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MICROFOSSILS OF THE NIOBRARA FORMATION

SOUTHEASTERN SOUTH DAKOTA il

by
Edward J. Bolin

INTRODUCT ION

The Niobrara formation was deposited over the entire
State of South Dakota with the possible exception of the top
of the Black Hills dome, marking the greatest extent of the
Cretaceous sea iIn the state. Although i1t i1s somewhat limited
In 1ts areas of outcrop, the Niobrara iIs present In the sub-
SUrface over most of the state and has been reported from most
oil and artesian water wells.

__ This Investigation was undertaken to determine whether
It is possible to zone the Niobrara formation of South Dakota
on the basis of lithology, microfossils, or both. Eight out-
cropping localities were logged, sampled and examined for
microfossils during this stu%, and two drill cores of the
formation, made available by the U. S. Corps of Army Engineers,
were sampled and studied. ,"le index map on_Flgure 1 shows
*tte localities from which samples were examined.

ACKNOWLEDGMENTS

The author received considerable aid i collecting the
samples of, the Niobrara used for this study and wishes to
express his thanks to those who made much of the material
available. Mr. Edwin Swift and Mr. John Trantina, of the
U. S. Corps of Army Engineers, gave the South Dakota State
Geological Survey the drill cores from the Gavins Point and
Fort Randall Dam areas respectively. Mr. R. E. Curtiss col-
lected samples of the Niobrara from the Yankton and Chamberlain
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areas during the course of an iInvestigation of cement raw
materials which he conducted under the auspices of the South
Dakota State Geological Survey, and these samples weremade
available for this investigation* Dr. R, E. Stevenson aided
Nr. Curtiss in the collecting of the samples iIn the Chamber-
lain area, and with the author collected the samples from Sec*
8 of Clay County. Dr. Stevenson also aided in the logging of
the drill cores and gave many valuable suggestions for the I1i
thologic section of this report, for which the author is
deeply iIndebted.

l

It was the encouragement of Dr. E. P. Rothrock, the State
Geologist, which made this report possible, and the author is
especially indebted to him for the opportunity to undertake
this iInvestigation.

PROCEDURE

The samples collected in the field for this investigation
were obtained by channeling down the face of the outcrop when
possible. Where a poor exposure was encountered or when the
exposure was not readily accessible, grab samples were taken.
Channel samples were taken of the drill cores in the labora-
tory* All samples were placed in cloth bags and correctly
labeled with the locality* date and horizon*

The material was first pounded In a mortar, taking care
not to break it down so fine that the microfossils were de-
stroyed* The pulverized samples were then boiled In a satur-
ated solution of sodium carbonate in order to break down the
lime which forms the matrix of the rock. Boiling for about a
half hour proved adequate for the soft, weathered samples,
while the fresh material required boiling for approximately
two hours.

A binocular microscope was used in picking and identify-
ing the specimens. They were placed In fatrm&l slides accordi-
ing to locality, horizon and species. The best specimens were
chosen for illustration and they were placed in individual
slides*

In preparing the illustration, the outlines of the speci-
mens were drawn with the aid of a camera lucida. As much of
the ornamentation as possible was filled 1n while using the
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Camera lucida, and the remainder was carefully drawmn free-hand
while referring to the specimens under high power of the bi-
nocular microscope* The illustrations of the Foraminifera
were prepared by the author ana the Ostracoda were drawn b
Mr. Paul Flanagan of the University of South Dakota. Al
specimens, iIncluding those i1llustrated, have been deposited iIn

e microfossil collection of the South Dakota State Geo-

logical Survey,
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STRATIGRAPHY

The Niobrara is the upper formation in the Colorado
group of the upper Cretaceous. It is sharply set off from the
haron Springs member of the Pierre shale above, and the Oar-
lile shale below. It was named %Me_ek and Hayden (1861/
pp- 4419, 42) from exposures along Missouri River near the
mouth of the Niobrara River iIn northeastern Nebraska» Cragin
(8%, p. 51% named the upper, main body of the Niobrara the
Smoky Hill chalk from exposures along the Smoky Hill River in
Kansas. Mudge (1876, pp- 218-221) used the name Fort Hays
division to include the upper part of the Benton and the lower
part of the Niobrara. Williston (1893, pp. 108-109) restrict-
ed the term to the heavy stratified chalk of the basal Nio-
brara,- but included it in the Bentom Cragin (18%6), and also
Williston (1897, p- 237) placed the Fort Hays iIn the Niobrara
as 1ts basal member, underlying the Smoky Hill member.

Lithologically the Niobrara formation varies from marl
through chalky marl to chalk™ in the area under discussion.
It varies iIn thickness from a maximum of 182 feet at the
guarry of the 1D1d Cement Plant” in Yankton County, to a min-
imum of 157 feet at Fort Randall Dam. The rock is dark grey
to black when fresh but bleaches raﬂldly upon exposure to an
orange, buff or white color. In the southern part of this
area the formation consists of chalk and chalky marl. There
IS an iIncrease iIn the amount of argillaceous material to the
north, with an attendant decrease iIn CaCO3 content, and It

rades into a marl and chalky marl_ in the Chamberlain area.
hemical analyses show that the lighter colored,, weathered
rock is higher in CaC03 than the darker, fresh rock. (Curtiss,
1%51a,. p. 13j 1951b, p. 41) Under ord_inala/_ weathering con-
ditions the CaCO3 would be the first thi 1ssolved out, but
apparently there has been a reversal of the ordinary weather-
Ing processes In this case with a resulting concentration of
the carbonate near the surface.

The results of this Investigation indicate that i1t would
be extremely difficult to recognize a lithologic subdivision
of the Niobrara formation in this area» The lower part of the
formation iIs somewhat harder, more dense, and has a sllgﬂtly
more bentonitic clay fraction than the upper part. ese

1» Throughout this report chalk is restricted to a rock con-
sisting of 80 to 100$ Cal03, chalky marl to a rock consist-
ing of 65 to 80% CaCO3, and marl to a rock consisting of
35 to b5% CaCo3,, o

%< Determined by the benzidine test.
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chaljggs are very minor and would be a poor basis for sub-
dividing the Niobrara into members* However, as they occur
at the same horizon as the major microfaunal change, the
Fort Hays-Smoky Hill contact is placed at this horizon* Since
the main basis for subdivision is micropaleontologic rather
than lithologic, i1t remains very difficult 1f not 1mpossible
to distinguish between the two members iIn the field “without
additional laboratory study.

In every section in which the upper part of the Niobrara
was present there was a horizon marked by the presence of
numerous thin seams of bentonite (Figure B Although this
horizon varies in its position in relation to the top of the
formation, It appears to be a time marker and this theory is
supported by the paleontologic evidence. Where samples of
short vertical range were taken Loxostoma cushmani did not
occur below the bentonite horizon, and where larger samples
were taken, this species was not found In any sample wnhich
began below these bentonites,. More detailed sampling would
be necessary to establish their exact relationship, but the_
evidence accunulated thus far suggests that Loxostoma cushmani
made Its debut in the Niobrara sea while these bentonites
were being laid donn,,



GENERAL DISCUSSION OF THE FAUNA

During this iInvestigation 59 species of Foraminifera
and six species of Ostracoda were described from the Niobrara
formation. Their distribution and relative abundance is
recorded in Table 1= A study of these microfossils shows that
It is possible, at least iIn the areas covered iIn this report,
to divide the Niobrara into four faunal zones» These zones
are graphically i1llustrated in the'generalized sections on
Figure 1. The largest faunal break iIs at the Smoky Hill-Fort
Hays contact, and each of these members In turn can be divi-
ded into two zones. All of the ostracodes and 39 species of
forams were restricted to the loner or Fort Hays member while
only three species of forams were observed only in the Smoky
Hillo The remaining sixteen species of Foraminifera occurred
in both members although four of them were exceedingly rare
in the Smoky Hill,

Foraminifera were very abundant in the Smoky Hill member
but the number of species represented was relatively smallo
The bulk of the fauna of this member consists of three species;
Gumbelina globulosa. Globieerina cretacea. and Globigerinella
aspera. Loxostoma cushmani is common in and restricted to
the upper part of the Smoky Hill, and defines the upper or
lgyostoma zone» A few specimens near the toEI)_ of this zone
at some localities tend toward J,, clavatum. The lower zone
of the Smoky Hill member is marked by the absence of any
Loxostoma»

_Foraminifera are much more varied In the Fort Hays member,
and In addition ostracodes were fairly comon in most samples
of this membero It is possible t zone this lower member on
two small but very distinctive species of Eouvigerina which
are quite restricted in their vertical range. E, aculeata
IS quite abundant In the upper part of the member and is
found only very rarely in the lower part. Ec plummerae is
abundant 1n the lower part and was never observed to range
upward Into the horizon where E,, aculeata is aoundant., These
two species are the on::?; ones of any abundance that are re-
stricted to either of these zones, so this zonation depends
entirely on thelr occurrence»

The followingi microfaunal lists show the distribution of
the species iIn relation to the Smoky Hill and Fort Hays mem-
bers.
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Species Found Throughout The Niobrara Formation
Foraminifera

frPorothla pupoides (d*Orbigty) “Valwlineria plumerae Loetterle
ftRobulus spa i Globigerina cretacea d10rbigny
#Lenticu-lina sublaevis Morrow Globigerinella aspera (Ehrenberg)
Gumbelina globulosa "(Ehrenberg) Schaekoina trituberculataMorrow
Gumbel ina moremani Cushman Globotruncana canaliculata (Reuss)
Gumbelina plumerae Loetterle Globotruncana marginata (.Reuss)
Gumbelina pseudotessera Cushman Globorotalites umbillcata loetterle)

~Bulimina reussi Morrow Planulina kansasensis Morrow
Virgulina spa

"Exceedingly rare in Smoky Hill Member,
Species Restricted to the Smoky Hill Member
Foraminifera

Neobul imina irregularis Loxostoma cushmani Wickenden
Cushman and Parker

Loxostoma clavatun (Cushman)

Species Restricted to the Fort Hays Member
Foraminifera

Spiroplentammina semicomplanata Frondlcularia extensa Morrow

cgCal_'sey) o~ i Frondlcularia undulosa-Cushman
Gaudryina (Sjpho%audrvma) Kyphopyxa christneri (Carsey)
austinana Cushman Globulina lacrima Reuss var,
Gaudrvina “(Pseudogaudryina) subsphaerica (Berthelin)
nebrascensis Loetterle Ramulina cf,, Rw aculeata
Do.rothia cf* P.. filiformis (dorbigny)
Berthelin) Bullopora soliasl ({

( )
Robulus .munsteri (Roeme? Ventllabrella austinana Cushman
Robiilus navarroensis (Plumer) Bolivinitella elevi (Cushman)
Planularia umbonata Loetterle Eouvigerina aculeata Cushman
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(continued)

Planularia sp. #1

Margjnulina bullata Reuss
Maremnuulina sp. #1
Dentalina aculeate.d "Orbi gny
Dentalina granti (Plummer!
Dentalina lornelana dOrbigny

Dentalina niobrarensls Loetterle

Dentalina reflexa Morrow
Nodosarla zippei Reuss
Nodosaria sp. #1
Saracenarla triangularis
~ _(dIOrbigny)
Vaginulina texana Cushman
Palmula suturalis Cushman

Ostracoda

Cytherella bullata Alexander

Brachycythere sphenoides
(Reuss) _

Cythereis coryelli Loetterle

Eouvigerina plummerae Cushman
Necoulirfiima canadensis Cushman
_and Wickenden
Virgulina ulata Reuss
Pleurostorella austinana Cushman
Nodosarella gracillima Cushman
Gyroidina depressa (Alth)
Gyroidina nitida- (Reuss)
Hastjgerinella simﬁlex Morrow
Globorotalites micheliniana
d*Orbigny)
Anomalina henbesti Plummer

Cythereis foersterlana (Bosquet)
Cythereis niobrarensis Morrow
Cythereis subgracillis Morrow



DETAILED DISCUSSION. OF LOCALITIES STUDIED

The following is a detailed discussion of the lithologic
and_faunal characteristics of the Niobrara formation at the
various localities studied during this investigation.

CLAY COUNTY

Although the Niobrara formation undoubtedl%_underlies
much of Clay County, it is generally covered by a thick mantle
of glacial drift and i1s only e at a few places. _ les,
of the formation were collected by the author at Spirit Mound
in the S|, \WWj, Sec. 14, T. 93 N., R. 52 W., and the author
and Dr. Stevenson collected some grab samples from the chalk
exposures in the B, NEi, Sec. 8, T. 93 N., R. 22 W. It was
not possible to .establish the exact stratigraphic position of
these exposures as neither the top nor the bottom of the
formation i1s exposed at either locality. However, It was
possible to determine their position In the Niobrara with a
Tair degree of accuracy from a study of the microfossils,

The chalk exposed at Spirit Mound has been very highly
weathered and i1s exceedingly soft. It is bentonitic and
orange to buff in color. It abounds in microfossils with
foraminifera "being exceedingly abundant and represented by
43 species. _ In addition, Tive species of Ostracoda were
also found in this material. Eouvigerina plummerae is abun-
dant at this locality indicating the chalk is from the lower
zone of the Fort Hays member.

The base of the chalk i1s covered iIn Sec. 8 but this
exposure represents the loner S0 to 60 feet of the Niobrara.
The samples collected at this locality all contained a good
Fort Hays microfauna. Both the Eouvigerlna plummerae and
E. aculeata zones were well represented, so nearly the entire
section™of the Fort hays member is probably represented iIn
this exposure. The upper 18/ feet is placed In the E. aculeata
zone and the lower 1&f In the E. plumerae zone. The following
log was made In Sec. 8.



Glacial Drift
Niobrara Formation - 50 to 60 feet

2" - Hard, white, ledge forming chalk, bentonitic.

16* - Soft, shaly, highly bentonitic chalk, weathers
buff.

7" - Creamy white, highly bentonitic chalk, weathers
buff at base.

20* - Covered

5 - Slightly bentonitic, white chalk.

10" - Covered

Shale soil (?) - Carlile shale (@

YANKTON AREA

The Niobrara formation is exposed in nearly vertical
cliffs up to 135 feet high along the bluffs of the Missouri
River in the vicinity of Yankton. Drill cores show that the
formation has a total thickness of a little more than 180
feet In this area. The chalk is conformably overlain by the
Sharon Springs member of the Pierre shale in most of this
area. In places the Pierre shale and some of the Niobrara
has been removed by pre-glacial erosion and the chalk is
covered by a mantle of glacial drift» Samples of the Niobrara
were collected by Mr. R. E. Curtiss from the quarry of the
"Old Portland Cement Plant” in the SEj, Sec. 17, T. 93 N.,
R. 56 W., and from the NW~, Sec. 22, T. 93 N., R. 57 W. for
analyses in connection with his iInvestigation of cement raw
materials. These samples were examined by the author for
microfossils but they were of such magnitude, 15 and 20 foot
channel samples were taken, that 1t was 1mpossible to zone
the chalk iIn these exposures. Portions of the Niobrara for-
mation from a drill core in the SEi, Sec. 7, T. 33 N., R. 1 W,
Cedar Co», Nebraska, were also sampled and studied. The
State Cement Plant®s Chemical Laboratory made analyses of
these samples which show that the outcropping material has a
higher CaCOo content than the subsurface samples taken from
the drill core. (Curtiss, 1951b, pp. 50-5A) The Niobrara
IS a true chalk in i1ts weathered outcrops while the material
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from the core is a chalky marl* “Ye hi?her CaG.03 content
of the outcropping material is apparently due to a concen-
tration of CaCO3 upon weathering, although this is a reversal
of the ordinary weathering procedure! o

At the quarry of the nOld Portland Cement Plant” the top
82 fTeet of the Niobrara Is exposed in a nearly vertical cliff.
U* S. Corps of Ammy Engineer records of a drill core near the
site 6T this quarry show the Niobrara-has a total thickness of
182.2 feet» Mr. Curtiss (1951b, p» 49) made the” follow-
ing brief log of the exposure at this quarry.

Pierre Shale
Niobrara formation - 82 feet

4-1F - Weathered* buff Niobrara chalk. Black
when fresh but bleaches rapidly upon
exposure. Contains Qstrea congesta.

34? - White chalk with some gray lenses or
patches. Contains Qstrea congesta.

71 - Black slabby chalk to base of quarry.

" Foraminifera were abundant in the samples ocollected:: at
this quarry but the variety of species was limited showing,
m that the entire outcrop is of fhe, Smoky Hill4dmerber. Loxostema
: cushmanj wes. present in the top two twenty-fQpt channel samples,
but the magnitude of these samples made 1t impossible
\. accurately establish the base of this zone. Sy N

/ About 135 feet of chalk is exposed in a steep bluff* In
the NWj of Sec. 22, The lower 5 or 10 feet of this exposure
" 1S probably Fort Hays but this cannot be verified either by
the lithology or microfossils at.this time» The samples
collected were of such magnitude that the Fort Hays fauna,
iIf present In the lower 5 or 10 feet, could easily have been
missed* The outcropping chalk is .highly weathered, and a
more detailed examination would be necessary to establish
any:lithologic change. Loxostoma cushmani was present in
> grab samples-taken at 10*8 and 21.6 feet from the top, "but
-the base of the Loxostoma zone cannot be determined” as the
Tirst channel sample began at.37.9 feet from the top.

The upper part of the Niobrara has been removed from
the area In Cedar Co., Nebraska, from which the drill core
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was obtained, and the lower 85 feet is overlain by glacial
drift. Only portions of the Niobrara from this core were
obtained, and these were logged by Dr. Stevenson and the
author as follows:

Depth

o - 3 - Glacial drift
39.0 ~ 1240* ~ Niobrara formation

3900 40.0»  Very soft, pink to buff, very
slightly bentonitic chalky marl,
weathered.

K06 — 45°6* — As_above, with occasional selenite
veinlets.

46.2 — 46.61 — As above, contains a 31 hard
selenite veinlet.

47.2 48=3" - As above

48.3 — 49.3” - As above

50.3 - 51.27 _ As above

51.9 — 52.9” - As above

53.5 — 54»5* —=Partly as above and partly
light grey and somewnat harder.

