Alabama.

Age Mississippi Alabama
Byram calcareous marl
=y
] §D 8 © Glendon limestone member =
¥ q5 . S
5 .- .
S =y g2 <2 g
&0 2 i) S B
3 3 g 8 . . N . . ®
B P Mint Spring calcareous marl member > ( _ “Chimney rock” facies E
8 N
> ~ o~ a
Torest Hill sand Red Bluff clay \ B
® g'E Yazoo clay member
dx| .
§ % T B Ocala limestona
& o :
M _ =2 Moodys calcareous marl member

dence of unconformity between the two for-
mations has been observed.

Although the Byram marl, being the forma-
tion 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 not
nearly so conspicuous as the Marianna lime-
stone, which underlies it, and this has given
rise to the erroneous impression that the Vicks-
burg group consists chiefly of limestone. The
formation, as the -name indicates, consists
Jargely of marl, but it contains also thin beds
of impure limestone, clay, and sand. The
marl is generally sandy and contains con-
siderable glauconite. On natural outcrops it
is of a rusty yellowish color, but where less
weathered it Is gray or green.

strata usually form gentle slopes between the
harder Glendon limestone member of the
Marianna limestone, below, and the Catahoula
sandstone, above. 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
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in a ravine 11 feet below the wagon bridge on
the east side of Waltersville.

Section between Waltersville and the National Cemetery.

‘ Feet.
12. Loess........ e 25+
11. Coarse gravel, pebbles 2 inchesin maximum
length, in matrix of irregularly 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 13} 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 ‘abun-
dant. Top is yellowish-gray, sparingly
glauconitic, ferruginous shell marl with
Ostrea vicksburgensts, Pecten poulsont, etc. 38
8. Gray or hrown argillaceous marl and brown
clay with occasional plant remains asso-
ciated with mollusks. Shells especially
abundant near the top. Dentalium mis-
sissippiense, Pecten poulsomr, etc.........
Marjanna limestone (Glendon limestone member):
7. Gray glaucouitic, somewhat indurated marl
with poorly preserved fossils. Nodular in
UPPEr PAFb. oottt ciaaaa
6. Blue-gray or gray fossiliferous glauconitic
argillaceous marl with some stiff blue clay
at top.” Lepidocycling. .................. 4
- 5, Gray marl, slightly inqurated at top, which
forms a projecting ledge over Nos. 3 and 4.
The top is level with the floor of the bridge
atthesouthend.. ... ... ... ..., 5
4, Stiff brown clay with thin partings of marl 1
3. Gray or vellow marl with obscure fossils; a
thin band of brown clay at bottom........
2. Hard pinkish-gray limestone with a little
glauconite and fragments of Pinna, etc.
A few inches at top consists of soft lami-
nated gray marl with abundant Lepido-
eyclina and Pecten poulsoni.............. 2.,
1. Gray or cream-colored sandy marl, with
flakes of mica and small grains of glau-
conite. Pecten poulsont and fragments of
other fossils. Thickness seen...........

The fossil species in the following list were
obtained from the Byram marl at this locality:

Station 7372. Road north of the National Cemetery,
north of Vicksburg, Miss., beds 8 and 9 of section; C. W,
Cooke, collector, May 16, 1915:

Lepidocyclina supera (Conrad).
Archohelia mississippiensis (Conrad).
Archohelia vicksburgensis (Conrad).
Actaeocina crassiplica (Conrad).
Terebra tantula Conrad.

Terebra divisura Conrad.

Turris (Pleuroliria) cochlearis ((‘onrad)
Bathytoma congesta (Conrad).

4.5

4.5

1.5

'
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Surcula (Pleurofusia) vicksburgensis (Conrad).
Cochlespira cristata (Conrad).

Drillia abundans (Conrad).

Drillia tantula (Conrad). :

- Scobinella caelata Conrad. o

Conus protractus Meyer. l
Conus alveatus Conrad.

Olivella mississippiensis (Conrad).

Olivella aflluens Casey.

Caricella demissa Conrad.

Lyria mississippiensis (Conrad).

Busycon spiniger (Conrad).

Latirus protractus (Conrad). ,
Xancus wilsoni (Conrad),

Phos mississippiensis (Conrad).

Rapana n. sp. (O. B. Hopkins, collector).

- Murex mississippiensis Conrad.

Galeodea (Sconsia) lintea (Conrad).

Ficus mississippiensis Conrad.

Aporrhais lirata (Conrad).

Architeetonica trilirata (Conrad).
,Sinum niississippiense (Conrad).

Fissuridea mississippiensis (Conrad).
Dentalium mississippiense Conrad.
Scapharca lesueuri Dall.

Ostrea vicksburgensis Conrad.

Pecten poulsoni Morton.

Corbula engonata Conrad.

Protocardia diversa (Conrad).

Pitaria (Lamelliconcha) imitabilis (Conrad).
Macrocallista (Chionella) sobrina (Conrad).
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 hsted under

station 7385.
BYRAM.

In the bank of Pear] River at Byram are the
typical exposures of the Byram marl. Broad
ledges of indurated glauconitic marl alternat-
ing with softer beds of green clay rise about 10
feet above low-water mark. The rock is
abundantly fossiliferous, and most of the fossils
are contained in pockets of softer marl. The
species which have been obtained from these

'| beds are included in the general list.

The marl beds and ledges of impure limestone
extend up and down the river from Byram for
several miles, but the individual exposures
show thicknesses so small that it is difficult to

_determine just where to draw the line between

the Byram marl and the Marianna limestone.
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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 ex-
posed consist of only 2% feet of bluish lignitic
clay and fossiliferous blue sand, which form a
shelf-like bench near water level, but the sands
have yielded the large and characteristic fauna
which is listed under stations 5615 and 7376.

WOODWARDS.

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 resem-
bles. In addition to many Foraminifera, in-
cluding Lepidocyclina supera (Conrad), which

. is characteristic of the Byram marl, the follow-
ing species have been collected:

Station 6648. Chickasawhay River at wagon bridge one-
fourth 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 vicksburgensis 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 prin-
cipal collections of the U. S. National Museum
from the Byram marl. The corals were named
by T.W.Vaughan. Iidentified the mollusks and
echinoderms and prepared thelists. The listin-
cludes 5 corals, 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-
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rammarl. 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 Vicks-
burg of a coral which Vaughan reports from the
coral reef at Bainbridge, Ga., from Tampa, Fla.,
and from many places in the West Indies sug-
gests a closer relation of the Oligocene. chert of
Flint River to the Byram marl than had hith-
erto 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 varieties of Forami-
nifera 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 num-
ber. A monograph by Canu and Bassler?’
adds 45 Bryozoa to the fauna of the Byram
marl.

Stations of the Byram marl.

3722. Vicksburg, Miss. Bluff just above second sawmill
on the river. Horizon No. 2 from top. T. W. Vaughan,
collector, 1900. .

3724. Vicksburg, Miss. Horizon above waterfall on
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 Avenue, Vicksburg, Miss., 600 to 700
feet north of bridge over Glass Bayou. C. W. Cooke, col-
lector, 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.
Lowe, collector, September, 1912.

7376. Leaf River, Smith County, Miss., half a mile below
the wagon bridge on Taylorsville-Silvarena road, near old

E. N.

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.

7 Canu, Ferdinand, and Bassler, R. 8., North American early Tertiary
Bryozoa: U. S. Nat. Mus. Bull. 106, 1920.
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Vicksburg.

Byram.

3722

3724

3729

6455

Mint

Spring
marl.

Red
Bluft -
. clay.

