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ABSTRACT

The Niobrara Formation at Pueblo, Colorado is approx

imately 7̂ -0 feet (226m) thick and is subdivided into two 
members, the Fort Hays Limestone Member and the Smoky Hill 

Shale Member. Megafossil interpretations indicate that 
Niobrara deposition began during the late Turonian Stage and 

continued into the early Campanian Stage (Scott and Cobban, 
1964). Study of planktonic foraminifers tentatively sug

gests a somewhat younger age range of Coniacian to early 
Maestrichtian for the Niobrara (Frerichs, 1973^ personal 
communication).

Twenty species of benthonic foraminifers representing 
thirteen genera were found. The most abundant and varied 
benthonic population is present in the Fort Hays Limestone 
Member and the lowermost Smoky Hill Shale Member. Noticeably 
absent at Pueblo are the more fragile Nodosariinae and some 
of the arenaceous species reported in previous investigations 

of the Niobrara Formation.

Two biostratigraphic zones were recognized in the 

Niobrara Formation at Pueblo. These were informally termed 

the Globorotalites subconicus assemblage zone and the

iii



T-1527

Gavelinella talaria assemblage zone modifying slightly the 

names for a very similar distribution reported from the 
Niobrara-equivalent portion of the Mancos Shale in north
western Colorado. The Globorotalites subconicus assemblage 
zone has a benthonic microfauna similar to that reported from 
the Fort Hays Limestone Member of the Niobrara Formation in 
parts of Wyoming, South Dakota, Nebraska, and Kansas. More 
exact description of stratigraphic position and relative 

abundance of the microfauna present in these areas is neces

sary before the geographic continuity of the Globorotalites 

subconicus assemblage zone can be established. The paucity 

of benthonic species present in the Gavelinella talaria 
assemblage zone at Pueblo prevented attempts at geographic 
extension of this zone into areas outside of Colorado.

Based on analogy with modern benthonic homeomorphs, 

maximum depth of the Niobrara sea at Pueblo was probably at
tained during deposition of the lowermost Smoky Hill Shale 
Member. Water depths of 300 to 400 meters, typical of depths 
found over parts of the modern upper continental slopes, are 
postulated.

Foraminiferal numbers indicate that the Fort Hays Lime
stone was deposited slowly when compared with the Smoky Hill 

Shale Member. Either this more rapid deposition rate or the

iv
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presence of a very soft substrate may have resulted in a 

hostile environment during the time of deposition of the 

Smoky Hill and limited the proliferation of a benthonic 
population.
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INTRODUCTION

Purpose and Scope

The purpose of this study is to report on the micro
paleontology of the Niobrara Formation at Pueblo, Colorado, 
in order to determine whether the results confirm previously 
established foraminiferal zonations of the Niobrara Formation 
in adjacent areas and to place more precise stratigraphic 
boundaries on these zones. Only the benthonic foraminifers 
are considered in this study as the planktonic forms from 
the same locale are currently being evaluated by Dr. W. E. 
Frerichs of the University of Wyoming. Planktonic to ben
thonic ratios and foraminiferal numbers have been established 
in order to provide additional data for estimation of the 

water depths and rates of sedimentation under which the 
Niobrara Formation was deposited at this locale.

Geologic Setting

The Niobrara Formation of southeastern Colorado was de

posited in the central basin carbonate belt of the Cretaceous 
western interior sea of North America. It is also present 

in other areas of Colorado, New Mexico, Wyoming, Montana,



T-1527 2

North Dakota, South Dakota, Nebraska, and Kansas.

Kauffman (1969) reports that the Fort Hays Limestone 
Member of the Niobrara Formation was deposited during the 

transgressive phase of the Niobrara marine cycle and that 

the Smoky Hill Shale Member was deposited during the early 

part of the regressive phase of this same cycle.
Scott and Cobban (1964) have reported that, based on 

megafaunal evidence, the Niobrara Formation at Pueblo, 
Colorado ranges in age from Upper Turonian through Lower 

Campanian. Frerichs (personal communication, 1973)* however, 
has tentatively concluded that foraminiferal evidence indi
cates a slightly younger age of Coniacian to early Maes- 
trichtian for the Niobrara Formation (Table 1).