60,2 — 61.2* — Soft, buff, very slightly ben-
tonitic chalky marl.

66.2 — 66.7* - As above
Smoky Hill-Fort Hays Contact

71.7 - 72.7* - Light grey, massive, bentonitic
chalky marl, harder than above.

77,7 — 78.2» - As above
78.2 - 83.4" — As above
83.4 — 844~ - As above
M4~ 954" - As above

99.4 ™ 100.4> - As above

105.9 - 106.9* - As above with some grey streaks.

111.9 = 112.9* — Mottled light and dark grey ben-
tonitic chalk.

118.0 - 119.0* - As above

The grey chalky marl is somewhat harder and is more
bentonitic than the pinkish and buff material above. As
there 1s also a faunal change at this horizon, It is chosen
as the Smoky Hill-Fort Hays contact. Foraminifera are abun-
dant throughout this material, but they are much more varied
in the grey chalky marl. In addition, four species of ostra-
codes were observed rarely in the grey material. No Loxostoma
were observed In these samples, the upper part of the Niobrara
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including the entire Loxostoma zone having been removed prior
&b glaciation. Eouvigerina aculeata was present In the first
two samples of the grey marl, but as there are five foot iIn-
tervals between the next sanples above and below, the thickness
of this zone could not be accurately established, Eouvigerina
eplumerae was_abundant in the sam.ples.fram 40.6 feet above the
base of the Niobrara on don,,

FORT RANDALL DAM

A drill core from the Fort Randall Dam site was given
to the South Dakota State Geological Survey by M. John Trantina
while he was chief geologist at this project. This core,
which started iIn the Pierre snale, included the entire section
of the Niobrara, and extended about 20 feet into the Carlile
shale, was logged, Sampled and examined for microfossils
during this_investigation. The Niobrara formation is 157.1
feet thick in this core. On the basis of lithology and micro-
Tossils, the upper 768 feet is placed in the Smoky Hill member
and the lower 80.3 feet iIn the Fort Hays, Dr* Stevenson and
the author made the following detailed log of the Niobrara
from this core.

Depth

46.0- 76.7 - Pierre shale  _
76*7-233,8 - Niobrara Formation

76.7- 78.1 - Brownish grey, soft, non-bentonitic,
ﬁorous, chalky marl with white s -
ard, noncalcareous, dark grey shale
arting about IT thick at , AJn
entonite at 76«8V. o

78.1- 83.2 - Light grey, harder, non-bentonitic,
porous chalk with abundant white specks»
137 and 3/4” bentonites at 81,7 and 82.2
respectively. o

83.2- 86.4 - Brownish-grey, softer, non-bentonitic,
Borous chalky marl with white specks,
entonites at 83.3 and 841"

86 4- 96.5 - Light grey, harder, non-bentonitic,
porous chalk with white specks. to
In bentonites at 87.3, 87*6 and 89 .7~

96.5-103*0 - Grey, soft, non-bentonitic, porous chalk
with abundant white specks.

103.0-146.0 - Light gl_'e%, non-bentonitic, harder, porous
chalk with a few white specks.
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146»0-153.7 - Light brownish-grey, non-bentonitic, porous
chalky marl with white specks and local in-
distinct lanminations.
_______ Smoky Hill-Fort Hays Contact
15307-159.0 - Very light grey, slightly bentonitic, porous
chalky marl. Thin Ostrea zone at 157»5fF.
15900-16100 - Light grey, bentonitic, chalky marl with
white specks and shaly fracture.
161.0-183.5 - Very light grey, bentonitic, porous chalky
marl with white specks, scattered dark grey
spots and streaks, and occasional horizons
with shaly fracture.
Light grey, bentonitic, porous chalky marl
with white specks and shaly fracture.
Very light grey, bentonitic, porous chal
marl with white specks. Light streak wit
much biotite and some pyrite at 193.5*.
Highly fossiliferous (Ostrea), bentonitic
porous chalky marl. Very light %rey in
upper part and light grey with shaly frac-
ture in lower part

183»5-186.0
18600-194»5

194*5-201*0

201.0-209.0 - Light grey, bentonitic, porous chalky marl
with white specks and lenselike spots. Oc-
casional Ostrea shells.

209.0-219.8 - Very light grey, bentonitic, porous chalky

marl with a few medium grey horizons,
219.8-228.8 - Mottled very light and Fight ?rey, slightly
bentonitic, porous chalky marl with some_
medium grey streaks with white specks. Fish
scales at scattered horizons and occasional
Ostrea shells near base. 60° fault at 2281.
228 08-231.0 - Mottled light and medium grey, slightly ben-
tonitic, porous chalky marl with white
specks and shaly fracture. i )
231.0-232.1 - Grey calcareous, fine sandstone with white
chalk fragments» i i
232.1-233.8 - Grey calcareous, argillaceous, fine sand-

stone.
233-8-253=6 - Carlile shale. Bottom of hole at 253.6".

Outwardly the Smoky Hill and Fort Hays members appear
much alike lithologically but a detailed examination shows
that they differ In several respects. The Fort Hays iIs gen-
erally lighter in color and somewhat harder than the Smoky
Hill. It has bentonite disseminated throughout, it always
tums bluish to purple when treated with benzedine, whereas
the Smoky Hill is non-bentoniuic but contains numerous thin
seans bentonite, Fossiliferous streaks containing abun-
dant Ostrea shells, and perhaps some Inoceramus fragments,
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are common In the Fort Hays but were not observed iIn the
Smoky Hill. Insoluble residue tests.of a few random samples
indicate that the Fort Hays is a rather uniform chalky marl
while the Smoky Hill varies from chalk to chalky marl of low
calcareous content.

i Foraminifera are abundant throughout the Niobrara but
insofar as variety of species iIs concermed the fauna is large-
ly restricted to the Fort Hays member. The bulk of the fauna
of the Smoky Hill is made up of three species: Globigerina
cretacea, Globigerinella aspera and Gumbelina globulosa; and
only eight species were represented in all. The Loxostoma
zone has a thickness of only 7»5 feet iIn this core. Forami-
nifera are much more varied In the Fort Hays, being represent-
ed by 37 species, and Ostracoda, although not found In abun-
dance, are restricted to this member. As in all other sec-
tions studied, the Fort Hays can be divided into two zones.
Eouvigerina aculeata iIs abundant in the upper 4-7.5 feet of
this member and occurs only very rarely below this, while E.
plummerae i1s an excellent guide to the lower 36.3 feet. No
other species which occurs iIn any abundance was found to be
restricted to either of these zones so It appears that their
recognition depends entirely on the occurrence of these two,
very small but distinctive species.

CHAMBERLAIN AREA

i Onl¥ the upper part of the Niobrara formation iIs exposed
in the bluffs of the Missouri River and i1ts tributaries in the
vicinity of Chamberlain, but the formation was determined to
have a totallthickness of apﬁroxmately 175 feet In the Biske-
bom well In the N\Wj, Sec. 4, T. 103 N., R..71 Brule Co.
The top of the formation was established on a lithologic basis
and the bottom from microfossils. As accurately as could be
determined by a study of the microfossils from the cuttings
of this well, the Smoky Hill member is about 125 feet thick
and the Fort Hays about 50 feet thick. Of the Fort Hays,
approximately feet iIs placed in the Eouvigerina aculeata
zone and about 30 feet iIn the E. plummerae zone.

Mr. R. E. Curtiss and Dr. R. E, Stevenson collected sam-
les of the Niobrara from four localities in this vicinity.
he outcrops sampled are in Sec. 36, T, 105 N., R. 71 W,

Brule Co.; Sec. 17, T. 104-N., R* 71 W., Lyman Co.; and Secs.

- 15 -



15 and 19, 2. 104-N., R* 71 W», Brule Co. The upper 91 feet
of the Niobrara is exposed iIn Sec» 36, the upper 68 feet iIn
Secso 17 and 15} and the upper 30 feet in Sec» 29  Although
only the Smoky Hill member is exposed, and this in varying
amounts, MrP Curtiss (1%5la,- p° 16) found that he could recog-
nize three distinct color zones at each outcrop« It changes
from buff near the tmp., to light grey, to medium to dark grey
near the bese., It is possible that this color transition is
at least iIn part due to the bleaching effect of -weathering,,
The medium to dark grey zone iIs somewhat more massive than the
material above, and therefore the length of time required for
weathering to change the color probably is iIncreased,. This
dark zone contains from 6 _to 9 thin buff bentonite seams at
all four localitieso Chemical analyses were made of the sam-
ples collected In this area by the State Cement Plant™s Chem-
ical laboratory iIn Ra_\lpld City for Mro Curtlssfl§11951@, > 20~
23) investigation. These analyses show that the Niobrara is
made ulla of marl and chalky marl in this area» Foraminifera
are well represented in this material but are not as abundant
as in the Niobrara from the other localities studiedQ The
Fort Hays fauna was not encountered iIn ay, of the samples from
the outcropping localities and although the Loxostoma zone
IS present, the base of it could not be determined because of
the vertical range included iIn the samles,,

Mra Curtiss (1951a, p» 18) made the following log of the
outcrop In See. "B

Pierre Shale
Niobrara Formation - 91 feet

= Weathered, buff marl and chalky marl, thin bedded,
little gypsun, 1 foot white layer at base»

53* T Light grey chalky marl and marl, some 1/8 to
1/4 inch gypsum veinlets, few iron gypsum :
concretions | to 2 inches in diameter, thin
layers of butft chalky marl in upper part i

200 - Medium to dark ggey zone massive chalky ma™1/1
contains 7 buff bentonites 8 to 28 inches thick «

r with a little iron and gypsum above and below* n
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SYSTEMATIC DESCRIPTIONS

lupi PROTOZOA
Class SARCODINA
Subclass RHIZOPODA
Order FORAMINIFERA
Family TEXTULARIDAE
Subfamily SPIROPLECTAMMININEA
Genus SPIROPLECTAMMINA Cushman 1937

Spiroplectanmina_cf. S. semicomplanata (Carsey)
Plate 1, Figure 1

Trertularia semicomplanata - Carsey, Texas Univ» Bull. 2612,
pi. 3y Fig.- 4, 1926.

Spiroplectammina semicomplanata - Plumer, Texas Univ. Bull.
301, p- 129, pi. § Ffig» 7 (ot fig. 8), 1931.
, Cushman Dal» Foram. Research Contr,, vol. S9
pp- 4~ 96> pl. 11, figs. 87, 9" 1932
Cushman and Hedberg, idem*, vol. 17, p. 83, pl- 21,
figs. 5, 6, 1941.
Cushman and Todd, i#dem., wvol,, 19, p. 51, pl. 9,
fig. 3, 19-3.
Cushman, U.S.G.S. Prof. Paper 206, p. 28, pl. 6,
figs» 5-H, 1%6»

Spiroplectammina anceps - Cushman* Tennessee Div» Geol. Bull.
41, p. 18, pl. 1, figs. 5a, b, 1931.

Test tapering from greatest breadth at apertural end to
sharply rounded initial extremity, thickest in the middle,
periphery acutely angular, faintly lobulate, duaiders. distinct,
not inflated, iIncreasing rapidly iIn breadth as""added,, later
chambers much_broader than high, earliest portion coiled>
rapidly becoming biserial; sutures distinct, slightly de-
pressed, slightly oblique, gently curved backwards towards
periphery; aperture a low arched opening at base of final
chamber; tes.t arenaceous but smoothly finished. Length of
figured specimen .27 mm., greatest breadth ,16 mm.

This species has been previously recorded only from the
Taylor and Navarro of the Gulf Coast area, In this study it
occurred very rarely in the Fort Hays member at Spirit Mounds.
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Family, VEENEULINIDAE
Genus GAUDRYINA d*Orbigny, 1839
Subgenus  SIPHOGAUDRYINA Cushman, 1935

Gaudryina (Siphogaudryina) austinana Cushman
e ( Iglage 1,ryFigare 2

Gaudryina (Siphogaudryina) austinana - Cushman, Cushman Lab,,
Foram. Research Sp..Pub. 7, p. 74, pi* 11, Tigs.
1-3, 1937. ) . / \,
Cushman and Deaderick, Cushman Labo Foram. Research
Contr., vol, 18, p,, 53, pio 9, figs. 15, 16,
1942 g [ VN
Cushman, Cushman Lab. Foram. Research Contr., wvol.
20, p. 84, pi. 13, fgg. 2,1944° U. S. G. S.
Prof. Paper 206, p- , pl.8, Tigs. 5-7,1946.

_ "Test somewhat longer than broad, the early portion
triserial and triangular, iIn the later portions biserial and
somewhat compressed, the keel of one side .dividing so that a
—-generally quadrangular test results, angles, diaigp or somewhat
roundedl chambers fairly dlstlnct_esE)emally in the later
portion, where they are somewhat inflated, sutures fairl
distinct, oblique, the later sutures slightly depressed, wal
arenaceous, with much cement, either smooth or slightly rough-
ened on the_exterior; aperture a small low opening In a rather
deep, semicircular: reentrant of the margin of the last formed
chamberLength of figured specimen .28 mm., breadth <35 mm.

i The above description;is taken from Cushman who reported
1t from the Austin chalk of the Gult Coastal ion. In this
material 1t occurred rarely in the Fort Hays from the drill
cores at Fort Randall Dam and In Cedar Co., Nebraska.

Subgenus PSEUDOGAUDRYINA Cushman, 1936

Guardrvina (Pseudogapdryina) nebras.censis, (Loetterle)
; Plate 1, Fl)gures 3a, b

Gaudryina nebrascensis Loetterle. Nebraska Geol. Survey Bull.,
%8g7ser-, Bull. 12, p. 20, pi» 1, figs. 3a,b,
Cushman, Cushman Lab. Foram. Research Sp. Pub. 7a,

p, 9, piol, figs. 14a, b, 1946.

- 18 -



T.eat large, elongate, eompressed, early portion tri-
serial# sharply triangular, later and larger portion biserial,
early stage of biserial portion triangular, the angle between
the two longer sides becoming rounded in later stages, tri-
serial portion tapering quite rapidly to bluntly pointed
~Ainitial extremity, biserial portion tapering very gradually
to greatest brfeadth at apertural end5 chambers rather indis-
tinct iIn triserial portion, very distinct in biserial portion,
much overlapping* with a prominent shoulder near anterior
end of each, surface concave below the shoulder, convex above,
one series of biserial chambers with a sharply truncate peri-
phery, with a posterior extension at each angle, other series
with the peripheral margin angled, becoming rounded in last
few chambers; sutures rather indistinct in triserial portion,
flush with surface distinct and depressed in biserial portion,
appearing as nearly horizontal lines on narrower face and as
sharp zigzag lines on two broader facesj aperture a low open**
ing In a deep reentrant in the inner margin of the final
chamber, wall arenaceous, rather smoothly finished. Length
of i1llustrated specimen .79 mm., breadth «25 mm.

This 1s a very distinctive species which i1s probably
restricted to the Fort Hays m?mber. The types are from this
member northeast of St; James, Nebraska. In this iInvesti-
gation i1t was fouhd ta be rare at Spirit Mound.

Family VALVULINIDAE
Subfamily EGGERELLINAE
Genus DORQTHIA Plummer, 1931

Dorothia cf* D. ijillforjais (Berthelin)
Plate 1, Figures b

Dorbthia cf. D. filiformis + Cuehman and Hedberg, Cushman Lab.
Foram. Research Contr., vol. 11, p, 85, pi* 21,
fig* 11, 19-41*

A Tew specimens from the Fort Hays in Cedar Co., Nebraska,
and Fort Randall Dam elpsely resemble Cushmanls figures of
this specias.

Test very elongate, early portion tapering to pointed
initial extremity, sides of later and much larger portion
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parallel or very slightly tapering, earliest ttage with four
or more chambers in a whorl, number of chambers rapidly re-
duced to two with greatest part of test biserial, chambers
indistinct in early portion, chambers of biserial portion
distinct, glightlh/ inflated, somewhat compressed, iIncreasing
%'adually In height as added, very little 1T any increase iIn

readth; sutures distinct iIn biserial portion, depressed;
wall smooth, finely arenaceous but with a large amount of
calcareous cemeiit, becoming almost entirely calcareous in
last chambers, aperture a low-arched opening at base of last
chamber. Length of figured specimen &e mm., breadth .31 rmu

Dorothia pm3oides (d™Orbi
Plate 1, Figuregs 5a,bgny)

Gaudryina pupoides - d*Orbigny, Mem. Soc. Geol. France, ser.l,
wvol. 4, P° 44* pl» 4, ﬁgs- 22-24, 1840. i
Sandidge, Jour. Paleo., wol. 6, p. 268, pl. 41, fig. 1,

Loetterle, Nebr. Geol. Survey Bull., 2nd ser., Bull .12,
p- 19, pl. 1, figs. la, b, 1937.

DOrothla pupoides - Cushman, Cusbman Lab. Foram. Research Sp,,
Pub. 7, p. 100, 1937.

Tes/t gently tapering to bluntly pointed initial extremity,
widest at rtural end; somewhat compressed, earliest stages
with more than three chambers in a whorl, rapidly becoming
triserial and then biserial; chambers of early stages indis-
tinct, becoming distinct and slightly inflated in biserial
stage, increasing regularly In size as added; sutures indis-
tinct_in early stages, distinct and slightly depressed in
biserial stage, very slightly oblique; wall smooth, finely
arenaceous wirth much calcareous cement, final chambers almost
entirely calcareous; aperture an arched opening at the inner
margin of the final chamber. Length of figured specimen .34
mm., breadth .28 mm.

This species was found In the Fort Hays member at eve
locality examined and occurred very rarely in the Smoky Hil
from the Cedar Co., Nebraska, ocore.
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Family LAGEHIDAE
Subfamily NODOSARI INAE
Genus ROBULUS MontfOrt, 18).8

Robulus munsterl (6Roemer)
Plate 1, Figures 6a, b

Robulus munsterl - Roemer, Verstein, norddeutsche.Oolither-
gebirges, Naehtrag*, pv 48, pl> 22, fig, 29,
1839.
Cushman, Jour, Paleo*, vol. 6, p, 334, pl* 50, fTigs.
2a, b,. 1932; Cushman Lab,, Foram» Research Gontr,,
wol. 17, 58, pI* 15, fig* 6, 1941.
Cushman and Deaderick, Cushman Lab. Foram™ Research
Con.tr., wl«. 18, p* 5, pl, 10, figs. 10-13,
1942; Jour. Paleo., vol. 18, p. 331, pl. 950,
fig, 28* 1944-
- Cushman, Cushman Lab. Foram. Research Contr., vol» 20,
p- 8, pl* 13y fig* 7 1944; Ww S. G* £mProf*
Pap. 20#, pv B3> pl» 17> figsT 3"9* 1946.