Haynes
Bluff.
7385
Turbinolia insignifica Vaughan?...| X
Arclac;heha mississippiensis (Con-

Y ) P
Archobhelia vicksburgensis (Conrad).] X
Balanophyllia caulifera (Conrad)..|......
Dendrophyllian. sp...............[......
Acteocina crassiplica (Conrad)...... X
Volvulasp.................o... ..
Cylichnasp....oc.ooeienoennaaa..
ACYS 8P e
Ringicula mississippiensis Conrad. :|......
Ringiculan.sp...... ... ... ..l
Terebra divisura Conrad ...........|......
Terebra tantula Conrad............ X

Turr(ilg (Pleuroliria) cochlearis (Con-
rad) .
Gemmula rotaedens (Conrad)
Gemmula tenella (Conrad)........
Bathytoma, congesta (Conrad)
Sur%ula, (Pleurofusia) decliva (Con-
rad)..
Surcula (Pleurofusia) vicksburgen-
818 (Casey) . ooee i
Surc&l)la (Pleurofusia) servata (Con-
£V |
Surcula (Pleu.rofusm) clarkeana
(Aldrich). .. ........... ... .. ...
Microsurcula intacta Casey.........
Microsurcula aff. M. intacta Casey .
Microdrillia infans var. vicksburg-
ellaCasey?. ..cveeeinnnn...
Cochlespira cristata (Conrad)......
Cochlespira sp............c..... L.
Drillia tantula (Conrad)............
Drillia abundans (Conrad)..........
Drillia caseyi Aldrich..............
Mangilia? cf. M. meridianalis Meyer
Borsonia 8p. . ..ceeeiii e
Scobinella caelata Conrad..........
Scobinella pleuriplicata Casey.....
Conorbis porcellana (Conrad).......
Conus alveatus Conrad............
Conus f)rotractus Meyer............
Cancellaria mlsmssnpplensm Conrad
Cancellariasp.c................1
Olivella mississippiensis (Conrad) .
Olivella affluens Casey .
Olivellan.sp. . ...cooeoeeiai.. ..
Marginellasp. ... ...............
Caricella demissa Conrad...........
Caricella demissa Conrad var. . ....
Caricellasp.......................
Lyria mississippiensis (Conrad) .....
Mitra conquisita Conrad . e
Mitra cellulifera Conrad............
Conomitra, vicksburgensis (Coma,d) 3
Conomitra staminea (Conrad).......
Xancus wilsoni (Conrad)...........
Latirus protractus (Conrad). . .. ...
Latirus perexilis (Conrad). ........
Busycon spiniger (Conrad).........
Clavilithes aff. C. humerosa (Con-
Y 1 T
Fusinus mississippiensis (Conrad)?.

Byram marl.
6449 5623
X Jeeennn
...... X

Leaf River.
5615 7376
TxT

D G PO,

X X
...... X
------ X
------ X

......




84 SHORTER CONTRIBUTIONS TO GENERAL GEOLOGY, 1921,

Species of corals, mollusks, and echinoderms from the Byram calcareous marl—Continued.

Byram marl.

Haynes|
Blﬁ .

Vicksburg.

Leaf River.

3724

3729

5623

Mint
Spring
marl.

Red
Bluff
clay.

Phos mississippiensis (Conrad). . ...
Phos mississippiensis (Conrad) var.
Phos vicksburgensis (Aldrich)......
Phosep. oo
Columbella (Astyris) sp............
Murex mississippiensis Conrad. . ...
Murexsp. . ..ot
Typhis curvirostratus Conrad.......
Distorsio crassidens (Conrad).......
Distgl)'sio aff. . abbreviatus (Con-
¢ ) T
Phalium caelatura (Conrad). . ... ..
Galeodea (Sconsia) lintea (Conrad).
Galeodeasp.- .......c.ocoui..lt
NiBOBP . oo e e
Pyramidella (Syrnola) sp...........
Ficus mississippiensis Conrad. ... ..
Cypraea sphaeroides Conrad. ... ...
Cypraea lintea Conrad.............
Ovula (Simnia) sp.-...............
Aporrhaisg lirata, (%onrad) ..........
Epitonium trigintanarium (Conrad
Epitonium sp............ e
Turritella caelatura Conrad. . ......
Turritella mississippiensis Conrad. .
Triphorissp.......ccovieieia e,
Architectonica trilirata (Conrad)....
Calyptraea sp........cc.ooeeeoaa.n
Xenophora 8p.-......cocovuenen.n
Naticasp.a..............oo...
Naticasp. bo.ooooveeiii ..
Naticasp. Covcevennnnnnnnna. ..
Lunatia vicksburgensis (Conrad). . .
Lunatiasp. g...c.oooeee i o...
Sinum mississippiense (Conrad). ...
Sinum sp...... ...
Sinum (Eunaticina) conradii (Dall).
Fissuridea mississippiensis (Conrad)
Dentalium mississippiense Conrad. .
Cadulus vicksburgensis Meyer. . ...
Nucula vicksburgensis Conrad. . .. .
Leda n. sp...... e isaaanaeaoann
Yoldia serica (Conrad)?...........
Glycymeris arctata (Conrad).......
Scapharca lesueuri Dall. ... ......
Barbatia mississippiensis (Conrad)?.
Pinna (Atrina) argentea Conrad.. ..
Pteria argentea (Conrad)..........
Ostrea vicksburgensis Conrad. ... ..
Pecten poulsoni Morton. ...........

Pecten (Pseudamusium) subminu- |.

tus Aldrich..... e
Modiolus mississippiensis Conrad?..
Modiolus S}) .......................
Panope oblongata (Conrad).........
Corbula engonata Conrad.eee......
Corbula laqueata Casey............

Corbula alta Courad............... .

Spisula funerata (Conrad). ........
Donax funerata Conrad.............
Donax cf. D. funerata Conrad. ... ..
Psammobia lintea Conrad . ........
Tellina vicksburgensis Conrad. . ...
Tellina (Scissula)? sp..............
Telling 8p.-ccveveneacaoianannnn..
Semele 8p..ccceeeiiiiiiiiiiia..
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Species of -corals, mollusks, and echinoderms from the Byram calcareous marl—Continued.

Byram marl.

%"}ﬁ‘ées Vicksburg.

Mint | Red
Byram. Leaf River. | Spring | Bluff
marl. | clay. |

7385 3722 3724 3729

6449 5623 | 6454 6455 5615 7376

Macrocallista, (Chionella) sobrina

(Conrad)......ooooiiiiiiiaiat
Macrocallista p..... . ...oeuvnn....
Pitaria imitabilis (Conrad).........
Pitaria astartiformis (Conrad)......
Pitaria floridana Dall.._..... . ...

Cardium vicksburgense Conrad ?...
Cardium glebosum Conrad.........
Protocardia diversa (Conrad).......
Lucina mississippiensis Conrad. . ..

Dall. e e e X ) P D I P
Crassatellites mississippiensis ) ’ , _

(Conrad) . .vneeeneiaeinannns X | X |- X feenns X | X | x| X | X feeneen
Crassinella 8p. .. .vovlomeneoee oo oo oo X X D P

 Astarte cf. A. triangulata Meyer....| X | S I S U

Astarte sp...c.oooooiiiao. DA DA PR SR MR FI SO D G PP PO [P IR P
Verticordia dalliana Aldrich....... b G P P U de e O P X X
gli?easter rogersi (Morton)?.......|[... | i feaafoaa it X X b S PN X feaeen

c

zaster? Sp. ... e X b W PR PR PRI SR

The following list enumerates the species
of Bryozoa which have been recorded by Canu
and Bassler ! from the Byram marl in Missis-
sippi. The initials B and W indicate that the
species so marked occur at Byram and Wood-
wards, 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. '

\f Conopeum concavum Canu and Bassler.
JB Hinksina ocalensis Canu and Bassler. |

V Membrendoecium lowei Canu and Bassler.
V Membraniporidra similis Canu and Bassler.
W Stamenocella inferaviculifera Canu and Bassler.
W Stamenocella grandis Canu and Bassler.

W Scrupocellaria cookei Canu and Bassler.

W Scrupocellaria williardi Canu and Bassler.
W Scrupocellaria clausa Canu and Bassler.

VBW Nellia oculata Busk.

JB Nellia bifaciata Canu and Bassler.

B Diplopholeos lineatum Canu and Bassler.
JB Floridina antiqua Smitt.

1 Canu, Ferdinand, and Bassler, R. 8., North American early Ter-
tiary Bryozoa: U. S. Nat. Mus. Bull. 106, pp. 34-38, 1920.