The Niobrara Formation of southeastern Colorado is 
approximately the same age as strata of the same formation 
in Nebraska, Kansas, and adjacent states. It is the strati
graphic equivalent of the lower part of the Mancos Shale in 
east-central Utah and northwestern Colorado, the upper part 

of the Frontier Formation and the Cody Shale in the Wind 

River Basin of Wyoming, and part of the Marias River Shale, 
Telegraph Creek Formation, and the Virgelle Sandstone of the 

Sweetgrass arch area in Montana (Table I).
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In the area of Pueblo, Colorado the Niobrara Formation 

is approximately 740 feet (226 m) thick and has gentle dips 
of less than 10 degrees to the east. In the immediate area 
of study the Niobrara Formation conformably overlies the un

named shale member of the Carlile Shale (Krutak, 1970) al
though Scott and Cobban (1964) report that in the area the 

Niobrara Formation disconformably overlies the Juana Lopez 
Member of the Carlile Shale and has a transitional contact 
with the overlying Pierre Shale.

Study Area Location

During July of 1972 the author, assisted by Logan 
MacMillan,, measured the limestone and chalk portions of the 
Niobrara Formation at Pueblo, Colorado and collected samples 
for a micropaleontological study. All sample locations are 
situated within the northwest Pueblo quadrangle on the Mis
cellaneous Geologic Investigations Map 1-408 of the United 
States Geological Survey (Scotty 1964). Specifically, 

sample locations are the SE SW SW, Sec. 10; SW SE NE, Sec.

32; S i NW NW, Sec. 33; SW NE NW, Sec. 33; and the NW SW NW, 
Sec. 36 all within T. 20 S . R. 65 W., Pueblo County, Colorado 

(fig- !)•
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Previous Work

Earliest work on the Niobrara Formation was done in 
northeastern Kansas at the mouth of the Niobrara River where 
the formation was named by Meek and Hayden in l86l. However, 

in 1893 Stanton studied the invertebrate fauna of the Colo
rado Group near Carlile Spring which is 15 miles (24 km) west 

of Pueblo, Colorado. The Niobrara Formation is in the upper 
part of the Colorado Group. The small Inoceramus labiatus 

(Schlotheim) was reported at the base of the Fort Hays 
Limestone Member.

Gilbert (1896) subdivided what he termed the Niobrara 
Group into a lower unit,, the Timpas Formation, and an upper 
unit, the Apishapa Formation. Patton (1923) described the 
lower boundary of the Timpas Formation as being gradational 
with the upper boundary of the Carlile Shale. In 1924 he 
subdivided the Timpas Formation and the Apishapa Formation 
into four informal subunits each.

Katherine Carman (1929) described the foraminifers 
from the Benton and Niobrara Formations on the east flank 

of the Centennial syncline near the town of Centennial, 
Wyoming.

Johnson (1930), working in the Pueblo quadrangle at
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Wild Horse Park, Colorado, described an unconformity at the 

base of the Niobrara Formation and suggested that the lower 
limestone beds of the Niobrara Formation are not the same 
age everywhere.

Applin (1933) described cuttings from two wells in the 
western-central part of South Dakota. She identified the 
foraminifers present and found Globigerina cretacea d ’Orbigny 
and Gumbelina globulosa (Ehrenberg) present in the Niobrara 

Formation. Morrow (193^) examined the foraminifers and 

ostracods of the Colorado Group in Kansas. He described 37 
species of foraminifers and 7 species of ostracod. Of the 

23 genera represented, 20 were foraminifers. Most of the 
species were restricted to the middle Greenhorn and basal 

Niobrara horizons.
Loetterle (1937) described 63 species of foraminifers 

from the Niobrara Formation in Kansas, Nebraska, and South 
Dakota and found that assemblage ranges corresponded with 
lithology. He also found that he could distinguish the 
chalky basal Pierre Shale from the uppermost Niobrara 
Formation by the larger percentage of arenaceous forms 
present in the Pierre Shale.