Test closely coiled except for final portion which may
become slightly ewlute,. somewhat eompressed, with a smooth,
rounded boss of clear shell material at each side, periphery
with a narrow keel) chambers distinct, numerous, increasing
gradually in size as added; sutures distinct, linbate, tangen-
tial, slightly curved, flush with surface of test;, aperture
at_the peripheral le,: radiate with an enlarged ventral
shit; wall _smooth, finely perforate. Diameter of figured
specimen .52 mm., thickness .27 mm.

Specimens_showing.a great deal of variation have been
referred to this species from beds ranging in age from upper
Austin to lower Navarro by Cushman. A Tew specimens from the
Fort HayS member at Spirit Mound and the drill core at Fort
Randall Dam agree well with some of Cushman»s figures of this

species.

Robulus navarroensis gblurmer)
Plate 1, Figures 7a, b

Cristellaria navarroensis r Plumer., Texas Univ* Bull* 2644>
p- 39, TigS. 4a, b, (in text), 1929
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Lenticulina navarroensis - Plumer, idem., Bull. 3101, p. 14,1,

Robulus navarroensis - Jennings, Bull. Am. Paleontology, vol*
23, no. 78, p. 15, E)I. 1, figs. l4a, b, 1936.
Loetterle, Nebraska Geol . Suwe¥_ Bull., 2nd ser.,
Bull. 12, p. 20, pi. 1, figs. 4a, b, 1937.
Cushman, Cushman Lab. Foram. Research Contr., vol.
A7, p. 55, pi- 15, fig- 1, 1941. i
Cushman and Todd, #dem.," vol. 19, p. 54, pi. 9,
fig. 17, 1943. i
Cushman, U. S. G. S. Prof. Pap. 206, p. 51, pi. 16,
Tigs. 6-8, 1946.

_ Test closely coiled throughout, compressed, umbonate,
periphery with a broad thin keel; chambers numerous, 10 to
12 .in final whorl, distinct, of uniform shape and iIncreasing
gradu*allj In size as added; sutures distinct, slli]htly limbate,
gently* curnved, fusing with a boss of clear shell material at
the center; aperture at the peripheral angle, radiate, with
an elongate ventral slit; wall generally snooth, sutures some-
times slightly raised near center. Diameter of figured spe-
cimen .5+ mm., thickness .31 mm.

This 1es is widely distributed in the upper CretaceOus
of the south-central states. Loetterle repo it o be rare
In the Fort Hays of Kansas, Nebraska and South Dakota and.in
the material 1t was also restricted to the Fort Hays.

Robulus, sp.

The genera Robulus and Lenticulina are very difficult
to work with as the generic distinction is based on an aper-
tural _feature, and the apertures of most specimens from this
material arc at least In _part, broken away.” There is also a
great deal of variation within species and they have not, for
the most part, been studied sufficiently to determine just
whst allowances for variation should be made. Numerous spe-
cimens belonging to the genus Robulus, and probably some
Lenticulinas, have been O%rouped _ together as Robulus sp. be-
cause of the difficulty determining a specific designation.
These specimens occur most frequently iIn the Fort Hays member
but a few are from the Smoky Hill.

.



Genus LENTICULINA Lamarck, 1BX4

Lenticulina cf,, L» sublaevis Morrow
m Plate 1, Figures 8a, b

Lenticulina sublaevis - Morrow, Jour» Paleo., vol. 8, p. 189,
pi, 30y figs. 14, 20a, b, 1934*
Loetterle, Nebraska Geol. Survey Bull.,- 2nd ser.,
Bull. 12, p. 22, pi. 1, Tigs,, 7a, b, 1937.
CQushman, . Cushman Lab. Foram™ Research Contr., vol. 17,
B- 66, pi. 16, figs. 10a, b, 19411 U. S. G. S.
rof. Pap. 206, p. 56, pi* 18, fig. 18, 1946.

Numerous _specimens from the Fort Hays at every locality
and one questionable specimen from the Smoky Hill in the core
from Cedar Co., Nebraska, are referred to this species al-
though the apertural characteristics indicate they should
probably be placed in the genus Robulus. They agree well in
other _characteristics with published descriptions and figures
of this species, and there iIs some doubt in the authorls
mind that Morrow and Loetterle correctly described and figured
the aperture.

Test quite large, i1nvolute throughout, sides strongly
convex, thickness about one-half the diameter, with a broad,
smooth boss at each side, perlfhery sllghtl¥_keeled to sharply
rounded; chambers numerous, 10. 12 1n Tinal whorl, early
ones usually rather indistinct; sutures limbate, slightly
curved, Flush with surface or slightly raised, final ones
somewhat depressed in _large specimens; aperture at the outer
peripheral angle, radiate, with a slight enlargement of the
ventral slit on the apertural face» Diameter of i1llustrated
specimen .45 mn*, thickness .24 mm.

Genus PLANULARIA Defrance, 1824
Plahularla umbonata Loetterle
Plate 1, Figures 9a, b

Pl arallaria umbonata - Loetterle,, Nebraska Geol. Survey Bullw,
2nd ser., Bull. 12, p. 23, pi. 2, figs. 2a, b~
1937.
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Test much compressed, sides nearly parallel in edge view
except for slight thickening of umbonal region; ea!’IK stage
coiled, tending to become uncoiled in adult; periphery of
coiled stage with a narrow keel, rounded or somewhat truncate
in adult, thickenedbnd smooth; chambers numerous, distinct,
much broader than high, increasing very little iIn height as
added, becoming strongly oblique In adult; sutures distinct,
slightly limbate and raised, strongly oblique iIn later por-
tion, curved and thickened Into knob-like masses near peri-
pheral margin; aperture at peripheral angle, radiate; wall
Tinely perforate. Length of figured specimen .57 mm., breadth
,22 mm., thickness <« m.

A single specimen which probably represents the megalo-
spheric form of this species was found In the material col-
lected at Spirit Mound* It is smaller, has a large bulbuous
proloculum, an apertural neck, and a stror_wgéy truncated peri-
pheral margin with a thin ridge on each side.

Loetterle reported this species from two localities iIn
Nebraska. In this iInvestigation it was found to occur rarely
in the Fort Hays at Spirit Mound and in the cores from Fort
Randall Dam and Cedar Co., Nebraska.

Planularia sp. #1
Plate 1, Figures 10ay b

_ Test much compressed, coiled, periphery acute, with a
delicate keel iIn early portion of some specimens; chambers
distinct, slightly inflated, increasing gradually In size
as _added, about seven in the final whorl; sutures distinct
slightly depressed, gently curved; ziperture at the peripheral
angle, protruding and radiate; wall smooth except for de-
presse(il4suwres* Diameter of figured specimen <3 mm., thick-
ness .14-mm.

A few specimens from the Fort Hays member iIn Sec* 8,
Clay Co., are referred to this species. It may represent
an undescribed species but until more material can col-
lected and more literature can be studied, It is deemed ad-
visable not to assign a new name to iIt.
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Genus MARGINULINA dTOrbigny, 1326

Mareinulina bullata Reuss
Plate 1, Figures 1lla, b

Marginulina bullata & Reuss, Verstein bohm Kreideformation,
pt. 1, p. 29, pi. 13, figs. 34-38, 184,5m
CuShman, Cushman Lab. Foram* Research Contr., vol» 13,
p. 96, pi. 14, figs. 9-15, 1937; 1idem*, vol, 20,
p- 6> pi* 1, fig. 21> 1944; Sv $ S. Prof* Pap.
206, p* 62, pi. 21* figs. 32-37, 1946? Foraminifera*
Ed. 4r key pi. 21, figs. 7a, b, 1948.

Test stout, earliest stage coiled, later uncoiled por-
tion making up most of test* nearly circular In cross Section}
chambers distinct, few in number, early ones iIncreasing rapid-
ly In size, later ones much inflated; sutures distinct, early
ones not depressed, later ones distinctly depressed, aperture
radiate> at the dorsal peripheral margin, with a long, cylin-
drical neck; wall very smooth, finely perforate.

This species occurs in beds of Taylor and Lower Navarro
age iIn the Gulf Coast region. In this material i1t was found
only in the Fort Hays member at Spirit Mound where It was rare#

This species i1s quite variable In number of chambers and
size of the test but the long, tubular apertural neck and
strongly inflated chambers make it quite distinct from any
other species of this genus.

Marginulina sp* #1
Plate 1, Figures 12a, b

Test elongate, slightly compressed, peripheral margin
rounded, earliest portion coiled, rapidly becoming uncoiled;
ventral margin straight or slightly convex, dorisal margin
concave; chambers distinct, broader than high i1n unboiled
portion, 1increasing gradually in size as added; sutures quite
distinct, flush with the Surface, strongly oblique in the
later portion; aperture at the dorsal peripheral angle, ra-
diate; wall smooth* Length of figured specimen .55 sasab,
breadth .15 mm.
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A Tew specimens from the Fort Hays at Spirit Mound do
not seem to belong to any species described in the literature

available so they are placed here and left unnamed for the
present.

Genus DENTALINA d*Orbigny, 1826

Dentalina aculeata dfOrbigny
Plate 1, Figure 13

Deritalina aculeata - dIOrbigny, Soc. Geolo France Mem., 1st»
ser., volo 4, p. 13, pi. 1, figs* 2, 3, 1840.

Cushman, Jour. Paleontology, wvol. 6,Rp- 335, pi. 50>

fl?- 7, 1932; Cushman [ab. Foram. Research Contr.,

vol. 20, p. G,éol- 2, fig. 11, 19944; U. S. G. S.

Iigzg Pap. 206, p- 67, pi. 26, figs. 17, 1&,

A Tew Incomplete specimens from this material probably
belong to this species» They show one spiny chamber and parts
of the connecting necks. e classification of these speci-
mens s very questionable and Cushman (1946b, p. 67) states
that "lerblgngls species may possibly represent the free end
chambers of a Ramulina”. Length of figured specimen .30 mm»

In this material this species was found to be rare iIn
the Fort Hays Limestone at Spirit Mound; Sec. 8, Clay Co.,
and in the drill core from Cedar Co., Nebraska.

Dentalina cf. D. granti (Plummer)
Plate 1, Figure 14

Nodosaria fillformis - Carsey (not d’Orbigny), Univ. Texas
Bull. 2612, p. 33, pi. 7, fig. 8, 1926.

Nodosaria granti - Plummer, Univ. Texas Bull» 26447 P* 83,
pi. 5, fig. 9, 1926.

Dentalina granti - Plummer, Univ. Texas Bull. 3101, p. 149,
pi. 11, figs. 8; 9, 19310



_Fragments of specimens "which probably belong to this
species were observed in the Fort Hays from Spirit Mound™
The test 1s very long and fragile and it is Improbable that
any complete specimens will be found. Mrs» Plummer describes

the species as follows:

_ «Test very long, slender, arcuate, smooth, with long
apical spine, chambers numerous, elongate, varying from cylin-
drical to distinctly inflated; sutures flush with outline of
test between early chambers on some tests or slightly con-
stricted throughout growth on other tests; wall thick; aper-
ture radiate and not protruding beyond end of final chamber.

"Observed length up to 5 mm.; maximum length probably
much greater.” Length of-broken specimen figured ,,81 mm,,
diameter .14 mm.

Dentalina lorneiana d*Orbigny
Plate 2, Figure 1

Dentallna lomeiana - dOrbigny, Soc,, Geol. France Mem., I1st.

sr-., vol. 4i P° 147 pl° 1, figs. 8, 9, 1840.

Cushman, Tennessee Div,, Geol. Bullg 41, P* 28, pl. 3,
figso 4-7, 19310

Loetterle, Nebraska Geol. Survey Bull», 2nd ser.,
Bull. 12, p, 25, pl. 2, fig. 5, 1937-

Cushman, Cushman Lab. Foram, Research Contr., vol. 16,
- 77, pl. 13, figs. 12-14, 1940; U.S.G.S. Prof.
ap. 206, p. 66, pl.. 23, Figs. 7-11, 1946*

Test quite large, elongate, only slightly curved, gently
tapering to broadly rounded initial end; chambers distinct,
somewhat Inflated, increasing quite rapidly in length as
added, last few much longer than broad; sutures distinct,
slightly depressed, oblique; aperture terminal, radiate, some-
what protruding; wall smooth except for depressed sutures,
Tinely perforate. Length of figured, specimen «78 mm., diab-
eter .18 mm.

This species has a wide range In the Gulf Coast region
and was reported by Loetterle from the Fort Hays limestone in
Nebraska. In this study It was found to be vety rare iIn the
Fort Hays at Spirit Mo.ud.
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Pjntaljjia J3AaniaEsaifiAB Loetterle
Plate 2, figure 2

Dentalina niobrarenslg - Loetterle, Nebr. Geol, Survey Bull.,
2nd"ser., Bull- 12, p* 24, pit 2, fig, 3, 1937.

Test elongate, slightly curved, gently tapering; chambers
distinct, 4 to 6 _in most specimens, slightly inflated, gradu-
ally increasing m size as added, initial chamber bulbuous and
somewhat larger in diameter than the following one or two
chambers; sutures distinct, depressed, later ones slightly
oblique; wall smooth except for depressed sutures; aperture
termln:il;, radiate. Length of figured specimen ,59 mm,, diam-
eter .12 mm.

Loetterle _reported this species from the Fort Hays member
at two localities In Nebraska. In this material it was rare
in the Fort Hays at Spirit Hound and in Sec. 8, Clay Co.

Dentalina reflexa.Morrow
""Plate 2,”Figure 3

Dentalina reflexa - Morrow, Jour. Paleontology, wol. 8, p. 189,
pl." 29, figs. 5, 20, 1934.
Loetterle, Nebraska Geol. Survey Bull., 2nd ser., Bull.
12, p-. 24, plt2, fig. 4, 1937.
Cushman, Cushman Lab. Foram, Research Contr., vol. 16,
. 79,20€|, 13, figs.-16, 1V, 1940; U.S.G.S. Prof,
Bap- , p- 66, pi. 23, figs. 13, 14, 1946.

Test _elongate, gently curved, initial end slightly re-
curved, with a blunt spine; chambers few In number, megalo-
spheric form usually with only two, microspheric form with

ur or five, iIncreasing very little iIn height and breadth
as added, only slightly inflated; sutures distinct, depressed,
slightly oblique; aperture radiate, terminal, at tne inner
margin; wall smooth except for depressed sutures, finely per-
forate. Length of figured specimen .75 mm», diameter .13 mm.

Morrow described this species fran, the basal Niobrara of
Kansas and Loetterle reported, it from the Fort Hays of Kansas
and Nebraska. In this investigation it was rare iIn the Fort
Hays at Spirit Mound and Fort Randall.
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Genus NODOSARIA Lamarck, 1812

Nodosarla zippei Reuss
Plate 2, “ Figures 4» 5

Nodosaria zippel - Reuss, Die Versteinerungen der bohemischen
Kreid formation, pt, 1, p. 25, pi* 8, figs, 1-3,
1845
Sandidge, Jour Paleontology, wol. 6, p. 275, pi. 42,
figs« 13, 14, 1932,
Loetterle,. Nebraska GeaX. Survey Bull., 2nd ser.,
Bull. 12,, p, 26, pi* 3,. fig. 2, 1937.

Nodosaria affinis - Cushman (hot Reuss), Tennessee Div. Gol...
Bull, 41, p, 30* 8X “3* figs™ 16-20, 19317 H.S.
G-S, Prof. Pgp.. 206, p 70, pi,. 25, figs.. 8-23*
1946.

This species shows great variability in slze® number of
chambers, inflation of chambers, and number. of costae, and 1is
seldom found complete because of the fragility of the test,
Sandidge*s description of the species is as Tollows2 nlest
elongate* apiculate, tapering at the apertural end to the pro-
truding apertural neck, and at the initial end to a short
spinej chambers few, usually inflated, i1n megalospheric_ form
decreasing m size as added, increasing In sSize In micro-
spheric formj sutures constricted iIn later stages, septae
visible as dark bands between early chambers; wall ornamented
with 10 strong, sharp costae extending from apical spine to
the aperture, giving the shell a fluted appearance, iIndented
at"the later sutures; aperture central, radiate, protruding .n
While this description fits the species gUite well 1t might be
added that the chambers are sometimes very numerous, at least
in the microspheric form, and that the number of costae ranges
from about 8 to 14

_ There has been a great deal of confusion in the literature
iIn distinguishing between this species and Nodosaria affinis
Reuss However as Sandidge concluded, 1t gopears- that*Nodosaria
m ladel etoottM be used fur Musie fednswh;th puly costae  to
14) and N , affinis should be restricted, to those forms "with
few costae (4 bo 6)-

Loetterle found this Soeciefe throughout the Niobrara for-
mation In Kansas, Nebraska and South Dakota, while in the
material examined in this study it was found only in the Fort
Hays from Spirit Mound.
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Noflosaria sp. #1
Plate 2, Figure 6

_ _Test small, elongate, gently tapering; chambers few,
distinct, slightly inflated, higher_than broad, increasing
gradually iIn size as added; sutures distinct, depressed, hor-
1zontal! wall omamented by five longitudinal costae which run
uninterruptedly across the sutures; aperture terminal, radiate.
Length of figured specimen ,39 nm., diameter .06 mm.

A few specimens from the Fort Hays member at Fort Randall
and Spirit Mound are placed here. They most closely resemble
Nodosaria navarroana Cushman (1946, p. 73) but have much more
elongate chambers, _Cushman states also that his species has
only four longitudinal costae although, his figures show a
specimen with five.

Genus SARACENARIA Defranee, 1824

Saracenaria triangularis (d*Orbigny)
Plate 2, F?gure 7a, b

Cristellaria triangularis - d*Orbizgny, Soc. CGeol. France Mem.,
Ist ser., wol. 4, p. 27, pl, 2, figs.2l, 22, 1840.