RVBW Lunularia (Oligotresium) vicksburgensis Conrad.
VW Lunularia tintinabula 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 strangulata 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 Bassler.
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.
CIVW Pleuronea subpertusa Canu and Bassler.
"V Pleuronea fenestrata Busk.
JW Idmonea milneana D’Orbigny.
JW Idmonea petri D’Archiac.
W Idmonea triforata Canu.

~






THE FORAMINIFERA OF THE BYRAM CALCAREOUS MARL AT BYRAM,
' "MISSISSIPPI.

By Josepu A. CusaMAN.

INTRODUCTION.

The lower Oligocene of the southeastern
Coastal Plain of the United States is in Missis-
sippi divisible into several distinct members.
Farther east these divisions are not so clearly
distinguishable. Of the divisions in Missis-
sippi the Byram calcareous marl is the young-
est. The type section for the Byram marl is
an exposure at the bridge over Pearl River
at Byram, Hinds County, Miss. The forma-
tion is mainly a sandy glauconitic marl with
thin beds of impure limestone, 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 section of the
Byram calcareous marl, 28 appear to have
been previously undescribed, and 8 of these are
recorded under the genus only, as the available
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 echino-
derms, 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 Foramini-
fera so far known from the Atlantic and Gulf
Coastal Plain of the United States and to the
living Foraminifera of certain regions, espe-
cially 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 Indo-
Pacific. Such species as Textularia folium
Parker and Jones, Bolivina amygdalacformis
H. B. Brady, Bolivina nitide H. B. Brady. and
Hauerina fragilissima H. B. Brady  are now
living in the Indo-Pacific region but are not
recorded elsewhere nor have they been pre-
viously recognized in the fossil form. They
show rather conclusively that there is a véry
closé 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, Dis-
corbis byramensis Cushman, n. sp., is nearest
in it$ affinities to D. corrugata Millett, described
from specimens collected in the Malay Archi-
pelago and recorded by Heron-Allen and Ear-
land 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 il. B. Brady and
D. tabernacularis H. B. Brady, both typical
Indo-Pacific. species. . The Byram species is
then a fossil representative of a small well- .
distinguished 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 i\s known from the shallow
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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. Truncatulina
byramensis is closely related to T basiloba Cush-
man and 7. concentrica Cushman, from the
Miocene of South Carolina and Florids.

-Lepidocyclina superd (Conrad) is characteris—

tic of a group which so far a3 known is limited to
thishorizon and not known elsewhere. L.supera
seems to be an index fossil of the Byram marl.

RELATION OF BYRAM FAUNA TO FAUNAS OF
OTHER LOWER OLIGOCENE FORMATIONS.
The foraminiferal faunas of the other divi-

sions of the lower Oligocene have not been

thoroughly studied except at the type stations.

Evidence is therefore incomplete as to the defi-

nite relationships of the several faunas.

Enough is known, however, to show that a

number of the species of the Byram marl are

found also in the Mint Spring marl and a lesser
number in the Red Bluff clay, both of which lie
below the Byram marl in Mississippi. Some of
these species are also found in the Marianna
limestone of Alabama and Florida, but the
ecologic conditions of Florida and Mississippi
in early Oligocene time were evidently very

different, and that alone would account for a

considerable difference in the faunas.

ECOLOGIC CONDITIONS UNDER WHICH THE

BYRAM MARL WAS DEPOSITED.

From ‘a comparison of the records for those
species which are found fossil in the marl at
Byram and also living in the Indo-Pacific
region it is evident that the Byram marl was de-
posited in comparatively shallow water (10 to
25 fathoms). As nearly all these species occur
in the tropical and subtropical waters of the
Indo-Pacific, it would seem that the water at
Byram must have had at least subtropical
temperature (between 20° and 24° C.). As the

\
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Miocene climate was evidently colder, espe-
cially along the Atlantic coast, this alone is
probably sufficient reason for the extinction
of those species which persisted in the general
reglon until that time.

SPECIES INCLUDED.

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 .par-
ticular 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.

Textulariidae:
Textularia agglutinans D’Orbigny.
. Textularia tumidulum Cushman, n. sp.
Textularia subhauerii Cushman, n. sp.
Textularia mississippiensis Cushman, n. sp.
Textularia folium Parker and Jones.
Bolivina amygdalaeformis H. B. Brady.
Bolivina nitida H. B. Brady.
Bolivina robusta H. B. Brady.
Bolivina mississippiensis Cushman, n. sp.
Verneuilina spinulosa Reuss var. glabrata Cushman,
n. var.
Clavulina byramensis Cushman, n. sp.
Virgulina sp.
Bulimina ovata D’Orbigny?
Ehrenbergina glabrata Cushman, n. sp.
Lagenidae: :
Nodosaria sp.
Nodosaria sp.?
Cristellaria sp.
Vaginulinalegumen (Linnaeus) D’Orbigny var. elegans
D’Orbigny? -
Polymorphina gibba D’Orbigny.
Polymorphina gibba D’Orbigny, ﬁstulose form.
Polymorphina regina H. B. Brady, Parker, and Jones.
Polymorphina byramensis Cushman, n. sp.
Polymorphina problema D’Orbigny?
Polymorphina amygdaloides (Reuss) Reuss.
Uvigerina byramensis Cushman, n. sp.
Globigerinidae:
Globigerina bulloides D’Orbigny.
Globigerina triloba Reuss.
Rotaliidae:
Spirillina subdecorata Cushman, n. sp.
Discorbis byramensis Cushman, n. sp.
Discorbis orbicularis (Terquem) Berthelin.
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Rotaliidee—Continued.
- Truncatulina lobatula (Walker and J: acob) D’Orbigny.
Truncatulina byramensis Cushman, n. sp.
Truncatulina americana Cushman. .
Truncatulina pseudoungeriana Cushman, n. sp.
Anomalina bilateralis Cushman, n. sp.
Anomalina grosserugosa (Giimbel) H. B. Brady? var.
Anomalina mississippiensis Cushman, n. sp.
Siphonina advena Cushman, n. sp.
Gypsina rubra (D’Orbigny) Heron-Allen and Earland.
Pulvinulina byramensis Cushman, n. sp.
Pulvinulina advena Cushman, n. sp.
Pulvinulina glabrata Cushman, n. sp.
Rotalia byramensis Cushman; n. sp.
Rotalia dentata Parker and Jones.
Asterigerina subacuta Cushman, n. sp.
. Nummulitidae:
Nonionina umbilicatula (Montagu) Parker, Jones, and
H. B. Brady.
Nonionina scapha (Fichtel and Moll) Parker and Jones.
Nummulites sp.
Lepidocyclina supera (Conrad) H. Douvﬂlé
Miliolidae:
Cornuspira involvens (Reuss) Reuss.
Spiroloculina grateloupi D’Orbigny.
Spiroloculina byramensis Cushman, n. sp.
Spiroloculina imprimata Cushman, n. sp.
Vertebralina advena Cushman, n. sp.
Vertebralina 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) Mlllet;t
Hauerina sp.?
Articulina byramensis Cushman, n. sp.
Massilina crusta Cushman, n. sp.
Massilina occlusa Cushman, n. sp.
Massilina occlusa Cushman, n. sp.,
* Cushman, n. var.
Triloculina rotunda D’Orbigny.
Triloculina oblonga (Montagu) D’Orbigny.
Triloculina trigonula (Lamarck) D’Orbigny.
Biloculina sp.?

var. costulata

DESCRIPTIONS.
‘Family TEXTULARIIDAE,
Genus TEXTULARIA Defrance, 1824.

Textularia agglutinans D’Orbigny.
Plate XIV, figures 1a, 1h.

Textularia agglutinans D’Orbigny, in De la Sagra, Histoire
physique, politique et naturelle de I'ile de Cuba,
Foraminiféres, p. 136, pl. 1, figs. 17, 18, 32-34, 1839.

H. B. Brady, Challenger Rept., Zoology, vol. 9, p. 363,

v pl. 43, figs. 1, 2, 1884.

Cushman, U. S. Nat. Mus. Bull. 71, pt. 2, p. 9, figs.
102, b (in text), 1911.

Test elongate, large and stout, gradually
tapering from the initial end, chambers nearly
as high as wide, tumid; sutures depressed, dis-
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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 usu-
ally 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
descrlbed by D’ Orblgny, 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, 2b.