Dane, Pierce, and Reeside (1937) did a reconnaissance 

survey of the Upper Cretaceous strata north of the Arkansas
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River in eastern Colorado. They chose to extend the names 

Fort Hays Limestone Member and Smoky Hill Shale Member of the 
Niobrara Formation of Kansas westward into eastern Colorado,, 
thus replacing the terms Timpas and Apishapa.

Cushman (19̂ -6) prepared a comprehensive report on the 
Upper Cretaceous foraminifers of the Gulf Coast and adjacent 
areas. Many of the species he described are also found in 
the western interior of the United States.

Bates ( 1 9 ^ - 8 Berry (1951)* and Fischer (1953)* in un
published theses,, described the foraminifers of the Niobrara 
Formation in eastern and central Colorado.

Bolin (1952) reported on the microfossils of the Nio

brara Formation in southeastern South Dakota^and Shaw (1953) 

prepared a preliminary survey of the foraminifers from the 
lower shale of the Niobrara Formation in the Laramie Basin 

of Wyoming.
Frizzell (195̂ -) presented a comprehensive listing of 

the Cretaceous foraminifers of Texas,, and Fox (195^) des
cribed the foraminifers from the Greenhorn _, Carlile3 and 
Cody Formations of South Dakota and Wyoming and discussed 
variations in faunal composition across the western interior 
as evidence of changing ecological conditions.

LeRoy and Schieltz (1958) studied the Niobrara-Pierre
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contact near Canon City,, Colorado and from foraminiferal 

evidence concluded that at this locale the contact was proba

bly conformable while to the north the same contact repre
sented an unconformity.

More recently Tappan (1962) described the Cretaceous 
foraminifers from the Arctic slope of Alaska., and Kent (1967 
and 1968) described the foraminifers and biostratigraphy of 
the Niobrara-equivalent portion of the Mancos Shale in 
northwestern Colorado.

Scott and Cobban (1964) did a detailed stratigraphic 
study of the Niobrara Formation at Pueblo,, Colorado and in
cluded local range and assemblage zones for the megafossils 

which they collected.
Strong (1972) prepared a brief resume of the foramini

fers which he collected from the Colorado Group in west- 

central Montana.
At the time of this writing^ ¥. E. Frerichs of the 

University of Wyoming is preparing a paper reporting the 

results of a study of the planktonic foraminifers of the 
Niobrara Formation at Pueblo,, Colorado.
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GENERAL STRATIGRAPHY

The Niobrara Formation at Pueblo, Colorado has been 

subdivided into two members. The lower Fort Hays Limestone 

Member is approximately 44 feet (13-4 m) thick. The upper 

Smoky Hill Shale Member is approximately 700 feet (213 m) 
thick. Scott and Cobban (1964) have further subdivided the 

Smoky Hill Shale Member into seven informal units. These 
are, from oldest to youngest, the shale and limestone unit, 

the lower shale unit* the lower limestone unit, the middle 
shale unit, the middle chalk unit, the upper shale unit, and 
the upper chalk unit. The terminology of Scott and Cobban 
is followed in this paper (see figs. 2 and 3).

The Fort Hays Limestone Member is composed of light 
gray, massive, burrowed, molluscan, foraminiferal micrites 

interbedded with thin, dark gray, calcareous shales. The 
micrite beds are from 4 inches (10 cm) to 3 feet (1 m) thick. 