Saracenaria triangularis - Cushman and Church, Califomia Acad.
Sci. Proc., 4th ser., vol. 18, p. 505, pl. 37,
figs. 13, 14, 1929.
Cushman and Hedberg, Cushman Lab. Foram. Research
Contr., wl. 17, p. 88, pl,, 21, figs. 35a, b, 1H41*
Cushman, Ctaismen Lab. Foram. Research r., vol. 20,
p- 8, pl. 2, |%._ 5, 1944 U.S.G.S. Prof. Pap. 206,
p- 58, pl. 28, Tigs. 1-3, 1946.

Test closely coiled in early stage, becoming uncoiled in
later portion, triangular iIn transverse section in adult,
widest near base of apertural face, periphery sharp, slightly
keeled iIn early portion, apertural face triangular iIn shape,
with somewhat thickened and raised sides; chambers few iIn
number, increasing gradually iIn size as added, widest at peri-
pheral margin; sutures slig II:K limbate, curved, more strongly
so i1n early portion, flush with surface, sometimes very slight-
-ly depressed in later portion; aperture radiate, at the peri-
pheral angle, slightly protruding; wall smooth, finely per-
forate, Length of figured specimen .51 mm., breadth .34mm»
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This species occurs In beds of Austin, Taylor and Nav-
arro age in the GulT Coast region, being particularly common
in the upper Austin aldTaylor beds. In this investigation it
was found to be rare iIn the. Fort Hays, member at SpiritMound™

Genus VAGINULTNA d*Orbigny, 1826

~agimlina texana Cushman ,
Plate 2, Figure 8

~aMmi I+na. texana - Cushman, Cusbman Lab., Foram. Research
Contr., vol. 6, p* 30,, pl, 4, figs* 2, 3, 1930.
Morrow, . Jour- Paleontology, wvol. 8, p,, 19.2, pl» 29,
fig. 10, 1934*_
Cushman and Deaderiek, Qushman LabD Fo ram.. Research
Contr., vol. 18, p, 59* pi*. 12, fig.su 1.6, 1942,
Qushman, . Cushman Lab* Foram» Research. Contr«, vol,, 20,
P> 88, 1944»

Vaeinulina so* - Cushman, Cushman Lab. Foram. Research Contr.
wvol. 6, p. 30, pl. 4, figs. 12, 13, 1930.

Vaelnulina regina - Loetterle* Nebraska Geol. Survey Bull,,
2nd ser., Bull. 12, p. 27, pl. 3, fig» 4, 1937.

_ Test very variable In size and shai)e sides straight to
sllghtl¥ concave dorsally and slightly convex vehtrally,
parallel or slightly tapering, test much compressed* periphery
rounded—* initial end with a short, blunt spine, sometimes
slightly bulbuous; chambers very variable in number, somewhat
obscured by surface omamentation, strongly oblique, iIncreas-
ing gradually in height as added, not inflated; sutures lim-
bate, strongly oblique, straight or somewhat curved, somewhat
obscured by ommamentation; aperture radiate, at dorsal peri-
pheral angle, slightly produced iIn most specimens; surface
ornamented by strong, longitudinal costae, number increasing
rapidly with increase iIn size of test, bifurcating towards

ertural end as test broadens. Length of small specimen
igured Is -63 mm,* breadth ,15 mm,,

This species has been reported only from beds of Austin
age. Morrow found a single specimen which he referred to this
species in the basal Niobrara of Kansas and Loetterle reported
1t from a single exposure of Fort Hays limestone iIn Nebraska.
In this iInvestigation 1t was found to be rare iIn the Fort Hays
member at Spirit Mound,
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Genus PALMUA Lea, 1833

Palmulaa ,suturalia (Cjishman)
Plate 2, Figure 9

Flabellina.suturalis - Cushman. Cushman Lab, Foram. Research
Contr., vol. 11, p. 86, pi. 13, figs. 9-18, 1935.

Palmula suturalis - Loetterle, Nebraska Geol. Survey Bull._,

2nd ser., Bull. 12, p. 28, pi. 3, fig. 5, 1937.

Cushman and Deaderick, Cushman Lab. Foram. Research
Contr., vol. 18, p. 60, pi. 13, fig. ly 1942j
Jour. Paleontology, vol. 18, p. 334, pi. 52, fig.
5, 1944*

Cushman, U,S.G.S. Prof. Pap. 206, p- 82, pi. 32, fTigs.
3-14, 1946»

Test rhomboidal or cordate in shape, much compressed,
periphery truncate, sometimes grooved; chambers distinct, very
early ones coiled, then becoming chevron shaped, broadest at
apices, 1increasing gradually in width as added; sutures dis-
tinct, platelike and much raised iIn early portion, becoming
less high iIn. later portion, Increasing -in height at the apices
in some specimens, apical portion convex but seldom deve-
loping loopsj aperture radial, terminal, sometimes with a
slight neck; wall between sutures smooth, finely perforate.
Length of figured specimen 1.29 mm., breadth .90 mm.

This species i1s widely distributed in beds of Upper
Cretaceous age, being found i1n beds of Austin, Taylor, and
lower Navarro age; Loetterle reported i1t from the Fort Hae
limestone at several localities In Kansas, Nebraska and South
Dakota. In this study 1t was found in the Fort Hays at Spirit
Mound and Fort Randall.

Genus FRONDICULARIA Defranee, 1824

Frondlcularia cf. F. extensa Morrow
Plate 2, Figure 10

Frondicularia extensa - Morrow, Jour. Paleo., vol. 8, p. 193,
pi. 29, fig. 31, 1934-
Cushman, U.S.G"S. Prof. Pap. 206, p. 86, pi. 34, figs.
3, 4, 1946. -
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Test somewhat diamond shaped In outline, broadest at or
slightly above the middle, thinnest along medium line, thence
thickenln% to peripheral margins, periphery sharply rounded,
slightly lobulate below widest portion; chambers distinct,
chevron shaped, each chamber failing to extend over preceedi
one at periphery, increasing quite rapidly iIn breadth but only
sllghtlg in height as added, proloculum bulbuous; sutures dis-
tinct, becoming limbate and somewhat sigmoidal in later por-
tion, curved backwards and slightly raised at periphery;
aperture terminal radiate, slightly projecting, wall smooth
except for sutures, glassy iIn appearance. Length of figured
specimen .61 mm., breadth <«40 mm.

Only one specimen from the Fort Ha)és at Spirit Mound 1is
referred to this species. Morrow descri it from the basal
¥|obga[a in Ellis Co*, Kansas, the o6nly locality at which he
ound It.

Frondicularia undulosa Cushman
11 Plate 2, Figure 11

Frondicularia undulosa - Cushman, Cushman Lab. Foram. Research
Contr™., ~wol* 12, p. 13, gi- 3, figs. 7-11, 1936.
Loetterle, Nebraska Gfeol. Survey Bull., 2nd ser.,
Bull. 12, p. 29, pi* 3, figs. 8, 9, 1937.
Cushman and Deaderick, Cushman Lab. Foram. Research
Contr., wol. 138, p. 60, pi* 13, figs. 2, 3, 1A-2.
Cushman, idem., vol. 20, p, 89, 1944; U.S.G.S. Prof.
Pap, 206, p- 87, pi. 3> figs. 9-13, 1H46.

Test typically elongate, %entli/ tapering, periphery
sharply rounded or truncate, slightly lobulate In most speci-
mens, Initial end with a stout spine; chambers distinct, elon-
ate, iIncreasing gradually iIn size as added, proloculupi bul-
uous and with a central costae; sutures distinct, strongl
oblique, curving backwards at the periphery; aperture termina
and protruding, radiate. Length of figured specimen .65 mm,,
breadth .22 mm.

"This species occurred rarely iIn the Fort Hays at Spirit
Mound and Fort Randall. Loetterle reported it from the Fort
Hays at a few localities iIn Kansas, Nebraska and South Dakota.

- 33 -



Genus KIPHOPYXA Cushman, 1929

Kyphopyxa christneri (Carsey)
Plate~2, Figure 12

Frondlcularia christneri - Carsey, Texas Univ. Bull. 2612,
p- 41, pi. 6, fig. 7, 1926.

Kyphopyxa christneri - Cushman, Cushman Lab. Foram. Research
Contr., vol. 5, % 1, pbl. 1, figs. 1-7, 1929;
iden., wl. 6, p. 3, pI* 4, fl?- , 1930; p. 85,
pl. 12, fig. 2, 1930; Jour. Paleontology, vol. 6,
p, 336, pl. 50, figs. 11, 12, 1932.

Loetterle, Nebraska, Geol. Survey Bull., 2nd ser.,
Bull- 12, p. 29, pl. 4, fig. 1, 1937.

Cushman and Beaderick, Cushman . Foram. Research
Contr., wl. 18, p. 62, pl.. 14, figs. 1-7, 1942.

Cushman, i1dem, wvol. 20, p. 89, pl. 13, figs- 23, 24,
1944} U.S.G.S. Prof. Pap. 206, p- 92,"pl. 38,
figs. 12-17, pl. 39, figs. 1-12, ; Foraminifera,
Ed. 4, PI* 21, figs. 1, 2, 1948.

Test compressed but sides generally very slightly convex,
apertural end very narrov, flaring to a broad inrtial extrem-
Ity, widest near , periphery truncate; chambers distinct,
early ones coiled, then biserial, and finally uniserial, long
and narrow, increasing little if at all In breadth, adult
chambers strongly recurved au the base and en\_/elopln? earlier
ones, sutures distinct, early ones strpngl¥ raised, platelike,
later sutures greatly reduced, even slightly depressed in some
specimens, with a raised ridge at tlie apices In sone; aperture
projecting, terminal, radiate; wall smooth ex for sutures,
perforate. Length of figured specimen .87 mm., breadth .54 mm.

This species ranges from the Austin through the Taylor
marl. Loetterle reported 1t from the Fort Hays at Spirit
I\l\/llognd I?nd in the cores from Fort Randall and Cedar County,
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Family POLYMORPHINIDAE
Subfamily POLYMORPHIN INAE
Genus GLOBULINA d Orbigny, 1839

Globulina lacrima.Reuss var, subsphaerica (Berthelin)
Plate 2, Figure 13

Polvmorphina subsphaerica - Berthelin, Soc. Geol. France
I\gg.o, ser. 3, wl. 1, p. 58, pi. 4,, figs. 18a, b,

Globulina lacrima Reuss var., subsphaerica (Berthelin)-

Cushman & Ozawa,. U. S. Nat, Mus. Proc., vol. ,
art. 6, p. 78, pi. 19, figs, 5-7, 1930.

Cushman, Tennessee Div. Geology Bull. 441, p. 41,
pi. 6, figso 10a-c, 1931=

Loetterle, Nebraska Geol. Survey Bull. 2nd ser.,
Bull. 12, p. 31, pi. 4, figs. 5a, b, 1936.

Cushman & Goudkoff, Cushman Lab.. Foram. Research
Contr., wvol. 20, p. 57é0é3i- 9, fig. 14, 194-;
gé S. G. S. Profo Bap , p= 96, pi. 40, fig.

Numerous specimens from the Fort Hays limestone are re-
ferred to this _varie%y. They agree very well in general
shape with published figures and descriptions of this variety =
but the chambers and sutures are very indistinct,,

This variety iIs widely distributed in the Upper Creta-
ceous of America. Loetterle reported it from the Fort Hays
of Nebraska and gave the following description:

"Test compressed, subglobular, elongate-oval in end
view, apertural extremity produced; chambers few, extending
almost to base of test; sutures flush or faintly incised,
indistinct In most specimens, aperture round, radiate, termi-
nal.” Length of figured specimen .30 mm., breadth .22 mm.



Subfamilly RAMULININAE
Genus RAVULINA Rupert Jones, 1875

Ramulina aff- R. aculeata (dfOrbi
Plate 2, Figure 1(4 )

Ramulina aculeata - Cushman, U.S.G.S. Prof, Pap. 206, p- 100,
pl. 43, figS. 11-16, 19460

Several irregular sharply spined specimens from the Fort
Hays member at Spirit Mound and from Sec. 8, Clay Co., are
referred to this species. These specimens are all broken
and incomplete but they seem to be identical with specimens
from Mexico and Texas which Cushman placed in this species.

Genus BULLOPORA Quenstedt, 1856
Bullopora sollasi Ch%man
late 2, Figur(e )

Vitriwvebbina sollasi .—Chgomen., Geol. Mag., N.S., Decade 3,
vol. 9, p. 53, pl. 2, figs., 1-3, 1892.
Bogg, U-:SL%%'ESS' Bull-. 8, p- 35, pl. 2, figs. 5a, b,

Bullopora sollasi - Loetterle, Nebr,, Geol* Survey Bull., 2nd
ser., Bull. 12, p. 3, pl. 4, fig. 7, 1937.

_ nTest attached, elongate, peripheral margin with a narrow,
delicate flange; chambers few, iInflated, elongate to hemi-
spherical, connected by short, narrow, tubular necks, iIn some
specimens with tubular lateral extensions; aperture terminal,
rounded; wall calcareous, finely perforate.’

Loetterle reported this species from a few exposures of
the Fort Hays member and gave the above description. It was
observed In the Fort Hays at Fort Randall and Spirit Mound
during this investigation.

This species can be distinguished from Bullopora laevls
§ISolla§) by 1ts possession of a narrow, delicate, marginal
ange
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Family HETEROHELICIDAE
Subfamily GUVBELININAE
Genus GUMBELINA Egger, 1899

Gumbelina globulosa (Ehrenberg)
Plate 2, Figure 16

Textularla globulosa - Ehrenberg, Abhandl. K. preuss, Akad.
— Wiss. Berlin, p. 135, pi. IV, fig. B., 1838.

Gumbelina globulosa - Egger, Abhandl» kon. bay. Akad. Wiss.

Munchen, kI. 11, wvol. 21, pt." 1, p- 32, pi.
14, flﬁ 43, 1899.

Cushman, ~Cushman Lab. Foram. Research Contr., vol.
3, p- 190, 1927/ Tennessee Div. Geology Bull.
4, P. 43, pio 7, Figs. 3—5 1931.

Morrow, Jour. Paleontology wvol. 8, p. 1%, pi- 29,
fIgS- 18a, b, 1934»

Loetterle, Nebraska Geol. Surv fy Bull., 2nd ser.
Bull. 12, p. 33, pi. s. 8a, b* 1937.°

Cushman, Cushman I__ab "Foram. Research Contr., vol.
14, p- 6, pi. figs. 28-33, 1938.

Cole, Florlda Dept Cons Geol . Bull» 16, p, 34,
pi. 3, flg 10, 1938.

Cushman and Hed erg Cushman Lab. Foram. Research
Contr ., 17, p- R, pi. 2, Ffigs. 15a, b,

1941»

Cushman and Todd, Cushman Lab. Foram. Research
Contr., vol, Ig) 11, fig. 12, 1943»

Cushman and Deaderlck Jour aleontology vol. 18,
P* 336, pi-- 53, figs. 2, 3 1944»

Cushman, U.S.G.S. Prof. Rg:s . 105, pl> 45,
flgs 9-15, 1946j rammlfera Ec> 4# key
pi. 26, flgs 6a, b,

Test elongate V-shaped, uniformly tapering to bluntl
pointed initial end, perlphew lobulate throughout, muc
more strongly so in final portion, earliest stage coiled,
later biserialj chambers distinct, inflated, very strongly
so_in later portion, globular; sutures distinct, depressed,
Sll htll/ obllcpe aperture a broad, arched opening at base

inal chamber, with a distinct Ilg wall smooth, perforate.
Length of flgured specimen .35 mm., breadth .24 ran
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This species is widely distributed in the Upper Cretaceous
of America and Europe. Morrow found It to occur throughout
the Colorado group In Kansas and Loetterle found it through-
out the Niobrara and the Lower Pierre iIn Kansas, Nebraska and
South Dakota* In the study 1t was found throughout the Nio-
brara at every locality examined»

It is difficult to distin?uish this species from Gumbelina
reussi Cushman which occurs lover iIn the section. The two
apparently grade into each other and many of Cushman®s figures
G. reussi %opear_ 1 be more closely related to G. globulosa.
G« reussi 1s described as having the periphery of the early
portion complete and iIn having the later chambers clearly set
off from one another with a triangular indented area between.

Gumbel ina moremani Cushman
Plate 2, Figures 17a, b

Gumbelina globifera - Morrow (not Reuss), Jour* Paleontology,
vol. 8, p. 194, pl. 29, figs. 15, 17, 1934-

Loetterle (nhot R , Nebraska Geol. Surwvey Bull.,

2nd ser., Bull. 12, p. 3#4, pl. 5, fig.3, 1937.

Gumbelina moremani - Cushman, Cushman Lab. Foram. Research
Contr., vol. 14, P- 10, pl. 2, figs. 1-3,
1938; idem., vol* 20, p. 90, pl. 14, figs.
la, b, 1944’

__ _Test very elongate, i;radual ly tapering to bluntly pointed
initial _end, periphery lobulate, earliest portion coiled,
later biserial, sometimes tending toward Ventilabrella with a
chamber developed at the side iIn the adult; chambers numerous,
distinct, subglobularj sutures distinct, degressed throughout,
aperture a high arched opening at base of final chamber, with
a distinct lip and a flange on each side which may project
onto the preceding chamber; wall smooth, finely perforate.
Length of figured specimen ,44 mm., breadth .22 mm.

Morrow records this species as occurring throughout the
Colorado group in Kansas. It has been reported from beds of
Austin age in the Gulf Coast region. In this investigation
It was _found throughout the-Niobrara at some localities but
never in any abundance.
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i This species differs from Gumbelina %E'Iedylo.a (Ehrenberg)
in the larger number of chambers and iIn more elongate and
less tapering test.

Gumbelina plummerae Loetterle
Plate 2, Figure 18

Gumbelina plumerae - Loetterle, Nebraska Geolo Survey Bull™,
%Sg?ser-, Bull. 12, p, 33, pl- 5, figs. 1, 2,
Cushman, Cushman Lab* Foram. Research Contr., vol.
14, P. 15, pl. 3, flgs- 3-5, 1938/
Cole, Florida Dept. Cons., Geol. Bull,* 16, p. 34,
pl, 3> fig. 9, 1938.
Cushman and Deadericky CUshman Lab* Foram., Research
Contr., vol. 18, p. 62, pl. 15, figs. 24,

1942.