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 is reduced ; chambers numerous, in
the adult about three times as wide as high,

and the last-formed chamber 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 thickness 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 typ-
ical adult (except that the sutures are more
distinet 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 X1V, figures 2a, 2b.

Test large, stout, elongate, early portion
rapidly increasing in width with each newly
added chamber, later adult portion with the



90

sides nearly parallel, slightly lobulated; periph-
ery 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?® figure a Textu-
laria from the Kerimba Archipelago, off the
southeastern coast of Africa, which they refer

to T. hauerii D’Orbigny. In some of its char-

acters our Byram marl species resembles this.
A similar form from the Philippines I have
referred to 1. hauerii. A study of D’Orbigny’s
T. haueriz from the Vienna Basin, however,
shows that it is very different from the Byram
species.and apparently also different from the
Philippine and Kerimba species.

Textularia mississippiensis Cushman, n. sp.

Plate XIV, figure 4.

Test elongate, fairly broad, thickest in the
middle, thence thinning toward the periphery,
in end view biconvex, central portion curved;
chambers rather low ‘and broad, especially in
the early stages, becoming lngher in the adult
and often less broad so that the later chambers
in the adult make a test less wide than at
earlier stages; sutures covered by a coarsely
arenaceous layer meeting in the center and at
the periphery, leaving the central portion of
each chamber uncovered, periphery irregular,
not definitely or regularly spinose; chamber
walls smooth and finely perforate. Length
0.40 to 0.55 millimeter.

This is a common small species in the Byram
marl. It is in general character very uniform
in the material studied and also very constant
in size. In some of its features it resembles
T. pseudocarinata Cushman (7. carinata H.
B. Brady; not 7. carinata D’Orbigny), but it
is much smaller and lacks the strongly rhom-
boidal shape in end view, and the carinae and
especially the spines are not so definitely de-
veloped. T. pseudocarinata is especially char-
acteristic of the Philippine region. The Byram
species also resembles very much the form I
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have described as T. sagittula var. atrata,’
which came from the eastern channel of Korea
Strait, in 59 fathoms.

Textularia folium Parker and Jones.
Plate X1V, figure 3.

- Textularia folium Parker and Jones, Roy. Soc. Philos.

Trans., vol. 155, pp. 370, 420, pl. 18, fig. 19, 1865.

Moebius, Beitrige zur Meeresfauna der Insel Mauritius,
p- 92, pl. 8, figs. 16, 17, 1880.

H. B! Brady, Challenger Rept Zoology, vol. 9, P 357,
pl. 42, figs. 1-5, 1884.

Egger K bayer Akad Wiss. Miinchen 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. 127, pl. 9, fig. 4, 1907 [1909].

Rhumbler, Zool. Jahrb., Abt. Syst., vol. 24, p. 59,
pl. 5, figs. 51, 52, 1906.

- Bagg, U. S. Nat. Mus. Proc., vol. 34, p. 130, 1908. -

Cushman, U. 8. Nat. Mus. Bull. 71, pt. 2, p. 19,
figs. 31—33 (in text), 1911.

Heron-Allen and Earland, Zool. Soé¢. London Trans.,
vol. 20, p. 623, 1915. .

Test small, very much flattened, broad, in
front view - triangular, in edge view narrow,
tapering toward the acute margins; chambers,
especially in later development, broad and
low, somewhat recurved, the inner and distal
margins thickened, prolonged at the periphery
into short backward-pointing spinose processes,
smooth; wall fairly thick. Length not usually
exceedmg 0.5 millimeter.

This species is rare in the Byram marl at
Byram (U. S. G. S. station 6455).- The only
difference between this and living specimens
lies in its more regular development of spinose
prOJectlons It is very interesting, however,
in showing the relationship of the Byram marl
fauna to existing faunas. At the present time
the species seems to be confined to the Indo-
Pacific region and is more abundant in the
south Pacific than elsewhere. It is known
from rare specimens obtained in Mauritius
(Moebius) and in the Kerimba Archipelago, off

southeastern Africa (Heron-Allen and Earland).

It was originally described from specimens
collected in the shore sands of Melbourne,
Australia, by Parker and Jones. H. B. Brady
gives the following localities in the Challenger
report: Off East Moncoeur Island, Bass Strait,
38 fathoms; off Raine Island, Torres Strait,
155 fathoms; off Kandavu, Fiji, 255 fathoms;
off Levuka, Fiji; Nares Harbor, Admiralty
Islands, 17 fathoms; Honolulu coral reefs,

1Zool. Soc. London Trans., vol. 20, p. 628, pl. 47, figs. 21-23, 1915,

17.'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 recorded 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. k

Genus BOLIVINA DfOrbigny, 1839.
Bolivina amygdalaeformis H. B. Brady.
Plate X'V, 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.

Test elongate, somewhat fusiform, thickest
in the middle, periphery well rounded cham-
bers comparatively' few; sutures hldden by
the ornamentation of the surface, consisting of
numerous longitudinal irregularly anastomos-
ing costae; the last-formed chambers lacking
the costae but with numerous large depres-
sions; aperture terminal, elongate-oval, some-
what 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
described by Brady from specimens obtained
off the Philippines at 95 fathoms, off the Ad-
miralty 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 from two Albatross sta-
tions—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 exist-
ing fauna of the south Pacific, Australian,
East Indian, and Philippine regions.

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 laevigata H. B. Brady (not B. 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 shéll substance.
Sutures even; aperture 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 ex-
treme, 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 distinguish-
ing 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 these stations, and
the lack of records elsewhere seems to show that
it is either local or rare. Its occurrence in the
Byram marl is therefore decidedly 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. Miinchen Abh., Cl. 2,
vol. 18, p. 294, pl. 8, figs. 31, 32, 1893.

Millett, Roy. Miecr. 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, Zool. Soc. London Trans. .
vol. 20, p. 646, 1915, 4

Test small, in front view rhomboid, thickest
along the medlan line, thence gradually sloping
to the sides; chambers numerous, usually much
lower than wide, slightly tumid, especially
in the last-formed portion, sutures distinct,
curved, slightly depressed, in the later cham-

‘bers often with the posterior side of the cham-

ber crenulate with numerous reentrants; wall
with numerous rather coarse perforatlons
Length usually less than 0.5 millimeter.

Small specimens of this species are common
in the Byram marl material examined. None
of the specimens have the stout apical spine
which appears in at least one form of the spe-
cies in its living form.

There is probably more than one form or va-
riety 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 Pa-
cific, and Heron-Allen and Earland record it
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from the western part of the Indian Ocean, off
the coast of Africa. In spite of other records

the typical form of the species-occurs malnly in |

the Indo-Pacific region.

Bolivina mississippiensis Cushman, n. sp.
Plate XV, figure 5.

Test elongate, slender, gradually tapering
from the subacute initial end to the broadly
rounded apertural end; thickest in the median
line; chambers numerous, wider "than high,
curved, sutures marked by limbate lines,
broadly curved and somewhat broken near the
inner end, not depressed; surface of test smooth
and even. Length about 0.4 millimeter.

This species is rare in the Byram marl. It
may be distinguished by the narrow, tapering
form, the peculiarly marked suturesy and the
very even smooth surface.

Genus VERNEUILINA D’Orbigny, 1840.

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

Test pyramidal, three-sided, widest above
the middle, generally triangular in transverse

section, the sides somewhat concave; angles of.

the test bluntly angled or even rounded, with-
out 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 Indo-
Pacific region. :

Genus CLAVULINA D’Orbigny, 1826.
Clavulina byramensis Cushman, n. sp.

Plate X VI, figure 1.

Test elongate, subcylindrical, the early
chambers triserial, forming but a small por-
tion of the test; later ones uniserial, both por-
tions rounded; sutures slightly depressed, often
not very distinct otherwise; aperture termi-
nal, central, rounded; wall coarsely arena-
ceous but smoothly finished. Length 2 milli-
meters or less.
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- This form is very common in the Byram
marl and one of the characteristic species.

The early portion is small in proportion to
the whole test and consists of a considerable
number of rounded chambers in a triserial
arrangement, but the resulting mass with
rounded angles forms a bulbous tip to the
otherwise tapering test. The sutures of this
early portion are usually very indistinct.