The calcareous shales are from \ inch (1 cm) to 4 inches 

(10 cm) thick. Occasional -^-inch (0.5-cm) or thinner orange 

bentonite beds are found in the calcareous shales. Only 

minor amounts of pyrite and limonite were noticed in the 

micrites. Less than 1 percent detrital material was found 
in the micrites.
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FIGURE 2
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FIGURE 3

STRATIGRAPHIC  POSITION OF SAMPLED INTERVALS
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A shallow channel., approximately 15 feet (4.5 m) wide., 

was found about 3 feet (1 m) above the base of the Fort Hays 
Limestone Member in the section studied.

The shale and limestone unit of the Smoky Hill Shale 
Member is very similar to the Fort Hays Limestone Member and 
represents a transition between the micrites at the base of 

the Niobrara Formation and the calcareous shales in the 
middle and upper portions of the formation. It differs only

f

in the thickness of the shale beds present and the percentage 
of the unit which they constitute. Here the individual 
shales are up to 3 feet (1 m) thick., and the micrites are 
generally less than 18 inches (0.5 m) thick. The top of the 
unit is placed at the top of the highest micrite in this part 

of the section.
The lower shale unit of the Smoky Hill Shale Member is 

a medium gray to yellowish-brown,, slightly fissile to platy* 
calcareous shale containing some 2- to 3-inch (1 cm to 1.5 cm) 
thick yellowish-orange bentonite beds and minor gypsum 
stringers. The unit weathers to a medium brownish-gray and 
is moderately soft. It commonly forms slopes beneath the 

overlying lower limestone unit. The top of the unit is 
placed at a color change from medium gray to light buff-gray



T-1527 15

■ —

Figure 4 - Parallel bedded micrites of the Fort Hays Lime
stone Member (Knf) exposed in quarry wall and overlain by the 
shale and limestone unit,, Smoky Hill Shale Member (Kssl).
SW SE NE Section 32, T. 20 S., R. 65 W.

Figure 5 - Exposure of the shale and limestone unit, Smoky 
Hill Shale Member along north bank of the Arkansas River. 
The Jacobs staff is 5 feet (1.53 m) long. SW SE NE Section 
32, T. 20 S., R. 65 W.
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slightly above the base of a cliff which is capped by the 

lower limestone unit.
The lower limestone unit of the Smoky Hill Shale Member 

is a medium gray to light gray, fine-grained, platy, very 
argillaceous limestone. It weathers light buff-gray and is 
fairly resistant. It forms a small cliff in the area studied 
and the top of the unit is placed at the break in slope at 
the top of this cliff.

The middle shale unit of the Smoky Hill Shale Member

was not studied in detail. However, it is generally a

medium gray to brownish-gray, platy, calcareous shale. It is 
soft and forms a valley between the more resistant lower 
limestone unit and middle chalk unit. Scott and Cobban (1964) 
reported two concretionary subunits in the upper half of the 

middle shale unit and a sandy subunit in the lower half.
The middle chalk unit of the Smoky Hill Shale Member is

a light gray, platy, moderately resistant chalk. It weathers 
to a very light gray and forms very low and broad hogbacks.
An iron oxide concretion zone approximately 3 feet (1 m) 
thick occurs about 10 feet (3m) above the base of the unit 

where studied. The base and top of the unit were mapped 

primarily on color changes between the very light gray mid

dle chalk and the medium gray, less resistant middle and
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Figure 6 - Cliff formed by lower limestone unit, Smoky Hill 
Shale Member (Ksll) capping slope formed by lower shale 
(Ksls) and shale and limestone (Kssl) units, Smoky Hill 
Shale Member. NW NW Section 33^ T. 20 S., R. 65 W.

Figure 7 - Ridge formed by middle chalk unit, Smoky Hill 
Shale Member (Ksmc) standing above valley formed by middle 
shale unit,, Smoky Hill Shale Member (Ksms). SE SW SW 
Section 10, T. 20 S., R. 65 W.
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upper shales.