Cushman, idem., wvol, 20, p, 10, pl. 2, fig. 18
1944; 1i1dem., vol* 20, p. 90, pl. 14, figf,l
3a, b, 1944; U*S.G.S. Prof, Pap. 206, p- 1
pl. 45, figs. 1-3, 1946*

_ Test broad and thick, V-shaped, early portion tapering
rapidly to bluntly pointed inittial end, adult portion tapering
more gradually, periphery of earlg/_ portion complete, later
strongly lobulate; chambers mostly biserially ar , Strong-
ly inTlated and appressed in adult, last few generally thicker
than broad; sutures distinct, depressed; aperture a broad,
loWj arched opening at base of last chamber, with a distinct
lip; wall distinctly costate, especially In early portion.
Length of figured specimen *33 mm,, breadth ,22 mm.

This species occurs iIn beds ranging from Austin to lower
Navarro age, Loetterle found it to be quite comon throughout
the Niobrara iIn Kansas, Nebraska and South Dakota. In this
Investigation i1t was found t occur throughout the Niobrara
but was more <fdmon in the Smoky Hill.

This species can_be distinguished frofi Gumbelina striata
(Ehrenberg) by the thicker and more appressed final chambers,
and by the more distinct costae.
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Gumbelina pseudotessera Cushman
Plate 2, Figure 19

Gumbelina tessera - Cushman (nhot G. tessera Cushman, 1936, nor
Grammostomum tessera Ehrenberg)®, Jour. Paleo.,
vol. 6, p. 338, 8I- 51, figs. 4, 5, 1932»
Loetterle, Nebraska Geol. Survey Bull., 2nd Ser.,
Bull. 12, p. 34, pl. 5, fTig. 4, 1937.

Gumbelina pseUdotessera - Cushman, Cushman Lab. Foram™* Re-
search Contr., wvol. 14, p. 14, pl. 2, figs. 19-21,
1938, idem., vol. 20, p. 10, 1944; idem., vol.
20, pu 91, pl. 14, fig. 5, 1944; U.S.G.S. Prof.
Pap. 206, p- 106, plI. 45, fTigs. 16-20, 1946.

_ Test compressed, tapering rather rapidly to bluntly
pointed initial end, greatest breadth at final chambers,
periphery lobulate throughout, more strongly so in later
gorthn; chambers distinct, slightly inflated, final ones
ecoming much broader than high and somewhat curved! sutures
distinct, depressed, slightly curved in later portion; aper-
ture a high arched opening at base of final chamber, with a
narrow lip and a distinct flange on each side. Length of
figured specimen .24 mm*, breadth .16 mm.

This species differs _fran Gumbelina globulosa in the
compressed test, shape of the later chambers, and curved
sutures of the later portion.

This species ranges throughout beds of Austin and Taylor
age. It was found throughout the Niobrara but was generally
quite rare.

Genus VENTILABRELLA Cushman, 1928

Ventilabrella austinana CQushpian
Plate 3, Figure 1

Ventilabrella austinana - Cushman, Cushman Lab. Foram. Re-
search Contr., vol. 14, f 20, gl. 4, fig*
19, 1938; idem., vol. 20; p- 92, pl. 14
fig. 7, 1944»
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Ventilabrella eeeeri - Loetterle (nhot Cushman), Nebraska Geol.
Survey Bull,, 2nd ser,, Bull. 12, p. 35, pi,
5, fig. 5, 1937.

Test biserial in early portion as in Gumbelina. later
becoming fan shaped with numerous chambers In a single plane>
chambers numerous, somewhat compressed in biserial portion,
globular In later portion, increasing gradually in size through-
out biserial stage but variable in size in later portion,
sutures distinct, depressed, aperture as in Gumbelina in early
stage, later with numerous apertures; wall smooth, perforate.
Length of figured specimen ,34 mm., breadth .39 mm.

This species is found in beds ranging from middle Austin
to lower Taylor age. Loetterle reports it as being rare
throughout the Biobrara formation. In this investigation it
was found in the Fort Hays member at Spirit Mound.

Subfamily BOLIVTNITINAE
Genus BOLIVINITELLA Marie, 1941

Bolivinitella elevi (Cushman)
Plate 3, Figures 2a, b

Bolivinita eleyi - Cushman, Cushman Lab. Foram. Research
Contr., vol. 2, p, 91, pi, 12, figs. lla> b>
1927; idem,, vol. 7, p. 39, pi. 5, Ffigs, 8a, b,
1931> Jour. Paleontology, vol. 6, p. 339, pi*
51, figs. 7a, b, 1932; U.S,G.S. Prof, Pap. 206,
p- 111, pi. 48, figs. 18-20, 5916~

Bolivinitella elevi - Cushman, Foraminifera, Ed, 4, P* 258,
pi, 21, figs, 10a, by key pi, 26, fig. 21, 1948.

Test very small, much compressed, biconcave, broader
faces more strongly concave* two or three times as long as
broad, greatest breadth formed by final two chambers, tapering
gradually to sharply rounded initial end, periphery sharp,
keeled, chambers quite distinct in most specimens, biserially
arranged throughout; sutures distinct in most specimens*
strongly limbate, not raised; aperture elongate, terminal,
sometimes extending into apertural face where it tapers out,
with a raised border, wall calcareous, very finely perforate.
Length of figured specimen ,20 mm,, breadth ,10 mm.
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This species has been recorded from beds of upper Austin
and Taylor age in the Gulf Coast area. In this iInvestigation
it was found to be fairly common in the Fort Hays member at
Spirit Mound.

It is very distinctive but because of its very small
size is easily Overlooked.

Subfamily EOUVtGERININAE
Genus EOUVIGERINA Cushman. 1926

Eouvigerina aculeata Cushman
Plate 3, Figures 3a, b

Eouvigerina a.culeata - Cushman, Cushman Lab. Foram. Research
- iy Contr., vol. 9, p. 62, pl. 7, figs. 8a, b, 1933.
Loetterle, Nebraska Geol. Survey Bull., 2nd ser.. Bull.
12, p. 36, pl. 5, fig, 9, 1937.
Cushman, U.S.G.S. Prof. Pap. 206, p. 116* pl. 49, fig.
13> 1946-

Test small, elongate, gently tapering to rounded initial
extremity, greatest breadth near aperttrral end, periphery of
early part entire, sharply indented in later portion, chambers
of early part indistinct, later ones distinct, with a sharp
ridge somewhat below the middle, chamber convex above ridge
and slightly concave below, sutures of early portion indis-
tinct, later distinct and depressed; aperture rounded or oval,
with a short, thick neck and phialine lip; wall finely per-
forate. Length of figured specimen .27 mm., breadth ,13 mm.

This species is characteristic of beds of Austin and
lower Taylor age, Loetterle found it sparingly throughout
the Niobrara formation. In South Dakota it is very common
in the upper part of the Fort Hays member, with few rare
occurrences in the lower part of the member. Eouvigerina
americana Cushman is much more clear cut and has a rhomboidal
aperture?



fflonvlfeerina plummerae Cushman
Plate 3, Figures 4a, b

Tfouvieerina plummerae - Cushman, Cusbman Lab. Foram. Research
Contr., vol. 9, p. 62, pl. 7, figs. 6, 7, 1933*
Loetterle, Nebraska Geol. Survey Bull., 2nd ser., Bull.
12, p. 36, pl. 5, fig. 8, 1937.
Cushman, U.S.G.S. Prof. Pap. 206, p. 116, pl. 49, figs.
10, 11, 1946.

Test small, elongate, very gently tapering, broader faces
concave, narrow sides slightly convex, somewhat Ilobulate,
angles sharp, keeled; chambers mostly biserial, distinct in
most specimens, rapidly iIncreasing iIn size as added; sutures
distinct iIn most specimens, limbate* slightly depressed; aper-
ture terminal, rounded or elliptical, with a short, distinct
neck and phialine lip; wall thin, finely perforate, nearly
translucent. Length of figured specimen .24 mm., breadth
-09 mm.

The type of this species is from the Austin chalk of
Texas-. It has been reported only from beds of Austin age.
It was quite abundant in all samples of lower Fort Hays exam-
inedland appears to be a good marker for this horizon.

This species is very distinct and easily recognized.
The concave broader sides and sharp, keeled angles readily
distinguish it from any other species of this genus.

Family BULIMINIDAE
Subfamily BULIMININAE
Genus BULIMINA d*Orbigny, 1826
Bulimina reussi Morrow

Plate 3, Figure 5

Bulimina reussi - Morrow, Jour. Paleontology, vol. 8, p. 195,
pl. 29, fig. 12, 1934»

Cushman and Parker, Cushman Lab. Foram. Research Cotr.,

vol. 11, p. 99, pl. 15, figs. 8, 10, 1935.



Cushman and Hedberg, idem-, wvol.. 17, p. 95, pl. 22,
I- figs. 30a-c,1941»

Frizzell, Jour. Paleontology, vol» 17, p. 35°> Pl»
57, fig. 2, 1934.

Cushman, Cushman Lab. Foram* Research Contr., vol.
20, p- 12, pl. 2, fig. 25, 1944»

Cushman and Deaderick, Jour. Paleontology, vol. 18,
p* 337, pl. 53, fig* 6, 1944»

Cushman, U.S.G.S. Prof. Pap. 206, p. 120, pl. 51,
figs - 1-5, 1946.

Cushman and Parker, U.S.G.S. Prof. Pap. 210-D, p. 84,
pl, 19, fig. 31, pl. 20, figs. 1-5, 1947.

Test small, somewhat ovate, widest slightly above middle
initial end bluntly pointed, triserial throughout; chambers
numerous, slightly inflated, increasing rapidly in size as
added, earlier ones broader than high, those of final whorl
much higher than broad, final convolution making up more than
half of test; sutures distinct, depressed, especially in
later part of test; aperture elongate, oblique, subterminal;
wall smooth, finely perforate. Length of figured specimen
.23 mm., breadth .14 mm.

This species is widely distributed in beds of Austin,
Taylor and Navarro age in the Gulf Coast region. Morrow
reported it from the basal Niobrara, of Kansas. In this study
it was found in most sections of the Fort Hays member examined.

This 1s a quite distinctive small species most closely
related to Buli_mina trihedra Cushman. However, it lacks the
definitely trihedral character of that species, Iis shorter,
and has less inflated chambers.

Genus NEOBULIMINA Cushman and Wickenden, 1928

Neobulimina canadensis Cushman and Wickenden
Plate 3, Figure 6

NeobuHTnina canadensis - Cushman and Wickenden, Cushman Lab.
Foram. Research Contr., vol. 4» P* 13, pl. 1,
figs, 1, 2, 1928.
Cushman, Tennessee Div. Geol. Bull. 41* p. 48, pl. 8,
figs. la-c, 1931*
Cushman and Parker, Cushman Lab. Foram. Research
Contr., vol. 12, p. 9, pl. 2, figs, 9, 10,
1936.
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Cushman, 1#dem*, vol. 20, p. 93, pi. 14, figs. 12,
13, 1944-

Oushman and Deaderick, Jour* Paleontology, vol;
18, p. 337, pi. 53, figs* 9, 10, 1944-

Cushman, U.S.G.S. Prof. Pap. 206, p- 125, pi. 52,
figs. 11, 12, 1946»

Cushman and Parker, U.S.G.S. Prof. Pap, 210-D, p. 132,
pi. 29, figs. 32, 33, 1947.

Test small, widest near the middle, initial extremity
pointed, apertural end rounded, to 3 times as long as
broad, early stage triserial, adult biserial; chambers num-
erous, quite indistinct in triserial stage, inflated and
subglobular in adult biserial stage, wall calcareous, very
coarsely perforate, reticulate iIn early part of some specie
mens; aperture a broad, high opening it base of f inal chamber,

in a distinct depression. Length of figured specimen ,30 mm.,
breadth .11 mm.

This species has a long range in the Upper Cretaceous,
being found in beds ranging from Eagle Ford to Navarro age
in Texas* It was quite common in the Fort Hays member at
every locality examined during this investigation.

This species differs from Neobullmina irregularis Cushman
and Parker in having more regular chambers that are less
globular, and iIn having stronger ornamentation in the early
part of the test.

Neobullmina cf» N. Irregularis Cushman and Parker
" Plate 3, Figure 7

Neobulimina irreeularis - Cushman and Parker, Cushman Lab.
Foram. Research Contr., vol. 12, p. 9, pi. 2,
figs# 8a, b, 1936.
Loetterle, Nebraska Geol. Survey Bull», 2nd ser.,
B, 12, p. 38, pi. 5, fig. 12, 1937-
Cushman, U.S.G.S. Prof. Pap- 206, p. 125, pi. 52,
fig. 13, 1946.

Test small, very elongate, sides nearly parallel except
for initial end which tapers rapidly, early stage triserial,
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later Irregularly biserial; chambers distinct, globular;
sutures distinct, depressed, strongly so in later portion of
test; aperture elongate, extending from inner margin of last
chamber; wall quite coarsely perforate# Length of illustrated
specimen .23 mm», breadth .06 mm.

Loetterle recorded this species from both the Port Hays
and Smoky Hill members. However, in this study only two rare
occurrences in the Smoky Hill were noted.

Subfamily VIRGULININAE
Genus VIRGULINA d*Orbigny, 1826

Virgulina teeulata Reuss
Plate 3, Figure 8

Virgulina tegulata - Reuss, Verstein bohm Kreideformation,

pt. 1, p. A0, pl. 13, fig. 81, 1945.

Cushman, Cushman Lab. Foram. Research Sp. Pub. 9,
p- 4» pl> 1» figs. 8-12, 1937; Cushman Lab.
Foram. Research Contr®, w?l. 20, p. 12,7 plv 2,
fig. 26, 19445 idem. vol. 20, p. 93, pl# 14,
fig. 14, 1944-

Cushman and Deaderick, Jour. Paleontology, vol. 18,
p- 338, pl, 53, fig. 11, 1944*

Cushman., U.S.G.S. Prof. Pap. 206, p. 126, pl- 53,
figs. 1-4, 1946.

Loxostoma teeulatum * Loetterle, Nebraska Geol. Survey Bull.,
2nd ser., Bull. 12, p. 40, pl. 7, fig. 3, 1937.

Test elongate, slender, very gently tapering to bluntly
pointed initial end, slightly compressed, periphery broadly-
rounded, slightly lobulate, test somewhat twisted in early
portion, earliest stage coiled, then biserial; chambers dis®
tinct, slightly inflated, gradually increasing in size as
added, higher than broad nearly throughout; sutures distinct,
~lightly depressed, somewhat oblique, aperture elongate,
ov~te, extending from base of final chamber to terminal margin;
wall smooth, Tfinely perforate» Length of illustrated specimen
.35 mm., breadth .10 mm.
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This species occurs in beds of Austin, Tailor and lower
Navarro age. Loetterle reported it from the Fort Hays lime-
stone at several localities in Kansas, Nebraska and South
Dakota.; In this investigation it was found to be rare in
the Fort Hays member at several localities.

This species appears to be very similar to Loxostoma
tp.-fmlafggmi (Reuss) but from Cushman’s (1937c, pl,, 20, Tigs.
17, 18) figures®™ the later species appears to have much more®
oblique sutures and broader and shorter chambers, especially
in the early portion of the test.

Virgulina sp. #1
Plate 3, Figures 9a, b

Test small, very elongate, slightly compressed, sides
gently tapering in early portion to sharply rounded initial
end, nearly parallel in later portion,, somewhat lobulate,
eatly part of test slightly twisted; chambers distinct, slight-
ly inflated, biserial nearly throughout, earliest portion
coiled; sutures distinct, slightly depressed, nearly horizon-
tal; aperture elongate, in a distinct depression at the inner
margin of the last formed chamber. Length of figured specimen
.33 ram., breadth .11 mm.

The small specimens referred to here occur throughout
the Niobrara and are quite abundant in the Fort Hays of some
localities. They most closely resemble Virgulina minuta
Cushman from the lower Cretaceous of Texas, but the sutures
of the later species are strongly oblique and the chambers
are somewhat more inflated.

Genus LOXOSTOMA Ehrenberg, 1854

Loxostoma clavatum (Cushman)
Plate 3, Figures 10a, b

Bolivina clavata - Cushman, Cushman Lab. Fqgram. Research
Contr., vol. 2,, p. 87, pl, 12, figs. b5a, b, 1927.
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Loxostoma clavatum - Cushrga™ Jour. Paleontology, vol. 6,
p. 340, pi. toi,ytigs. Sa, |io,n932j -Cushman Lab.
Foram. Research: Sp. Pub. 9/lp 171N pi. 20, figs»
6-8, 1937; Cushman Lab. Foram. Research Contr.,
vol. 20, p. 9.4 j)1..14> fig* 16* "944; U.S.G.S.
Prof. Pap,”206 p. 130, Pl .*54»_ * | 4-9, 1946.

Test elongate, rapidly tapering to blunt initial end,
subcircular iIn apertural view, periphery broadly rounded,
biserial throughout, early portion often twisted; chambers
numerous, early ones somewhat indistinct, later ones dis-
tinct, somewhat inflated and overlapping, with blunt finger-
like projections along lower margin; early sutures somewhat
indistinct, nearly horizontal, later ones distinct, oblique,
strongly crenulatej aperture elongate, tending to become
terminal In adult but extending from terminal margin to near
base of chamber in most specimens; early portion of test
ornamented by longitudinal rows of pits, wall in adult smooth
except for finger-like projections, perforate. Length of
figured specimen .45 mm., breadth .15 mm.

This species occurs in beds of Austin, Taylor and lower
Navarro age but is largely limited to the lower Taylor. In
this material it occurred only iIn the uppermost Smoky Hill.

This species is closely related to Loxostoma cushman,i
Wickenden, although the typical forms of each are quite did-
tinctive. Through stronger development of the finger-like
projections along the basal margins of the chambers and en-
largement of the test in the adult, this species grades into
Bolivina explicata Cushman and Hedberg, which may be a Loxo-
stoma.