This resembles certain tropical Pacific spe-
cies and probably has its affinities in that
region. It is quite likely that Pacific forms
which have been referred by authors to C.
parisiensis D’Orbigny are closer to this species.

Genus VIRGULINA D’Orbigny, 1826.
Vfirgul_ina sp.
Plate XVI, figures 2a, 2b, 3.
A rare species in the marl at Byram is fig-

{ured. It is much compressed, the later cham-

bers resembling those of Bolivina in being elon-
gate and curved. The surface is smooth, and
in some of its characters this form resembles
V. subsquamosa Egger, but it does not have
the curved 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 Heron-
Allen and Earland? assign to V. schreibersiana
Czjzek are very similar to this. They note that
the typical form is very rare and thensay: “The
form generally assumed throughout the gather-
ings is a broad-mouthed, somewhat compressed
but regular-chambered type, varying greatly in
proportionate length and breadth.” Our speci-
mens in certain respects resemble this form.

Génus BULIMINA D’Orbigny, 1826.
Bulimina ovata D’Orbigny?
Plate X VI, figure 4.
Bulimina ovata” D’Orbigny, Foraminiféres 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 marl,
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 de-
pressed sutures.

8Zool. 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, distinet, low and broad,
sutures distinct, on the ventral side at the bot-
toms 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 dis-
tributed deep-water species E. serrata Reuss
in the rounded chambers, smooth surface, and
lack of spines or sharp angles. '

A form that occurs in comparatively shal-
low water in the Australian region is very
similar to the species figured here and may be
the same. The identity would not be surpris-
ing, in view of the relationships of other species
already noted.

Family LAGENIDAE,

Genus NODOSARIA Lamarck, 1812.
Nodosaria sp.
Plate XVI, figure 5.

A single specimen of Nodosaria in the
material from the Byram marl is-incomplete,
showing only the last four chambers. It has
a tapering form, well-defined chambers, and
the surface ornamented by ten to twelve
longitudinal costae. This specimen is here
figured but not identified specifically, as the
material is not well enough preserved.

Nodosaria sp.?
Plate X VI, 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 marked.
It can not be identified specifically until more
material is available. '

Genus CRISTELLARIA Lamarck, 1812.
Cristellaria sp.

‘A ‘single specimen of the genus Cristellaria

is included in the Byram marl material exam-
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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 continuous; 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 its specific assign-
ment should await the finding of more mate-
rial.

Genus VAGINULINA D’Orbigny, 1826.

Vaginulina legumen (Linnaeus) D’Orbigny var. elegans
(D’Orbigny) Fornasini. '

Plate XVII, figure 1.

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 Philip-
pine region. ‘

Genus POLYMORPHINA D’Orbigny, 1826.
Polymorphina gibba D’Orbigny. :
Plate XVII, figure 3.

Polymorphina subcordiformia vel oviformia Soldani,
Testaceographiae, vol. 1, pt. 2, p. 114, pl. 113,

figs. zz, C, etc., 1791,
Polymorphina (Globulina) gibba D’Orbigny, Annales sci.
nat., vol. 7, p. 226, No. 20, Modéles, No. 63, 1826.
Egger, Neues Jahrb., 1857, p. 288, pl. 13, figs. 1-4."
Polymorphina gibba H. B. Brady, Parker, and Jones (part),
Linnean Soc. London Trans., vol. 27, p. 216, pl. 39,
figs. 2a-d, 1870.
H. B. Brady, Challenger Rept., Zoology, vol. 9, p. 561,
pl. 71, 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. 71, pt. 3, p. 85, pl. 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, dis-
tinct, sutures distinct, but little if at all exca-
vated; wall smooth and translucent; aperture
slightly produced, radiate. Length 0.75 milli-
meter or less.
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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 g¢lobosa 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.

Polymorphina regine H. B. Brady, Parker, and Jones, Lin-
nean 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. 8. 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. 8. Nat. Mus. Bull. 71, pt. 3, p. 91, pl.
41, figs. 6, 7, 1913; U. S. Geol. Survey Bull. 676, p.
54, pl. 11, figs. 3, 4, 1918.

Heron-Allen and Earland, Zool. Soc. London Trans.,
vol. 20, p. 673, 1915.

Test elongate, fusiform; chambers tumid,
distinct, especially in the later portion, sutures
deep; wall ornamented by numerous longi-
tudinal costae, usually continuing unbroken
across several chambers; aperture radiate,
somewhat produced. Length 1 millimeter or
less. :

This species is rare in the Byram marl. - Itis
known from the Miocene of the Coastal Plain in
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the Calvert formation of Chesapeake Beach,
Md, (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 sub-
tropical Pacific and Indian oceans.

This is another of the species by which the
foraminiferal fauna of the Byram marl is cor-
related with the living fauna of the Indo-
Pacific.

The specimen here figured is a young one
with but a few chambers developed, not show-
ing the typical adult form.

Polymorphina byramensis Cushman, n. sp.
Plate XVII, ’f{gu.res 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 common species in the
Byram marl. It is characterized by its trun-
cate base and triangular form. It resembles
the group of Polymorphina represented by P.
trigonula Reuss. Sidebottom* 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. ¢ibba 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 problema D’Orbigny?
Plate XVIII, figure 1.

Polymorphina (Guttulina) problema D’Orbigny, Annales
sci. nat., vol. 7, p. 266, No. 14, Modeles, No. 61,
1826, ,

Guttulina problema D’Orbigny, Foraminiféres fossiles du
bassin tertiaire de Vienne, p. 224, pl. 12, figs. 26-28,
1846.

The form of Polymorphina problema found in
the Byram marl is not unlike that figured by
Brady *® but is even more like recent specimens

4+ Manchester Lit. and Philos. Soc. Mem. and Proc., vol. 51, No, 9,
p. 9, pl. 2, fig. 11, 1807,

y 8;4 Challenger Rept., Zoology, vol. 9, p. 568, pl. 72, fig. 20; pl. 73, fig. 1,
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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 amygdalotdes 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, 1908.

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. 8. Nat. Mus. Bull 71, pt. 3, p. 85, pl. 41,
fig. 5, 1913,

Test elongate-oval, much compressed com-
posed of few chambers which are elongate and
narrow; sutures rather indistinct, not de-
pressed; 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, dis-
tinct, 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-
meter.

This species, which is the only one of the
genus 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.
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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, Modéles, Nos. 17, 76, 1826; in Barker,
Webb, and Berthelot, Histoire naturelle des iles
Cananes pt. 2, Foraminiféres, 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 speclmens referred to @.
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.

Rlobigerina triloba Reuss, Akad. Wiss. Wien Denkschr.,
vol. 1, p. 374, pl. 47, figs. 11a—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 Reuss 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 SPIRILLINA Ehrenberg, 1841.
Spirilline subdecorata Cushman, n. sp.
Plate XIX, ﬁgures 4, 5.

Test discoidal, much fiattened, consisting
of eight or more coils, slightly embracing, dor-
sal 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 gran-
ular, 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 Byram. One of these
is attached to a shell fragment by the ventral
side. :

This species is perhaps nearest in character
to 8. 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 chambers in each of the four or more
coils, their margins uniting to form a series of
eight ribs extending radially from the apex of
the test to the periphery, the lateral sutures
much less distinct, 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 Archi-
pelago and recorded by Heron-Allen and Ear-
land 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. byramensts and is much higher in pro-
portion. 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 re-
lated to D. patelliformis H. B. Brady and D.
tabernacularis H. B. Brady, both typical Indo-
Pacific species.

With the geographic relationships of D. by-
ramensis its occurrence in the lower Oligocene
of Mississippi is very interesting.

Discorbis orbicularis (Terquem) Berthelin.
Plate XIX, figures 9, 10.

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, 1870.

Discorbis orbicularis (Terquem) Berthelin, Liste des
foraminiféres recueillis dans la baie de Borgneuf
et & Pornichet, p. 39, No. 63, 1878.

Cushman, U. 8. 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., Zoalogy, vol. 9, p. 647, pl. 88, figs. 4-8, 1884
(and numerous subsequent authors).