Loxostoma cushmani Wickenden
Plate 3, Figure 11

Loxostomum cushmani - Wickenden, Royal Soc. Canada Trans,,
3rd ser., vol. 26, sec. 4, p. 91, pi. 1, figs.
6a, b, 1932.

Loxostomum clavatum - Cushman (not Cushman, 1927), Jour.

~ Paleontology, vol. 6, p. 340, pi. 51, figs. 8a, b,
1932.
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Loxostoma teMFfiithi - Cushman, Cushman Lab. Foram. Research
JIifv Pub. 9, p. 171* pl. 20, figs. 9*13, 1937.
Cushman an$ Deaderick, Cushman Lab. Foram. Research
Contr., vol. 18, p. 63, pl. 15, figs. 11-13, 19-42.
Cushman, ideai., vol. 20, p. 12, pl. 2, fig. 28, 1944»
idem.,, vol. 20, p. 94, pl. 14, fTig. 17, 1944)
U.S.G.S., Prof. Pap. 206, p. 129, pl. 53, figs.
24-31, 1946.

Test elongate, four or five times as long as broad, very
gradually tapering to blunt initial end, subcircular in end
view, periphery broadly rounded, early portion biserial,
adult irregularly uniserial; chambers somewhat indistinct
in early portion, becoming very distinct in adult, inflated
and somewhat overlapping; sutures rather indistinct in early
portion, later very distinct and much depressed, with dis-
tinct crenulations; aperture rounded or oval, becoming ter-
minal j wall smooth and finely perforate in adult, with fine
longitudinal costa,e in early portion. Length of illustrated
specimen .58 mm., breadth .16 mm.

This iIs a very common species in the Upper Cretaceous
of America, occurring in beds of upper Austin and Taylor age.
In the material examined in the iInvestigation it was found
to be common in the upper part of the Smoky Hill member. The
specimens from the Smoky Hill and lower Pierre of Kansas,
Nebraska and South Dakota referred to Loxostoma applinae
(Plummer) by Loetterle probably belong to tihis species &s
L. applinae is an Eocene form.

This species is closely related to Loxostoma clavaturn
(Cushman) and in some localities the difference betweensthe
two is more or less bridged over by intermediate forms. In
its typical form L. clavatum is much more tapered, is biserial
throughout, and shows stronger development of the sutural
crenulations.

Family ELLIPSOIDINIDAE
Genus PLEUROSTOMELLA ReUss, 1860
Pieurostomella aus tinana .Cushman

Plate 3, Figure 12

Pleurostomella..austinana - Cushman, Cushman Lab. Foram. Re-
search Contr., vol. 9, p. 64» pX. 7, f£g. 13*

1933. r-
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Loetterle, Nebraska Geol. Survey Bull., 2nd ser.,
Bull. 12, p. 40, pl. 6, fig. 4, 1937.

Cushman, U.S.Q.S. Prof. Pap. 206, p- 131, pl. ™4,
figs 19-21, 1946.

Test slender, very elongate, subcircular in cross section,
initial end sharply rounde biserial throughout but very
Ioosel)ll in adult, chambers distinct, inflated, iIncreasing
radually In size as added, becoming much hlgher than broad
|n adult; sutures dlstlnct strongly depressed, oblique,
aperture subelliptical, at side of final chamber near apex;
mall smooth, very finely E)erforate- Length of figured spe-
cimen .64 ran., breadth .1

This species has been reported from the Austin chalk of
Texas, and Loetterle reported it from the Fort Hays and lover
Smoky Hill iIn Kansas, Nebraska and South Dakota. A few rare
occurrences of this species iIn the Fort Hays member were®noted
during this investigation.

Genus NODOSARELLA Rzehafc, 1895

Nodosarella gracilllma Cushman
Plate 3, Figure 13

Nodosarella gracillima - Cushman. Cushman Lab. Foram. Research
Contr., vol. 9, p. 64, pl- 7, figs. 14a, b,

1933; 1i1dem., vol. 20, p. 13, pl fig. 32.
1944, U.S.G.S. Prof. Pap 206 p- 134 pl. 55,
figs. 19-21.

Nodosaria sp. - Morrow, Jour. Paleo., wol. 8, p. 197, pl. 29,
figs. 2, 3, 1934~

Test narrow, elongate, tapering very gradually from
greatest breadth at apertural end to rounded initial extremity,
circular in end view, earliest stage biserial, later uni-
serial; chambers of biserial part indistinct, distinct in
uniserial stage, mcreasm% rapidly in height but only slight-
ly In breadth as added ightly inflated in later portion;
sutures distinct iIn unlserlal stage, horizontal, Somewhat
depressed; aperture semielliptical, at one side of final pham-
ber near the end; wall smooth except for depressed sutures,
fligely perforate. Length of figured specimen .52 nm., breadth
: ran.
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This species is found in the upper Austin and lower
Taylow of the Gulf Coast region* Morrgw reported it from
the basal Niobrara of Kansas and in this investigation it
was found in the Fort Hays from the drill core at Fort Randall

Family ROTALIIDAE
Subfamily DISCORBINAE
Genus VALVULINERIA Cushman, 1936

Valvullneria plummerae.Loetterle
Plate 3, Figures 14a, b, c

Valvulineria plummerae * Loetterle, Nebraska Geol. Survey
Bull*, 2nd ser., Bull. 12, p* 41, pl. 6, Ffigs.
5, 6, 1937.

Cushma®n, Gushman Lab. Foram. Research Contr,, vol.

20, p- 13, pl. 3, fig- 1, 1944 idem., vol. 20,
p> 95, pl. 14, fig* 20, 1944j U.S.G.S. Prof, Pap.
206, p* 137, pl. 57, fig. 4, (not figs. 3a-e),
1946.

Test trobhoid, about 2] whorls visible on dorsal side,l1
only final whoisl visible on ventral side; dorsal side flat
or slightly conv”™K-at the center, ventral side convex, peri-
phery broadly rounded, slightly lobulate; chambers distinct,
somewhat inflated, 7 to 10 in the final whorl, iIncreasing
gradually in size as added, final chamber has a lobe-like
extension on ventral side which covers umbilicus; sutured dis-
tract* ventrally radiate, slightly curved, depressed through-
out, gently curved ondorsal side, depressed only in later
portion of test; aperture somewhat indistinct, a low siit
extending from periphery to umbilicus; inner margin of final
chamber quite broad, nearly flat; shell wall smooth, finely
perforate. Diameter of illustrated specimen ,25 ran-, thick-
ness ,16 rat*

The type of this species is from the Fort Hays limestone
of Nebraska, Loetterle found i1t in the Fort Hays knd lower
Smoky Hill, [It”has been reported from the lower Cretaceous
OfF Texas and from beds of Austin,. Taylor and Navarro age»
In this material it was observed iIn the Fort Hays at most
localities and one rare occurrence in the Smoky Hill was noted*
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Genus GYROIDINA d*Orbigny, 1826

Gyroidina depressa (Alth)
Plate 3, Figures 15a, b, ¢

Rotalina depressa - Alth, Haidinger’s naturew. Abh., wvol. 3,
p. 266, pi. 13, fig. 21, 1850.

Gyroidina depressa - Cushman and Church, California Acad. Sci.
Proc., 4-th ser., vol. 18, p. 515, pi- 41,
figs. 4-6, 1929.

Cushman, Tennessee Div. Geology Bull. 41, P- 54,
pi. 9, figs. 7, 8, 1931.

Sandidge, Jour. Paleontology, vol. 6, p. 283, pl-
43, Figs. 16-18, 1932.

Wickenden, Jour. Paleontology, vol. 6, p. 206,
pi. 29,. figs. 9a-c, 1932.

Loetterle, Nebraska Geol. Survey Bull., 2nd ser.,
Bull. 12, p. 42, pi. 6, figs. 7a-e, 1937.

Cushman and Hedberg, Cushman Lab. Foram. Research
Contr., vol. 17, p. 97, pi. 23, figs. 11, 12,
1941-

Cushman, Cushman Lab. Foram. Research Contr., vol.
20, p- 95, pi- 14, figs. 23a-c, 1944-

Cushman and Deaderick, Jour. Paleontology, vol. 18,
p- 339, pi. 53, figs. 19, 20, 1944-

Cushman, U.S.G.S. Prof. Pap. 206, p. 139, pi. 58,
figs. 1-4, 1946.

Rotalia cretacea - Carsey, Texas Univ. Bull. 2612, pi*48,
~pl. 1, figs. la, b, 1926.

Test trochoid, biconvex, dorsal side only slightly convey
showing 2 to 3 whorls, ventral side quite convex, showing
only the final whorl, umbilicate, periphery rounded, some-
times quite sharply so, becoming lobulate in the later stages;
chambers numerous, 10 to 12 in final whorl, last few becoming
slightly inflated; sutures on ventral side radiate, nearly
straight,, becoming slightly depressed in later part, slightly
curved on dorsal side, flush with the surface; aperture a low
slit at base of final chamber on ventral side; wall smooth,
finely perforate. Diameter of figured specimen ,18 mm.,
thickness .10 mm.

This species ranges nearly throughout the upper Creta-
ceous of the Gulf Coast region. Loetterle reported it as
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being rare in the Fort Hays and quite common in the lower
Pierre of Kansas, Nebraska and South Dakota. In this study
it was found orily in the Fort Hays from the drill core at
Fort Randall Dam.

Gyroldina nitida (Reuss)
Plate 3, Figures 16a, b, c

Rotalina nitida - Reuss, Geognostisehe Skizzen Bohemen, vol.
2, pt. 1, p. 214, 1844»

Gyroldina nitida - Morrow, Jour. Paleo., vol. 8, p. 197, pl.

30, figs. la-c, 1934-

Loetterle, Nebraska Geol» Survey Bull., 2nd ser.,
Bull. 12, p. 42,. pl. 6, figs. 8a-c, 1937.

Frizzell, Jour. Paleo*, vol. 17, p. 351, pl. 57,
figs. 6a-c,, 1943*

Cushman, U.S.G.S. Prof. Pap. 206, p. 140, pl. 58,
fig. 5, 1946.

Test*trochoid, 2i to 3 whorls visible on dorsal side,
only final whorl visible from ventral, dorsal side flat to
Slightly convex, ventral strongly convex, umbilicate, peri-
pheral margin sharply to broadly roundedy lobulate in some
specimens; chambers quite distinct, early ones on dorsal
side indistinct on some specimens, 4 to 6 in final convolution,
Slightly inflated, increasing regularly in size as added;
sutures slightly curved, later ones somewhat depressed, ra-
dially disposéd on ventral side, early ones on dorsal side
indistinct in some specimens; aperture a low slit at base of
final chamber, extending from periphery to -umbilicus. Diam-
eter of figured specimen .31 mm», thickness .21 mm.

This species occurs iIn the Fort Hays member at most
localities and appears to be restricted in the Niobrara to
this lower member.
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Family GLOBIGERINIDAE
Subfamily GLOBIGERININAE
Genus GLOBIGERINA d"Orbigny, 1826

Globiper™na cretacea d’Orbigny
Plated» Figures la, b

Globigerina cretacea ~ d’Orbigny, Mem* Soc. Geol* France,

ser, 1, vol. 4, P* 34» pl* 3, figs. 1214/
1840»

Morrow, Jour. Paleontology, vol. 8, p. 198, pl* 30,
figs. 7, 8, 10a, b, 1934*

Loetterle, Nebraska Geol* Survey Bull,, 2nd ser.,
Bull. 12, p. 44, PI* 7, figs. 1, 2, 1937*

Cushman, Cushman Lab. Foram* Research Contr., vol* 22,
p- 17, pi* 3, fig* 5, pl* A, Figs# p, 6, 1946.

Test a low trochoid spire, 2\ to 3 whorls visible on
dorsal side, only final whorl visible from ventral, with a
large, deepumbilicus on ventral side, periphery broadly
rounded, strongly lobulate, chambers distinct, spherical,
generally fTive and sometimes six in final whorl, iIncreasing
quite rapidly In size as added; sutures distinct, strongly
depressed; aperture from each chamber large, opening iInto
the umbilicus, with a distinct, smooth lip, the umbilical
cavity of most specimens is Filled with foreign material
obscurring the apertures; surface Ornamented by numerous
fine spines which are more strongly developed iIn the early
stages. Diameter of figured specimen .48 mm*, thickness
.30 mm*

This 1s a very common and widespread species in the
upper Cretaceous and occurred throughout the material examined
in this investigation.

There has been a great deal of confusion in the litera-
ture dealing with the genus Globigeriria and as a result it is
a very difficult one to work withT The specimens collected
from this material show a great deal of variation and it 1is
probable that more than one species IS represented* However,
until the literature dealing with the genus is clarified, it
iIs deemed advisable not to separate them*



Genus GLQBIGERINELLA Cushtflan, 1927

GloMgierlnella aspera (Ehrenberg)
Plate, 4* Figures 2a, b

Phanerostomum asaparum - Ehrenberg, Mikrogeologie, pl. 30,
figs, 26a, bf pl, 32, pt. 2, fig. 42, 1854*

6lobi g e r aspera - Qusbraan, Tennessee Biv. Geology Bull*
p* PI* Hy Ti S5a> -
boetterle, Nebraska Geo Survey Bull,, 2dt ser,*
Bull, 12, p* 45, PI* 7, Figs. 4a, b, 1937.
Nauss, Jour. Paleontology, vol. 21, p- 337, pl. 48,
figs. 9a, b, 1947.

.Test: plwaEspirally foiled, nearly bilaterally symetrical,

sub#Arcuia;r in outline* periphery broadly rounded, strongly
;isbulatfe”™ thpou~hout} chambers distinct, strongly inflated,
increasing wiiformly in siz”as addedi 6 to 8 in the final
coilj sutures distinct, strongly depressed throughoutj aper-
ture a higharched opening at base of final chamber, extending
downward on each side, with a distinct lip which broadens into
W flaxife on each ~idej wall finely spinose, especially in
early portion. Diameter of illustrated specimen .28 mm.,
thicl”ss 17 paw

This spebies is quite common in the upper Cretaceous

i1 of AmiWica, lipetterle reported it from the NiObrara formation

In Kansas, Nebraska and South Dakota. It occurred throughout

the Niobrara of most localities examined but is much more
common in the Smoky Hill,

This small species is very distinct in its typical form
but through a lengthening of the final chambers it grades into
Hafttii“eine™la» Mallex all g (White) is more
etoliite and has the entire test more loosely coiled.

Geillus HASTIGERINELLA Gusl}mSan, 1927

Hastigerinella simplex Morrow -
r Plate 4, Figures 3a, b

Haatlgerlnella simplex - Morrow, Jour. Paleontology* vol.

M pv pl, 3/ figs, 6a, b, 1934»
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Loetterle, Nebraska Geol. Survey Bull., 2nd ser.,
Bull. 12, p. 46, pl. 7, figs. 5a, b, 1937.

Cushman, U.S.G.S, Prof. Pap. 206, p. 148, pl. 61,
fig. 10, 19-6.

Test slightly trochoid, becoming planefepiral in the
>gult, chambers of early whorls small, globular, quite iIn-
distinct, those of final whorl very distinct, four or five
in number, last two or three becoming elongate, final one
very strongly elongate, with a broadly rounded outer end;
sutures distinct, depressed; aperture a high, arched opening
at base of final chamber, extending onto ventral side, with
a slight, very thin lip, somewhat indistinct; wall finely
spinose, spines becoming gyite coarse at the tips of -the
adult chambers. Diameter of figured specimen .30 mm., thick-
ness .10 miru

Morrow described this species from the Greenhorn lime-
stone of Kansas. Loetterle reported it as occurring through-
out the Niobrara at several localities In Kansas, Nebraska
and South Dakota. In this study 1t was found to be rare in
the Fort Hays member at Fort Randall Dam.

This 1s a very simple species of the genus and probably
represents an early stage in its development. It does not
have the final chambers nearly as elongate as those of Has-
tjgerinella watersi Cushman, nor does it have the bulbuous
tips on the final chambers as on the later species.

Family HAWTKENINIDAE
Genus SCHACKOINA Thalman, 1932

Schackoina trituberculata (Morrow)
Plate 4> Figure A

Hantkenina trituberculata - Morrow, Jour. Paleo. wvol. 8,
p. 195, pl* 29, figs. 24, 26-28, 1934-

Schlackoina trituberculata - Loetterle, Nebraska Geol. Survey
Bull., 2nd ser., Bull. 12, p. 47, pl. 7, Tigs.
7a, b, 1937.
Cushman, U.S.G.S. Prof. Pap. 206, p- 1438, pl. 61,
figs. 13-16, 1946.
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Test very small; consisting of three and sometimes four
globular chambers in an irregular planespiral arrangement,
chambers; increasing rapidly in size as added; with one to
three tu:bular spines projecting from each chamber, i1f only
one, 1t is at periphery, if two, placed: symmetrically at each
side of periphery, and if three, with the peripheral one
smaller than those at the sides; aperture an arched opening
at base, of, final, chamber, generally indistinct. Diameter
of illustrated specimen ,,19 mm., thickness .10 mm.

This species was reported from the Smoky Rill member by
Morrow and Loetterle. 1t was found in the Fort Hays from
Fort Randall Dam as well as iIn some samples of the Smoky Hill
during this study. Because of the extremely small size of
this species it has probably been overlooked In many samples.

Family GLOBORQTALIIDAE

Genus GLOBOTRUNCANA Cushman, 1927

Globotruncana canalicUlata (Reuss)
Plate 4, Figures 5a, b

a1l 1lna rasliculata - Reuss, Akad* Wiss. Wien, Mathnaturwiss.
KI., Denkschro, vol. 7, pt,, 1, p. 70, pl. 26,

£&g« 4?2 1854*

Globotruncana canaliculata - Cushman.,. Cushman Lab. Foram.
Research Contr., vol™ 3, p. 116, pl. 23, figs.
Hare, 1927; Jour. Paleontology, wvol. 6, p. 343,
pl. 51, figs. l4a-c, 1932.

Cushman and Deaderick, Cushman Lab. Foram. Research
Contr., vol. 18, p. 65, pl. 15, figs. 23-27,
1942.

Cushman, Cushman Lab. Foram» Research Contr., vol.
20, p- 14, pl° 3, fig. 8, 1944-»

Cuithman and Goudkoff, Cushman Lab. Foram. Research

; Contr., vol# 20, pe 62, pl*. 10, figs. 10a, b,

1944

Cushman* U.S.G.S. Prof,, Pap,i 206, p. 149, pl. 61,
figs. 17, 18, 19466 n

Test flattened, dorsal and ventral sides nearly parallel
Or sxmewhat convex, periphery broad and sharply truncate;.
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chambers distinct, overlapping, about 5 to 7 in final whorl,
Increasing In size as added, with definite dorsal and ventral
keels, dorsal face of each chamber flat or slightly concave,
ventral face flat or slightly convex; sutures distinct, raised
and beadlike, tangential on dorsal side, curved on ventral

side, curved along periphery forming dorsal and Ventral keels;
aperture opening into umbilicus from ventral margin of last
chamber, with a distinct lip; chamber faces smooth, perforate*
Diameter of figured specimen .44 mm*, thickness .20 mm.

This species is widely distributed in the Cretaceous of
America and has a long vertical range. |In this material it
was found in both the Fort Hays and Smoky Hill but was ex-
tremely rare.

The sharply truncate periphery with distinct dorsal and
ventral keels, and the flattened character of the titat dis-
tinguish this species from others of the genus.

Globotruncana mareinata (Reuss)
Plate 4, Figures 6a, b, c

Rosalina marglnata - Reuss, Verstein Bohm Kreideforination,
pt. 1, p. 36, pl. 8, figs. 54, 74; pl. 13, fig.
68, 1845.

Globotruncana mareinata - Thalman, Eclogae Geol. Helvetiae,
vol. 27, p. 414, 193/.
Cushman, U.S.G.S. Prof. Pap* 206, p. 150, pl. 62y
figs. 1, 2, 1946.

Globlgerina marginata - Loetterle (?), Nebraska Geol. Survey
Bull., 2nd ser., Bull. 12, p. 44, pl. 7, fTigs.
3a-c, 1937.

Test somewhat compressed, slightly biconvex, periphery,
truncate, distinctly lobulate throughout; chambers distinct,
5 to 7 1n final convolution, inflated, with definite dorsal
and ventral keels which are more strongly developed in later
chambers, chambers somewhat offset and with overlapping ap-
pearance; sutures distinct, depressed, slightly curved dorsfcl-
ly, straight on ventral side} aperture an arched opening on
ventral side of final chamber, opening iInto small umbilical
cavity, with a narrow lip; surface coarsely perforate and
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somewhat spinosey more strongly so In early portion cf test,,
Diameter of figured specimen *28 mm,/ thickness *41 mm.

-J ihiS. species has more inflated chambers than any others
of the genu? .giving it an appearance somewhat like Globigerina,
However jptii6 (trmcate periphery and definite dorsal and -ven-
tral keels place it in this genus,,

"This, species.is most common in beds of Austin and lower
Taylor age» Loetterle found It to be quite abundant in the
Smoky Hill and rare in the Fort HaysQ It was found through-
out t he Niobrara in this material but never iIn any abundance,,

Genus GLQBOROTALITES Brotzen, 1.2

Globorotalites micheliniana (d®rbigny)
Plate 44'Figures 7a™ b, c

Rotallna micheliniana - d"Orbigny Soc,, Geol,, France Menub
1st ser wvol. 4, P° 31, pl- 3, figsw1-3, 18401

‘ Cushman , Gushman Labo Foram* Re-
search Contr |, vol* 7 p, 45, Pl 6, figs» 8a’c,
1931; idem.-, vol« 20, 15, pl- 3, flg» 13, 1944;

Prof, Pap» 206 b, 152, -pl,63
2a-c, 3a-c, ,£l,94o|oo =

micheliniana - Cushman, Jaur,, Paleontology, vol, 6,
p--32A4Ap»* 51, figs* 12a—q, .1932S N

ala™amensis - Sandidge, Jour. Paleontology, vol, 6,
" B-283, pl» 43, figsa 13-15, 192,,

Globorotalites micheliniana ~ Cushman, Foraminifera, Edo 4>
35, fig. 13,

Test conical iIn side view, dorsal side slightly concave
to slightly convexr ventral side hlih with deep umbilicus;
periphery sharp, sometimes slightly keeled; surface smooth;
chambers .somewhat indistinct, 6 or 7 in final whorl ; sutures
somewhat indistinct, .flush with surface, strongly oblique on
dorsal side, arched opposite to direction of coiling on ven-
tral side; aperture :elongate, rextending from near periphery
to umbi licus along basal margin of -final chamber; Inner margin
of final chamber somewhat broad and flattened» Diameter of
figured specimen «26 mm,, height ,.19 miru
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The types of this species are from the White Chalk of the
Paris Basin. In America it is largely confined to beds of
Taylor age although i1t i1s occasionally found iIn Austin and
Navarro beds. It occurred rarely in the Fort Hays from the
drill core at Fort Randall Dam.

__ This species and Globorotalites subconica Morrow are very
similar but the later species iIs somewhat smaller, has con-
cave sides, a more flaring periphery, and more distinct early
chambers on the dorsal side.

Globorotalites umbilicata %oetterle)
Plate 4> Figures 8a, b, c

Globorotalia umbilicata - Loetterle, Nebraska Geol. Survey
Bull., 2nd ser. Bull. 12, p. 43, pl. 6, figs.
9&-c, 1937.
Cushman, Cushman Lab. Foram. Research Contr., vol. 20,
p.- 96, pl. 14, figs. 19-c, 1944; U.S.G.S. Prof.
Pap. 206, p- 153, pl. 63, figs. la-c, 1946.

Test low, broadly conical In side view, dorsal face con-
cave, ventral face lowly conical with a broad, open umbilicus;
eriphery , hot keeled, lobulate; chambers distinct, 7 to
-.in last whorl, elongate, curved, last few somewhat inflated,
only those of last whorl visible on ventral side, all visible
dorsally; sutures strongly curved opposite to direction of
c0|llngi, distinct and depressed on ventral side, especially be-
tween last few chambers, somewhat Indistinct and less depress-
ed on dorsal face; aperture low, elongate, extendi from near
periphery to umbilicus along base of last formed chamber;
inner margin of last chamber broad; wall smooth, perforate.

Diameter of figured specimen <30 mm., height .16 mm.

The.type of this species iIs from the Niobrara chalk of
Nebraska» It 1s found at numerous localities iIn beds of
Austin age and at a few localities in beds of lower Taylor
age. In this material It was very common iIn the Fort Hays at
evetl;y locality and was rare i1n a few samples of the Smoky Hill
member .

This species differs from Globorotalites subcanica Morrow
and G. michelintana d’Orbigny in the lower ventral side,
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lobulate periphery, broader and more open umbilicus, more

st(lj’ongly curved sutures, and more depressed sutures on ventral
sideo

Family ANOVALINIDAE
Subfamily ANOMALININAE
Genus ANOMALINA d®rbigny, 1826

Anomal Ina henbesti Plummer
Plate 4? Figures 9a, b, c

Anomalina complanata -Cushman (hot Reuss), Tennessee Div.
Geol. Bullc 41, p, 60, pl. 11, figs. 7a-c, 1931»
Anomalina henbesti - Plummer, Texas Univ. Bull. 3501, p. 290,
pl. 5, figs. 7-10, 1932,
Cushman and Goudkoff, Cushman Lab.: Foram. Research
Contr., wl.. 20, p. 60, pl. 10, fig. 11, 19447
Cushman, U.S.G.S. Prof. Pap 206, p- 155, pI 64*
figs» 2a-c, 1946»
Planulina complanata - Loetterle (nort Reuss), Nebraska Geol.
Survey Bull., 2nd ser., Bull. 12, p. 48, pl. 8S
figs. la-c, 1937.
Anomalina semicomplanata - Cushman, Cushman Lab. Foram. Re-
search Contr», wvol. 14, p. 68, pl. 12, figs. la-e,
1938; w1dem., vol. 16, p. 29, pl. 5, figs6 9a-—c,
1940,

Test trochoid iIn young, becoming planispiral in the a-
dult, equal Iy biconvex to somewhat flattened aorsally, dorsal
side with a"rounded node of clear shell material at the cen-
ter, sometimes obscuring the early whorls, becoming slightly
involute in final whorl, ventral side with a eoil of clear
shell material at the center becoming slightly evolute iIn
later part, periphery sharply rounded, becoming lobulate in
final portion; chambers numerous, 9 to 12 in final whorl, In-
creasing gradually in size as added, later ones becoming some-
what inflated; sutures distinct, slightly limbate, gently
curved, becoming slightly depressed In later stages; aperture
ar+ arched opening at base of final chamber, extending as a
narrow slit to the umbilicus on the ventral side, with a
slight lip; wall smooth except for the slightly depressed
sutures and thickening at the center on-each side, coarsely
perforate. Diameter of i1llustrated specimen .30 TT1., thick-
ness .10 mm.
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Loetterle reported this species from the Fort Hays lime-
stone of Kansas, Nebraska and South Dakota, and it has been
reported as widely distributed in bed"s of upper Taylor and
lower Navarro age in the Gulf Coast area. It occurred in the
Fort Hays at every locality examined during this study but was
never very abundant.

Genus PLANULINA dOrbigny, 1826

Planulina kansasensis Morrow
Plate 4, Figures 10a, b, c

Planulina kansasensis - Morrow, Jour» Paleontology, vol. 8,
p. 201, pl. 3, figs* 2, 12, 15, 1934-
Loetterle, Nebraska Geol. Survey Bull., 2nd ser»,
Bull. 12, p. 49, pi. 8, figs. 2a-c, 1937.
Cushman, Cushinan Lab. Foram. Research Contr., vol. 16,
p.- 34, PI. 6, figs. 8a-c, 19403 U.S.G.S. Prof.
Pap. 206, p, 157, pl. 64, figs, 12a-c, 1946.

Test much compressed, dorsal and ventral sides nearly
flat, somewhat trochoid, dorsal side completely evolute, show-
ing 2i to 3 whorls, central area covered by clear shell mater-
1al of varying thickness* ventral side nearly involute, be-
coming slightly evolute in later part, with a thick coil of
clear shell material at the center, periphery sharply rounded,
very slightly lobulate; chambers quite distinct, numerous,
8 to 11 in final whorl; sutures distinct, gently curved back-
ward, slightly depressed in later part of test; apferture
rather indistinct, peripheral and extending onto ventral side,
with a slight, thin lip; wall smooth, perforate. Diameter of
figured specimen .36 nmu, thickness .10 mm.

# The type of this species is from the biasal Niobrara of
Kansas. Loetterle reported it as abundant in the Fort Hays
limestone of Kansas, Nebraska, and South Dakota, and less
common in the Smoky Hill. It has the same distribution 1in
this material although the specimens from the upper part of
the Smoky Hill are questionably referred to this species.
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Phylum ARTHROPODA
Class CRUSTACEA
Order OSTRACODA
Family CYTHERELLIDAE
Genus CYTHERELLA Jones, 1349

Cytherella bullata Alexander
Plate 5, Figures la, b

Cytherella obesa ~ Alexander (not Jones, Kirkby and Brady,:
188%), Univ* Texas Bull* 2907r p. 51, pl- 1, Tigs,
3, 6, 1929.

Cytherella austinensis - Alexander, Univ» Texas Bull* 2907,
po 51, pl» 2? figSo 4., 6, 19290

Cytherella bullata® Alexander, Jour. Paleo., volP 6, p.,101,
1932; Am, Mid* Nat,,, vol,, 13, p. 305, pl» 28.
figso 3, 49 1932.
Loetterle, Nebraska Geol* Survey Bull., 2nd ser,,, Bull,
12, p. 50y pl. 8, figs, 4a? b, 1937»

Loetterle described this species as follows:

""Carapace ovate in lateral view* the female higher than
the male, greatest height at or very slightly posterior to the
middle; anterior end broadly rounded, posterior rounded but
more narrowly than anterior, lower and narrower iIn the male;
dorsal .margin gently arched, obscurely angled at the middle,
angle more pronounced in the male, ventral margin faintly con-
vex; right valve overlaps left around entire margin, amount of
overlap sore™what greater dorsa.lly than elsewhere, very slight
in the post-ventral guarter of the margin; in dorsal view
carapace of female widest at a point about one-third the
length from posterior end, of the male at or slightly poster-
jor to the middle, broadly rounded posteriorly, especially; in
the female.'" Length of i1llustrated specimen ,60 mm,, height
.33 mm,,, thickness of rigftt valve ,,19 mm.

Alexander described this species from the upper Austin
chalk of Texas and Loetterle reported it as rare In the Fort
Hays.. A right valve fffan "the Fort Hays at Spirit Mound was
the only specimen of this species ftnmd in this material.
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Family CYTHERIDAE
Genus BRACHYCYTHERE Alexander, 1933

Brachycvthere sphenoides (Reuss)
Plate 5, Figures 2a, b

Cvthere sphenoides - Reuss, Denkschr. K. Akad, ¥iss. Wien,,
vol. 7, p. 141, pl. 26, fig. 2, 1854.
Alexander, Univ. Texas Bull, 2907, p. 81, pl. 7, Tigs.
9, 14, 1929w

Brachycvthere sphenoides - Alexander, Jour. Paleo., vol. 7,
. 205 pl. 25, figs. 3, 14; PI* 26, fig. 7; pl.
7, Ffig. 19, 1933.
Loetterle, Nebr. Geol. Survey Bull., 2nd ser., Bull.
12, p* 53, pl. 9, figs. la, b, 1937.

Loetterle described this species as follows:

"Carapace in side ovate, height equal to more than two
thirds the length, greatest height just anterior to the cen-
ter, with a prominent tubercle near antero-dorsal margin;,
anterior end broadly and obliquely rounded, finely denticu-
late, posterior end acute, rounded and denticulate along post-
ventral quarter, dorsal margin strongly arched, broadly angled
anterior to the center, obscurely angled iIn the post-dorsal
quarter, ventral border slightly convex, dorsal and ventral
medges converging strongly toward the posterior end, just above
ventral border of each valve i1s a broad, alate lateral ex-
pansion; left valve overlapping right; hinge of the right
valve consisting of an anterior tooth and postjacent socket,
with a long crenulate tooth at posterior end of hinge; left
valve with anterior socket and postjacent tooth connected by
a narrow bar to the long crenulate socket at posterior end of
hinge; 1n dorsal view anterior and posterior ends compressed,
valves wider through the ventrolateral expansion.” Length of
illustrated specimen .74 nm., height .50 mm., thickness .40mm.

This species iIs common throughout the Austin chalk of
Texas and extends upward through the lower half of the Taylor.
Loetterle found i1t to be common iIn the Fort Hays member of the
Niobrara and in the chalk zone of the lower Pierre. From this
material 1t was present only in the Fort Hays at Spirit Mound
and Fort Randall Dam.
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Genus CYTHEREIS Jones, 1849

Cythereis coryelli Loetterle
Plate 5, Figures 3a, b

Cythereis coryelli - Loetterle, Nebraska Geol, Survey Bull»s
2nd ser*, Bull, 12, p. 55, pl° 9, figs» 3a, b,
1937,

A single right valve of this species from the Fort Hays
member 1n the Fort Randall Dam drill core shows the characters
of the species very mell* Loetterle described 1t from the
Fort Hays of Nebraska and did not observe it outside of this
member,, His description is as follows:

“"Carapace thin and fragile, in side view elongate-ovate,
height equal to about one-rnalf the length, highest near an-
terior end, converging slightly toward posterior end; anterior
border broadly and evenly rounded, smooth, with a narrow mar-

inal £im, posterior end obliquely truncate above, rounded and

inely denticulate below; dorsal margin straight, ventral
margin gently convex downward and converging toward posterior
end; sides ornamented by a prominent, large tubercle anterior
to the center and a second, smaller tubercle posterior to and
Slightly above the center, beginning near the antero-ventral
margin a, sharp ridge extends posteriorly and upward,- widening
rather rapidly and terminating posteriorly in a sharp node, a
second ridge extends along, the dorsa,! margin, widening poster-
iorly, the post-dorsal junction is marked by a short, flat
spine directed posteriorly; iIn dorsal view ends subacute,

carapace widest at node-like termination of ventral ridge; sur-
face reticulate, slightly depressed and more finely reticulate

In the area posterior to the large sub-central tubercleo,,
Length of figured specimen <48 mm», height a25 mm*

Cythereis foersteriana (Bosquet)
Plate 5» Figures 4a, b

Cypridina foersteriana - Bosquet, Mein» Soc» Roy» Sci* Liege,
volo 4/ P» 364, pl- 2, figs» 4a-d, 1847«

mCvthere foersteriana - Alexander, Univ» Texas Bull, 2907,
— p¥ 8, pl. 6, figs, 15 11, 1929«
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Carapace i1n side view elongate, oblong-ovate, greatest
height near anterior border; anterior end broadly rounded,
finely denticulate, with a thickened marginal rim which ter-
minates dorsally in thickened knob; posterior end vely narrow,
angled at about middle* ooarsely denticulate below angulation;
dorsal and ventral margins slightly convex converging rapldly
towards posterior end, left valve the larger, slightly over-
Iappln% the right around entire margin, surface ornamented by
three ongltudlnal ridges grel(?lnnlng anterior to middle and
terminating near posterlor dorsal ridge with a prominent
depression just below its anterior end, sometimes with 3 or 4
smaller pits behind this one; iIn dorsal view carapace 1is
strongly biconvex, widest slightly posterior to middle, an-
terior and posterlor ends much compressed Length of illus-
trated specimen .66 mm., height 41 mm., thickness of left
valve .19 mm.

This species iIs much more narrow posteriorly than Cy-
thereis semiplicata Reuss and has the post-ventral margin
denticulate. The ornamentation is also slightly different,
this species lacking the knoblike termination of the middle
ridge and having one to four pits just below dorsal ridge.

Alexander reported this species from the lower Taylor of
Texas. It was rare in the Fort Hays at Spirit Mound and in
Sec. 8, Clay County.