A few specimens of the broad, flat, scalelike

form that is common in shallow water of tropi-
cal and subtropical seas were found in the marl
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at Byram. They arehere referred to D. orbicu-
laris Terquem, although the number of cham-
bers is much less than in the usual form of that
species. All the specimens are of similar size
andcharacter. Diameter 0.55millimeterorless.

The figures of specimens referred to this
species by various authors show a considerable
range of form and character.

Genus TRUNCATULINA D’Orbigny, 1826.

Truncatulina lobatula (Walker and Jacob) D’Orbigny.
Plate XX, figures 1-3.

““Nautilus spiralis lobatus, etc.,”” Walker and Boys, Tes-
tacea minuta rariora, p. 20, pl. 3, fig. 71, 1784.
Nautilus lobatula Walker and Jadob, 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 iles Canaries, vol. 2, pt. 2, Foraminiféres, p. 134,
pl. 2, figs. 22-24, 1839; Foraminiféres 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.

* Specimens of an abundant form in the Byram
marl are referred to this species. In most of
them the last half of the final whorl is some-
what angled so that a shallow depression is
formed on the dorsal surface. The ventral
surface is well rounded. This is a very wide-
spread 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.,° from

several Miocene formations in Maryland, Vir-

ginia, South Carolina, and Florida,” and from

the Miocene of Santo Domingo.8

Truncatulina byramensis Cushman, n. sp.
Plate XX, figures 4-6.

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 produced and a broad, rounded
reentrant near the middle; on the ventral side
the inner half of the chamber is rather in-

6 U. 8. Geol. Survey Bull. 676, p. 16, pl. 1, fig. 10, 1918.
7Idem, p. 60, pl. 17, figs. 1-3.
8 Carnegie Inst. Washington Pub. 291, p. 41, 1919,
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“tricately 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. Diame-
ter 0.35 to 0.75 millimeter.

This species is rather common in the marl at
Byram. In the form of the lobed chambers 1t
is related to two other Miocene species I have

described— T bastloba, 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 americane 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 2a-c,
1918.

Test planoconvex, dorsal s1de nearly flat,
ventral side slightly convex, chambers numer-
ous, ten to fifteen in the last-formed coil,
rather rapidly increasing in size, peripheral
margin subangular, dorsal side with the last
few cha,mbers fallmg to meet the umbilicus,
ventral side similar in this respect in most
specimens; sutures distinet, 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 Diplin 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 penetrated by wells in
different parts of the peninsula of Florida.

Truncatulina pseudoungeriana Cushman, n. sp.
Plate XX, figure 9.

Truncatulina ungeriana H. B. Brady (not Rotalina un-
geriana D’Orbigny, 1826), Challenger Rept., Zoology,
vol. 9, pl. 94, figs. 9a—c, 1884.
Cushman, U. S. Nat. Mus. Bull. 103, p. 69, pl. 24,
'fig. 1,1918.

Test biconvex, almost equally so; periphery
subacute, chambers nine to eleven in the last-

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 charac-
ter; 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. Brady
says of his figure, “The drawing (Pl. XCIV,
fig. 9) is not a good illustration of the species,
the specimen being relatively thicker and al-
together 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 differ-
ences in the two. Brady does not give the
locality for the specimen from which his draw-

ing was made, but I have seen identical mate- .

rial 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 discrimination will show it to have a
definité geographic range in the present ocean.
Material from the Oligocene Culebra formation
of the Canal Zone that I have referred to 7.
ungeriana may be this new species.

Genus 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 some-
what limbate with clear shell material; aper-
ture 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 mate-
rial in which Brady found it was almost entirely
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from the south Pacific, and it may be predicted
that a study of the rather shallow-water mate-
rial 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 Cre-
taceous 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. ‘

Anomalina grosserugosa (Giimbel) H. B. Brady? 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 Giimbel, as a comparison
of the two will show.

Millett records this species with A. ammo-
noides 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.
Plate XXT, figures 6-8.

Test small, planoconvex, of about two and
one-half coils, periphery slightly lobulate
bluntly rounded, dorsal side very much flat-
tened, even slightly 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 last-
formed 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 opening at the inner margin
at the periphery. Length 0.25 to 0.35 milli-
meter, 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
in its chambers and in size and seems to be
a well-distinguished little species. In some

_respects it has affinities with Truncatuling
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americana Cushman, and in others with Anoma-
lina grosserugosa (Gtumbel) ? var., already men-
tioned, but.it is very distinct from either.

Genus SIPHONINA Reuss, 1849.
Siphonina advena Cushman, n. sp.
Plate XXTI, figures 1, 2.

Test unequally biconvex, dorsal side usually
less convex than the ventral, periphery sub-
acute, 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 de-
pressed, on the dorsal side somewhat broad-
ened 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 millimeter 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. pulchelle 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.

Genus GYPSINA Carter, 1877.
Gypsina rubra (D’Orbigny) Heron-Allen and Earland.
Plate XXIIT, figure 3.

Planorbulina rubra D’Orbigny, Annales sci. nat., vol. 7, p.
280, No. 4, 1826.

Fornasini, Acad. sci. Ist. 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.

A number of specimens of this species were
collected in the marl at Byram.

. Although in the fossil specimens the color

is of course lacking, the characteristic second-

ary 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 south-
eastern 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
‘“it is probably widely distributed in shallow
water across the Indo-Pacific region.”
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Genus PULVINULINA Parker and Jones, 1862.
Pulvinulina byramensis Cushman, n. sp.
Plate XXTII, figures 4, 5.

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 appear-
ing 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.

This is a common species in the marl at
Byram.

The features of the aperture in this species
are peculiar, and with its other characters it
seems to be well defined.

Pulvinulina advena Cushman, n. sp.
Plate XXII, figure 8.

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
perlphery of the chambers somewhat tubulated
remainder of surface slightly paplllose 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 continu-
ing 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, deseribed by Millett from specimens
obtained in the Malay Archipelago, was found
again by Heron-Allen and Earland in the
material from the Kerimba Archipelago, off
the southeastern coast of Africa.
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Pulvinulina glabrata Cushman, n. sp.
Plate XXTII, figures 6, 7.

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 increasing in size as added;
dorsal side very coarsely punctate, the sutures

-.somewhat limbate; ventral side umbilicate, sur-

face 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. auricula, P. sagra, and P. oblonga in its
very coarsely punctate dorsal surface and the
shape of the test. From P. oblonga, which has
a somewhat similar aperture, it differs in the
shorter form of the test. There are a number
of records for P. oblonga from the Indo-Pacific
region, and it would be interesting to know the
relatlon of this Byram marl spemes to that from
the Indo-Pamﬁc

Genus ROTALIA Lamarck, 1804.
Rotalia byramensis Cushman, n. sp.
Plate XXTII, figure 1.

Test unequally biconvex, rotaliform, in the
last-formed coil six or seven chambers, dorsally
with 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.

This species is not common in the marl at
Byram. While it belongs to the Rotalia
beccarit group, it is much more like the tropical
species now living in the Indo-Pacific than those
of temperate regions. R. beccarit 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.

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

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 Chal-
lenger report (pl. 108, fig. 4). R. dentata is a dif-
ferent 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 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 cham-
bers 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. angu-
lata Cushman. From the former it differs in
the larger number of chambers and the nar-
rower coils, and from the latter in the smaller
number 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 ex-
amination of the ventral side shows the typical
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characters of Asterigertna. It shows traces of
granules on the ventral side near the aperture.

Family NUMMULITIDAE.
Genus NONIONINA D’Orbigny, 1826.

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 as-
signed to his species and that there are appar-
ently several species or varieties which occur
m different regions which should be distin-
guished. The specimens from 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 shal-
low 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 Joxes.
Plate XXTII, figures 5-7.

Nautilus scapha Fichtel and Moll, Testacea microscopica,
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. 109, figs. 14, 15, 167, 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 whole.

Genus NUMMULITES Lamarck, 1801.
L ]
Nummulites sp.
Plate XXIV, figure 4.

There are a few specimens of Nummulites
from the marl at Byram of the character



.'FOR-AMINIFERA OF THE BYRAM CALCAREOUS MARL AT BYRAM, MISS.

‘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 Giimbel, 1868.
Lepidocyclina supera (Conrad) H. Douvillé.

Orbitolites supera Conrad, Acad. Nat. Sci. Philadelphia
Proc., No. 2, p. 74, 1865.

Orbitoides supera Conrad, Am. Jour. Sci., 2d ser., vol. 43,
p- 31, 1867. :

Lepidocycling  supera (Conrad) H. Douvillé, Compt.
Rend., 1918, pp. 263, 264, figs. 6-8, 11.
,ushman U. 8. Geol. ‘%urvey Prof. Paper 125, p. 69,
pl. 26, figs. 5-7, 1920.

Test flattened or slightly sellaeform, typi-
cally circular but occasionally irregular with
lobes at one side or elongated oval; thickest
in the central region but not dlstlnctly umbo-
nate, gradually decreasing in thickness to the
periphery; surface apparently smooth but with
slight enlargement becoming papillate, the pa-
pillae, 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 spemmens thickness about
2 millimeters.

This species is abundant in the Byram marl,

of which 1t is one of the index fossils.

Family MILIOLIDAE.
Genus CORNUSPIRA 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 involvens (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, pl. 1,
] fig. 2; pl. 2, fig. 2, 1917.
There are but a few specimens of this species
in the Byram marl. They are smooth and of
small size, only about 0.4 millimeter.

The species is very widely distributed. Itis
common in the shoal waters of the Tropics and
reaches a large size in the warm waters of the
Indo-Pacific region, as, for example, in the
Philippines. Elsewhere it seems to be of
small size. :

"nearly flat;
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Genus SPIROLOCULINA D’Orbigny, 1826.
Spiroloculina grateloupi-D’Orbigny.
Plate XXV, figure 2.
Spiroloculina grateloupt D’Orbigny,
vol. 7, p. 298, 1826.
Terquem, Soc. géol. France Mém 34 ser.,

p. 52, pl. 5, figs. 5, 6, 1878. _
Weisner, Archiv Protisten-Kunde, vol. 25, p. 208,

Annales sci. nat.,

vol. 1,

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’ 0rb1gny)
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 at
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, oc-
curring 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.

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 dis-
tinctive. It resembles Terquem’s figures of
Quinqueloculina variolata D’Orbigny, from the
Pliocene of the Isle of Rhodes.

Spiroloculina imprimata Cushman, n. sp.
Plate XXV, figures 3a, 3b.

Test broad and flat, 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
the surface ornamented by a
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series of pits in a more or less linear arrange-
ment. 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.
Vertebralina advena Cushman, n. sp.

Plate XXV, figures 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 flar-
ing everted lip. Diameter 1 millimeter.

This species is rare in the Byram 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 4. sulcata
from the Kerimba Archipelago. Sidebottom
records the species from the Mediterranean,
and his tigures 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® 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.
v 7, p. 301, No. 14, 1826.
Terquem, Soc. géol. France Mém., 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 Trams., vol. 20, p. 572, pl. 42, figs. 3741,
1915. :

?U. S. Nat. Mus, Bull. 71, pt. 6, pl. 22, figs. 5a, b, 1917,
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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 Ke-
rimba Archipelago material. It is referred
questionably to this species.” The Byram spec-
imens have perhaps a little finer costae but are
otherwise similar to the Kerimba form.

Quinqueloculina bicostf\ta D’Orbigny, var.
Plate XXVI, figures 24.

A form of Quinqueloculina which is one of
the most common fossils in the Byram marl
may be referred to @. bicostata D’Orbigny.
The specimens are, however, more elongate
than the types,® or those of Heron-Allen and
Earland, from the Kerimba Archipelago.™

.The Byram specimens are referred to this
species provisionally, but they may represent
a distinct variety or species, their main resem- -
blance to the typical form being in the bicos-
tate character of the periphery of the chambers.

The species which perhaps comes nearest
to this Byram marl material is that figured by
D’Orbigny*? 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 1'ile
de Cuba, Foraminiféres, p. 164, pl. 11, figs. 19-21,
1839. ‘
Cushman, U. 8. 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 shore 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. lamarck-
tana 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 la Sagra, Ramén, Histoire physique, poli-
tique et naturelle de I'fle de Cuba, Forsminiféres, p. 195, pl. 12, figs. 8-10,
1839. o

1t Zool. Soc. London Trans., vol. 20, p. 572, pl. 42, figs. 42-45, 1915.

s Foraminiféres 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
venusta Karrer. The specimens from the
Byram marl are even longer and more slender
and may not be this species at all. They are
figured and noted here so that the form may
be made available for later comparisons.

Quinqueloculina sp.?
Plate XX VI, figure 6.

A few specimens from the Byram marl are
large (1.50 to 1.75 millimeters long) and have
much the form of T'riloculina oblonga (Montagu)
but are quinqueloculine. The surface is in
most of them worn and smooth, but in one of
the largest, best-preserved specimens there is a
faint longitudinal striation. In this connec-
tion the note which Heron-Allen and Earland
give under. Miliolina oblonga in their Kerimba
work (p. 567) is interesting. ‘At stations 9
and 12 the specimens were large and showed
signs of superficial markings linking the species
with M. striata.”

‘Genus HAUERINA D’Orbigny, 1846.
Hauerina fragilissima (H. B. Brady) Millett.
Plate XXVII, figure 3.

Spiroloculing fragilissima H. B. Brady, Challenger Rept.,
Zoology, vol. 9, p. 149, pl. 9, figs. 12-14, 1884.
 Hauerina fragilissima (H. B. Brady) Millett, Roy. Micr.
.Soc. Jour., p. 610, pl. 13, figs. 8-10, 1898.
Heron-Allen and Earland, Zool. Soc. London Trans.,
vol. 20, p. 587, pl. 46, figs. 1, 2, 1915.
Cushman, U, 8. Nat. Mus. Bull. 71, pt. 6, p. 64, pl.
24, fig. 4, 1917.

A number of very typical specimens of this
species have been identified from the marl at
Byram.

All the known records for this species are
Indo-Pacific. Brady’s original localities are
off Tahiti, Society Islands, 420 and 620 fath-
oms; off Kandavu, Fiji Islands, 255 fathoms;
south coast of New Guinea, 3 to 28 fathoms;
north coast of New Guinea, 16 to 25 fathoms.
Millett records it from the Malay Archipelago.
Heron-Allen and Earland found it in material
from the Kerimba Archipelago, off the south-
eastern coast of Africa. I have found the spe-
cies in material collected off the Hawaiian
Islands in 271 fathoms.

This record from the lower Oligocene Byram
marl confirms the Indo-Pacific relations of the
Byram fauna.

The test of this species is very thin and of a
peculiar opalescent character, the surface

\

103

smooth or slightly pitted, the sutures usually
appearing as whitish lines in the test.

Hauerina sp.?
Plate XXVII, figure 4.

A single somewhat broken specimen in the
marl from Byram belongs to the genus Hauer-
wa. It differs from H. fragilissima in the
sharp edge to the peripheral borders of the
chambers, even carinate, and the character of
the wall, which though thin and transparent
seems to have deep pits or possibly perfora-
tions at wide but regular intervals, in a single
irregular line down the curved part of the
chamber. :

Genus ARTICULINA D’Orbigny, 1826.
Articulina byramensis Cushman, n. sp.
Plate XX VTI, figures 5, 6.

Test of two portions, a basal triloculine por-
tion followed by a single linear chamber, the
earlier portion with the lip of the antepenulti-
mate chamber standing out free at the base,
that of the penultimate chamber covered by
the base of the last-formed one, last chamber
rounded in transverse section or slightly com-
pressed, with a broadly flaring, slightly down-
ward-curved lip; aperture rounded, slightly
longer than wide; surface of the test with nu-
merous longitudinal costae, sharp, sometimes,
especially in the final chamber, anastomosing.
Length 1.25 millimeters.