Cythereis niobrarensis Morrow
Plate 5, Figures 3a, b

Cythereis niobrarensis - Morrow, Jour. Paleo., wol, 8, p. 203,
pl/ 31, figs. 6, Oa-c, 1934
Loetterle, Nebraska Geol, Survey Bull., 2nd ser.,
Bull. 12, p. 54> pl— 9, figs. 2a, b, 1937.

Carapace In side view elongate, sub-ovate, highest near
anterior end; anterior end broadly rounded, denticulate, with
a thickened marginal rim; posterior end sharply angled at
middle, slightly rounded and denticulate below, curving sharﬁ)—
ly upward ve angullation and ljoming dorsal margin at nearly
a right angle; dorsal margin slightly concave, curving upward
and joining_ anterior margin in an angular Junctlon ventral
margin straight, dorsal and ventral margins converge slightly
posteriorly; surface coarsely reticulate and ornamented by
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three rows of fine nodes, dorsal one begins near middle and
terminates just iIn front of post-dorsal juncture in a large
sharp spine, central one curves downward anterior- to middle
aird terminates beneath large prominent tubercle-, a third row
begins near anterio-ventral margin and runs obliquely upward
posteriorly, terminating in a large spine just anterior to
post ventral juncture; carapace strongly biconvex in dorsal
view, anterior and posterior ends strongly compressed. - Length
of figured specimen *63 mm», height ,32 mm.,, ickness .30 mm»

This very distinctive form iIs the most common ostracod
in the Fort Hays member of the Niobrara, It was found at
every locality examined during this study and Loetterle found
It to be widespread In his material. In most of Loetterle*s
Kansas and Nebraska specimens the rows of spines have deve-
loped Into ridgeso

> Cythereis subgracilis Morrow
Plate 5, Figures 6a, b

Cythereis subgracilis - Morrow, Jour. Paleo*, wvol. 8, p,, 204,
pl,, 31, figs» 9a-c, 1934»

Carapace in side view elongate, subovate, highest near
anterior margin; anterior margin broadly and evenly rounded,
with a thickened marginal rim, posterior end roundly angled
at middle, rounded and denticulate below, somewhat truncate
above angulation; ventral margin straight, dorsal margin curv-
ing slightly upward iIn anterior portion, dorsal and ventral
margins converge slightly posteriorly; surface finely reticu-
late, ornamented by three rather indistinct ridges, median
one strongest posteriorly, terminates at about middle iIn a
prominent, broadly rounded knob, dorsal ridge short, beginning
posterior to middle, curving angularly downward near post
dorssll margin and _ioins median ridge, third ridge begins near
anterior end, parallels ventral margin to post-ventral junc-
ture- where i1t angles abruptly upward and joins median ridge;
carapace In dorsal view strongly biconvex* thickest posterior
to middle, anterior and dorsal ends strongly compressed.
Length of illustrated specimen PSO mm», height <2 mm., thick-
ness .21 mm»

The type of this species is from the basal Niobrara in
Ellis Go,, Kansas, the only locality at which Morrow found TIt,,
It was very rare In the Fort Hays at Spirit Mound and from the
drill core at Fort Randall Dam.
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Table 1

FORAMINIFERA

Spiroplectammina semicomplanata (Carsey)

Gaudryina

(Siphoeaudrvina)

Cushman

Gaudryina (Pseudogaudryina)
nebrascensis Loetterle

Dorothia. cf. D. filiformis (Berthelin).
Dorothia pupoides (d"Orbigny)
Robulus manster i(Boemer)

Robulus navarrpens”s (Plummer)

Robulus sp.

Lenticulina aff. L.

Planularia umbonata Loetterle
Planularia sp. #1
Marf*Lrmli,na bullata Reuss

Marginulina, sp. #1

Dentalina
Dentalina
Dentalina
Dentalina
Dsn&slixiq.
Nodosaria.
Nodosaria

aculeata d"Orbigny
1“ranti  (Plummer)
lorneiana d’Orbigny
niobrarensis Loetterle
tfefXexa Morrow

zippeil Reuss

sp- #1

aus.ti®ana.

sifolaevj.s Morrow

Saracenaria triangularis (d’Orbigny)
Vap inulina texana Cushman
Palimila sutural is (Cushman)
Frondicularia extensa Morrow

Kyphopyxa

Globulina

Cushman

christnei;i (Carsey)

lacrima Reuss var.

subsphaerica iBerthelin)
Ramulina cf. R, aculeata (d’Orbigny)

Bullopora
Gumbelina
Gumbelina
Gumbelina
Gumbelina

BoHaa[l (Cbawan)
globul ,osa (Ehrenberg)

moremani Cushman
PNipmerae Loetterle
pseudotessera Gushman
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- Showing Distribution and Relative Abundance- of Species

Fort Hays Smoky Hill
1 234 56 78 910 .112
-
R T
-
-
A RRR T
C R T
R T
C R R T
CR R T
R T
R
-
R
R R R
-
T
R T
R T
C
T T
R
R
C T
-
R T
T T R\
R T T
R T
R T
ceC RAAA cCCOC
R R R
T R CR RR RRRR
R R R R R



Table 1 COTnttrmed)
Fort Hays Smoky Hill
3 A 56 78 9 11ly-

N

'!qen ti 1a{brel la austinana Cushman
1B&l"ivinitelia eleyt (Cushman)
Eouvigerina acul tata ©ashman

fEduvigerina plummerae Cushman

Bulimlna reussi Morrov

jJleobulimina canadensis Cushman &
Wickenden

leoBulimina Irregularis Cushman &Parker R T
Virgulina tegulata Reuss
Virgulina sd, #1 Cc Q R R

Loxostoma clavatum (Cushman)
Loxostoma eushmani Wickenden R R R RRR R

rPleuroilTomella austinana Cusnman
Nodosarella gracillima Cushman

Valvulineria plummerae Loetterle A RR T
Gvroidina depressa (Alth)
W -Troidina nitida (Reuss) C R
éGlobigerina cretacea d"Orbigny CA

I =0 4% ok
O ™I

o
T H 1O

Py
—
-

-

A cCC AcCc A

Globigerinella aspera (Ehrenberg) R R C C ACc cc C

jJlastigerin_ella simplex Morrov
Schackoina trituberculata Morrov

Globotruncana canaliculata (Reuss) T

O
- 0 X0 > 0 -
>

Globotnmcana mareinata (Reuss) T R
Globorotalites micheliniana dOrbignv
Globorotalites umbilicata (Loetterle) AC C

Anomalina henbesti Plummer ¢ R
Plaimlina kansasensis Morrov AA C

—
O-—4 0 1’ -
)

-

R Tc T T R

QSTRACODA

Cyther*ella bullata Alexander T
Brachvcvthere sphenoides (Reuss) R
Cythereis coryelli1 Loetterle T
Cythereis foersteriana (Bosquet) T T

Cythereis Giobrarensis Morrov RT R R
Cvthereis sufcsraclllis Morrow R T

Pu)
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11»
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Table 1 (continued)

LEGEND

Explanation of Letters

A - Abundant
C - Common

R - Rare

T - Trace

Explanation of numbers.

Fort Hays Member from Spirit Mound

Fort Hays Member from Cedar Co., Nebraska
Fort Hays Member at Sec. 8, Clay Co.

Fort Hays Member at Fort Randall Dam

Smoky Hill Member from "Old Cement Plant™
Smoky Hill Member from Sec* 22, Yankton Co,
Smoky Hill Member from Cedar Co., Nebraska
Smoky Hill Member from Sec. 36, Brule Co.
Smoky Hill Member from Sec. 17, Lyman Co.
Smoky Hill Member from Sec. 15, Brule Co.
Smoky Hill Member from Sec. 29, Brule Co.
Smoky Hill Member from Fort Randall Dam
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Plates 1 through 5



Figure 1o

2,

4*

0«
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11*

120

13*

14+#

Plate 1

Spiroplectamrnim semicomplanata (Carsey) (- 17)
Fort Hays member* Spirit Mound, Clay Co,,,
S,,D. X 105

Gaudryina (Siphogaudrvina) austinana Cushman
r (p, 18) Fort Hays member, Cedar (o.*, Nebraska»
X 110

Gaudryina (Pseudogaudryina) nebrascensis Loetterle
(p,, 18Y 'Fort Hays merber-, Spirit-Mound, Clay
Co*, S.Do a. front view, b, side view» X 55

Dorothia cf« D* filiformis (Berthelin) (x 19)
Fort Hays member, Cedar (o»,, Nebraska» a. front
view, bo side viewa X 50

Dorothia pupoides (d’Qrbi(];ny) (pD 20) Fort Hays
member, Spirit Mound, Clay COo, S*Do a« front
view, bo side view* X 70

Robulus munsteri (Roemer) (x 21) Fort Hays member?
Fort Randall Dam Site, S»D,, a, sMe-Tiew,
b» apertural view» X 55

Robulus navarroensis (Plumer) (p0 21). Fort Hays
member, Fort Randall Dam Site, S,D,, a. side
view, b,, apertural vievs,. X 70

Lenticulina cf« L« sublaevis Morrow (p« 23) Fort
Hays member, Fort Randall Dam Site, &X,Do a,
side view, bo apertural view. X 45

Planularia umbonata Loetterle (p. 23) Fort Hays
member, Spirit Mound, Clay Co,,?. S»DP ax side
viewa bo apertural views X 100

Planularia spa#1 go 24) Fort Hays member, Spirit
Mound, Clay (o.,™ SoD,, a, side view, I aper-
tural view, X 130

Marginulina bullata Reuss (p= 25) Fort Hays member,
Spirit Mound, Clay Co,,s S,Do aw side view,
bo apertural view~ X 110

Marginulina sp# #1 (p,, 25) Fort Hays member,
Spirit Momid, Clay Co0, S« aa side view#
ba apertural view, X 50

Dentalina aculeata d<Orbigny (p, 26) Fort Hays
member, Cedar Co,,, Nebraska,, X 110

Dentalina cf. D. grantl Plummer (p,, 26) Fort Hays
member, Spirit Mound, Clay Go*, S(D, 50
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Figure 1, Dentalina lorneiana d"Orbigny (p, 27) Fort Hays
member, Spirit Mound, C ay Co,, S.D, X 50

2° Dentalina niobrarensis Loetterle (80 28) Fort Hays
member, Spirit Mound* Clay S.D» <X 80

3« Dentalina reflexa Morrow (p, 28) Fort Hays member,
Fort Randall Dam Site, S5« X 50

4 5. Nodosaria zippei Reuss (p,, 29) Fort Hays member,
Spirit Mound, Clay Co., 3)’\

40 Mlcrospherlc form X 37»5
50 Megalospheric form« x 80

6? Nodosaria sp« #1 (p3 30) Fort Hays member, Fort
Randall Dam Site, .00 X 110

7. Saracenaria triangularis (d*Orbigny) (p, 30) Fort
Hays member, Spirit Mound* Clay Co,,, S*D,,
a, side view, h- .“pertural view. X 45

8 Vaginulina texana Cushman (pQ 31) Fort Hays
member, Spirit Mound, Clay CoP, S,D, X 55

t. 9 Palmula suturalls Cushman (p0 32) Fort Hays
member, Spirit Mound, S,,DO X 35

10» Frondicularia extensa Morrow (p, 32) Fort Hays
member, Spirit Mound, Clay Co*, S,,Dn X 48

11» Frondicularia undulosa Cushman (p» 33) Fort Hays
member, Fort Randall Dam Site, S¢b» X 50

12« Kyphopyxa christneri (Carsey) @., 34) Fort
Klys member. Fort Randall Dam Site, S(I3§ X 45

130 Globulina lacrima var» subsphaerica (Berthelin)
(pB 35)Fort Hays member, Spirit Mound, Clay
Co»,. S.D, X 110

14» Ramilina aff» Ro aculeata (d!Orbigny Cz) (< 36 Forl:
Hays member, Spirit Mound, Clay N S*D

150 Bullopora sollasi (Chkpman) (pb 36) Fort Hays
member, Spirit Mouhd, Clay Co,,, S.,.D»» X 20

16 o Gumbelina globulosa (Ehrenberg) (@ 37) Smoky Hill
member, Quarry of Old Cement Plant, Yankton
Countyf Sa X 130

170 Gumbelina mo.remani Cushman (PO 38) Smoky Hill
member, Fort Randall Dam Slte S.D. a front
view, bo side wview,, X 110

18 0 Gumbelina plummerae Loetterle (pO 39) Smoky Hill
member, Quarry of Old Cement Plant, Yankton
COe, Sopo X 140

190 Gumbelina pseudotesserfc Cushman (p* 40) Fort
Hays membeF7~CedarCoo, Nebraskao X 125



Elate [

1* Yentilabrella austinana Cushman (p« 40) Fort Hays
member, Spirit Mound, Clay Co.} S.D. X 110

2* Bolivinitella eleyi {Cushman) (@~ 4) Fort Hays
member, Spirit Mound, Clay Co», S,D.;¢ a» front
view, b. side view* X 105

3. Eouvigerina aculeata Cushman (p* 42) Fort Hays
member. Fort Randall Dam Site, S*Da a, front
view, bo side view, X 115

4> Eouvigerina piummieraf* Cushman (pa 43) Fort Hays
member, Seco 8, T,, 93 N,,, R. 52 W., Clay Co.,
S.D. a, front view, b, side view, X 110

5- Bulimina reussi Morrow (p. 43 Fort Hays member,
Spirit Mound, Clay Co.* S.D,, 115

6. Neobul inrlna canadensis Cushman & Wickenden (p, 44)
Fort Hays member. Fort Randall Dam Site, S.D,,
X 125

7r Neobulimina cf. N, irregularis Cushman & Parker-
(p- 45 Smoky Hill member, Sec- 36, T. 105 No,
R. 71 W,, Brule Co., S.D. X 120

8. Virgulina te®ulata Reuss (p. 46) Fort Hays member,
pirit Mound, Clay Co,, S, D, X 130

9 Virgulina sp, #1 (x 4? Fort Hays member Cedar
Co., Nebraska. ront viewy b, side view*

X 110
10» Loxostoma clavatum (Cushman) 47% Smoky Hill
member, Quarry of Old Cement Plant, Yankton

Co., SD a. front view, b. side view. . X 120

11. Loxostoma cushmani Wickenden (p,, 48) Smoky Hill
member, Quarry of Old Cement Plant, Yankton
Co., S.D. X 100

12, Pleurostomella austinana Cushman (.. 49) Fort Hays
member, Spirit Mound, Clay Co,, S.D. X 60

13* Nodosarella graelllima Cushman (p. 50) Fort Hays
member, Fort Randall Dam Site, S™D,, X 100

14 . Valwulineria plumerae Loetterle (p. 51) Fort Hays
member, Spirit Mound, Clay Co., S.D. a. dorsal
view, b. peripheral view, c, ventral view. X3l

15» Gyroldina depressa (Alth) (p, S2) Fort Hays member
Fort Randall Dam Site, SD-. a« dorsal view,
b. peripheral view, c. ventral view, X 130’

16, Gyroidina nitida (Reuss) (pa 53) Fort Hays member,
Fort Randall Dam Site, S.D, a» dorsal view,
b, peripheral view, c. ventral view. X 100
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Plate 4



Plate

Figure 1. Globigerina cretacea d*Orbigny- (p,, 54 Fort Hays
member, Fort Randall Dam Site,” OWW*. ma. dorsal
view, bo ventral view- X 45

2, <lobig.erinella aspera (Ehrenberg) (p,, 55) Smoky
Hill nertftter, Quarry of Old Cement Plant, Yankton
Oo»,OS-Do a. side view, b. peripheral viewa
X 11

3- Hastigerinella simplex Morrow (p,, 55) Fort Hays
member, Fort Randall Dam Site, S.D, a, side
view, b« peripheral view. X 100

4= Schackoina trituberculata (Morrow) (p,, 56) Fort
Hays member, Fort Randall Dam Site, S.D» X 100

5% GHlobotruncana canaliculata. (Reuss) (p« 57) Fort
Hays.marbrts*~, CedfiT™ Co,,* Nebraska. a,, dorsal
view., ;ba ventral view0 X 50

6* Globotruncana margjnata (Reuss®) (pO 58) Fort
Hays member-, Sec« 8, T™» 93 N., R. 52 ¥0, Clay
Co», S,,D4 a,, dorsal view, bO peripheral view,
o ventral view, X 100

7. Globorotalites micheliniana (d>Orbigny) (p- 59)
Fort- Hays member, Fort Randall Dam Slte S.DO
a? dorsal view, b, peripheral view, c. ven-
tral view. X 110

8* Globorotalites umbilicata (Loetterle) (p, 60) Fort
prewber, Spirit Mound-, Play ,.,- S, DO
a0 dorsal view, b« perlpheral view, CI ven-

tral view* X 100

9. Anomalina henbesti Plummer (p« 61) Fort Hays
" member,- Spirit Mound, Clay CoS.D, a. dorsal
V|eV\6£ b9 perlpheral view, ca ventral view«

X1

10. Planulina kansasensis Morrow (pe 62) Fort Hays
member, Spirit Mound, Clay Co,,, S@. &, dorsal
view, bo peripheral view, c4 ventral viewO
X 100



Plate 5

Cytherella bullata Alexander (pP 63) Fort Hays
member. Spirit Mound, Clay Cofl, S{D,, a? side

view of right valve, b. ventral view of right
valveo X 45

Brachygythere sphenoides (Reuss) (p« 64) Fort
Hays member. Spirit Mound, Clay COo, SMD?
a, side view of right valve, bO dorsal viev,
X 40

Sytfaerels corvelli Loetterle (p. 65) Fort Hays
member, Fort Randall Dam Site, S&B° side

View of right valve» b« dorsal view of right
valveo X 55

Cythereis foersteriana (Bosquet) (p* 65) Fort
Hays member, Spirit Mound, Clay Co,,, S«
ao side view of left valve, b? dorsal view
of left valve* X 55

Cythereis niobrarensis Morrow (pc 66) Fort Hays
member, Spirit Mound, Clay Co», SoD» a» side
view of left valve, b4 dorsal view» X 50

Cythereis subgracillls Morrow (pO 67) “ory Hays
member, Spirit Moyna, Glay Co*, S, Dt a« side
vJqv gf right v$lve, b? dorsal vi$wO X 50
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