This is a fairly common species in the marl
at Byram and is very constant in its characters.
The free lip of the chamber projecting at the
base is peculiar and constant in all specimens,
and the single linear chamber with very wide
lip and the sharply cut, often anastomosing
costae are also voints that distinguish the -
species. -

A. byramensis is allied to certain of the spe-
cies usually classed under A. conico-articulata.
It is close to the specimen from waters off the
Hawaiian Islands I have referred to A. conico-
articulata®® and is even more strikingly like
the specimens from the Kerimba Archipelago
figured by Heron-Allen and Earland 't as
Articulina sagra D’Orbigny. This suggests
that we have here a definite species, fossil in
the Byram marl and living in the Indo-Pacific.

13 U. 8. Nat. Mus. Bull. 71, pt. 6, pl. 22, figs. 5, 6, 1917.
14 Zool. Soc. London Trans., pl. 45, figs. 22-25, 1915.
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Genus MASSILINA Schlumberger, 1893.
Massilina crusta Cushman, n. sp.
Plate XXVIII, figure 1.

Test elliptical, compressed, periphery cari-
nate, early chambers quinqueloculine, later
ones 180° from one another, making a flat test,
sutures distinct, central portion of each cham-
ber 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 aperture rounded with a
bifid tooth; surface dull. Length 1.60 milli-
meters or less.

A few specimens in various stages occurred
in the marl at Byram. This species in some
ways resembles the figures of Spiroloculina
pla,msszma (Lamarck) from the Kerimba Archi-
pelago given by Heron-Allen and Earland.*
Our specimens are, however, much more in-
volute and belong to Massilina. 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 trun-
cate, 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;
square; surface dull,
millimeter or less.

This species is represented in the marl at
Byram by several speciniens, 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
neck. The shape of the initial end of the last-
formed chamber is also very constant and
characteristic.

Massilina occlusa Cushman, n. sp., var. costulata Cush-
man, n. var.

Test differing from the typical form in the
surface, which instead of being smooth and

B Zool. Soc. London Trans., vol. 20, pl. 41, figs. 1-5, 1915,

aperture rounded, neck
smooth. Length 0.75 |

" SHORTER CONTRIBUTIONS TO GENERAL GEOLOGY, 1921.

polished as in the type has an ornamentation
of several longitudinal, more or less irregular

‘costae, running out on the neck of the last-

formed 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 variety
of M. 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.
Triloculina rotunda D’Orbigny.

Triloculina rotunda D’Orbigny, Annales sci. nat., vol. 7,
p- 299, No. 4, 1826.
Schlumberger Soc. zool. France Mém., 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 tri-
loculine, smooth, nearly as broad as long, and
the chambers rounded. The longest are about
0.75 millimeter in length.
T. rotunda is recorded 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 nat-
urelle de I’fle de Cuba, Foraminiféres, 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 speci-
mens of this species were found in the marl at
Byram. They are widest near the base and
thence taper to the narrower apertural end;
the surface is smooth and polished. Length
about 0.35 millimeter.

The specimen figured by Brady seems to be
a Quingueloculina and to lack the character-
istic shape of the tropical specimens in shallow
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water. It may be that the Byram specimens
and the one I have figured from waters off the
Hawaiian Islands, together with that figured by
Millett, really constitute a tropical species dif-
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 vertébres, 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, Modéles,
No. 93, 1826.
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A single specimen of this species was found in
the marl at Byram. It is a short, rather ro-
tund form.

Genus BILOCULINA D’Orbigny, 1826.
Biloculina sp.?
Plate XXVIII, figures 5, 6.
. There are a very few specimens of a small ro-
tund 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.

Ficure 1. Textularia agglutinans D’Orbigny. a, Front view; b, apertural view. X 30.
2. Textularia subhaueris Cushman, n. sp. a, Front view; b, apertural view. X 50.
3. Textularia foliwm Parker and Jones. Front view of a typical specimen: X 100.
4, 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.

FIGURE 1. Tezxtularia tumidulum Cushman, n. sp. Front view of adult showing central tumid area. "X 25.
2. Textularia tumidulion Cushman, n. sp. «, Front view; b, apertural view of young spécimen. X 40.
3. Bolivina amygdalaeformis H. B. Brady. Front view, showmcr 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
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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.

. Bultmina 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.

. Nodosaria? sp.? Broken specimen of a Nodosaria or possibly the linear portion of an Articulina.
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PLATE XVII.

Ficure 1. Vaginulina 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.

3. Polymorphina gibba D’Orbigny. Young specimen. X 120,

4. Ehrenbergina glabrata Cushman, n. sp. a, Ventral view; b, dorsal view; ¢, side view. X 120.
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- PLATE XVIII.

Ficure 1. Polymorphina problema D’Orbigny? Front view. X 60. ‘
‘ 2. Polymorphina amygdaloides Reuss. a, Front view; b, side view. X 80.-

3. Polymorphina gibba D’Orbigny, fistulose form. a, Front view; b, opposite side. X 60.
4. Polymorphina reging H. B. Brady, Parker and Jones. Front view. X 40.
5.

Uvigerina byramensis Cushman, n. sp. Front view of a specimen without fully developed last chambers.
X 120.
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Ficure L.
. Globigerina bulloides D’Orbigny. Apertural view of another specimen. ~X 80. -
. Globigerina bulloides D’Orbigny. Dorsal view of another specimen. X 80.

. Spirillina subdecorata Cushman, n. sp. Dorsal view. X 80.

. Spirillina subdecorata Cushman, n. sp. Ventral view. X 80.

. Discorbis byramensis Cushman, n. sp. Dorsal view. X 100.

. Discorbis byramensis Cushman, n. sp. Side view. X 100.

. Discorbis byramensis Cushman, n. sp. Ventral view. X 100.

. Discorbis orbicularis (Terquem) Berthelin. Dorsal view. X 80.

. Discorbis orbicularis (Terquem) Berthelin. Ventral view of another specimen.
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PLATE XIX.

Globigerina bullotdes D’Orbigny. Ventral view. X 80.
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PLATE XX.

Truncatulina lobatula (Walker and Jacob) D’Orbigny. Ventral view. X 80.

. Truncatulina lobatula (Walker and Jacob) D’Orbigny. Apertural view of another specimen.

. Truncatulina lobatula (Walker and Jacob) D’Orbigny. Dorsal view of another specimen. X 80.-

. Truncatulina byramensis Cushman, n. sp. Dorsal view. X 80.

. Truncatuling byramensis Cushman, n. sp. Apertural view of another specimen. X 80.

. Truncatulina byramensis Cushman, n. sp. Ventral view of a young specimen, showing the peculiar lohes

at the base of the chambers.

. Truncatulwna americana Cushman, n. sp. Ventral view. X 80.
. Truncatuling americana Cushman, n. sp. Dorsal view of another specimen. X 80.

Truncatulina pseudoungeriana Cushman, n. sp. Ventral view. X 100.
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Fieure 1.
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PLATE XXI.

Anomalina brlateralis Cushman, n. sp. Dorsal view. X 80,

. Anomalina bilateralis Cushman, n. sp. Apertural view of another specimen. - X 80.
. Anomalina grosserugosa (Gilimbel) H. B.
. Anomalina grosserugosa (Gimbel) H. B.
. Anomalina grosserugosa (Giimbel) H. B.
. Anomaling mississippiensis Cushman, n.
. Anomalina mississippiensis Cushman, n.
. Anomalina mississippiensis Cushman, n.

Brady? var. Dorsal view. X 80.

Brady? var. Apertural view of another specimen. X 80.
Brady? var. Ventral view of another specimen. X 80.
sp. Ventral view. X 80. S

sp. Apertural view of another specimen. X 80.

gp. Dorsal view of another specimen. X 80. 115



PLATE XXII.

PFigure 1. Siphonina advena Cushman, n. sp. Side view. X 80.
. Siphonina advena Cushman, n. sp. Apertural view of another specimen. X 80.
. Gypsina rubra D’Orbigny. . Dorsal view., X 80. ‘
. Pulvinuling byramensis Cushman, n. sp. Ventral view. X 40,
. Pulvinulina byramensis Cushman, n. sp. Dorsal view. X 40.
. Pulvinulina glabrata Cushman, n. sp. Dorsal view. X 80.
. Pulvinuling glabrata Cushman, n, sp. Ventral view of a larger specimen, showing the s<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>