The upper shale unit of the Smoky Hill Shale Member was 
not studied in detail. In general it is a medium gray to 

yellowish-brown* slightly fissile* moderately soft* calcar
eous shale. It weathers grayish-brown and forms a broad 
valley between the more resistant middle chalk and upper 
chalk units. Scott and Cobban (1964) reported a concretion
ary subunit near the middle of the unit and numerous thin 
bentonite beds scattered throughout the unit.

The upper chalk unit of the Smoky Hill Shale Member is 

a dark gray to black* platy* moderately resistant chalk. It 
weathers to a yellowish-brown and forms a low hogback. The 

base and top of this unit are placed at the breaks in slope 

at the top of the hogback which this unit caps.
A detailed measured section of the Niobrara Formation 

giving unit thicknesses and sampled intervals is given in 
Appendix I .
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Figure 8 - Hogback capped by upper chalk unit, 
Smoky Hill Shale Member (Ksuc). Uppermost part 
of upper shale unit, Smoky Hill Shale Member 
(Ksus) forms slope. NW SW NW Section 23j?
T. 20 S., R. 65 W.
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STUDY METHODS

Field Procedure

Two methods of section measurement were used. The 
massive micrite beds and interbedded calcareous shales and 

micrites of the Fort Hays Limestone Member and the shale and 
limestone unit of the Smoky Hill Shale Member were well ex
posed in a nearly vertical quarry wall and were measured 
directly using a 50-foot (15-m) tape. The softer calcareous 
shale and chalk units of the Smoky Hill Shale Member were 
measured using a Brunton compass and a 5-foot (1.5-m) Jacobs 
staff.

Samples were collected from the thin calcareous shales 

interbedded with the massive micrites of the Fort Hays Lime
stone Member. The thicker calcareous shales of the shale and 

limestone unit of the Smoky Hill Shale Member were collected 
by channel sampling rather than by grab sampling to assure 
a more representative sample. No attempt to sample the 

micrites for foraminifers was made because it is doubtful 
that the rock could be broken down effectively.

The calcareous shales and chalks of the Smoky Hill 

Shale Member were collected in 10-foot (3-m) stratigraphic
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intervals although the stratigraphically highest interval in 

each unit may be less than 10 feet (3m) in order to have a 

new interval begin at the base of the overlying unit. A 
shallow trench was dug throughout each interval and samples 
taken at distances of no more than 6 inches (15 cm) apart in 
order to assure a representative sample. In most cases the 
trench had to be no more than 6 inches (15 cm) deep in order 
to obtain fresh material.

Laboratory Procedure

Fifty grams of each sample were ground with a mortar 
and pestle until a maximum particle diameter of approximately 

1/8 inch (3*2 mm) was obtained. This material was then 
placed in a blender with water and a small amount of indus

trial solvent (Quaternary-0). Five minutes of mixing was 

sufficient to break down the material. The resulting slurry 

was washed through a 200-mesh screen to remove the clay-size 
fraction and was then dried and placed in containers. The 

residues from the 50-gram samples were split into smaller 
fractions of known size in order to allow picking of a 

reasonable number of specimens and still include all identi
fiable material. Between 200 and 3000 specimens per sample



T-1527 22

were picked using this technique and it is felt that a repre

sentative population was thus obtained. All numbers of 

specimens were then converted to the number expected in a 

full 50-gram sample before being included in this paper. To 
facilitate picking,, samples were also sorted into four size- 
fractions after splitting. Screens of 60-, 100-,, and 150- 
mesh were used.

Picking and identification were done using a binocular 
microscope of continuous magnification from 10X to 140X.
When necessary,, specimens were placed in xylol and examined 
in transmitted light in order to better observe chamber 
arrangements.

Attempts to break down the shales by boiling in a strong 

solution of sodium hydroxide for 1 to 3 hours proved no more 

effective and more time consuming than the blender method 
and hence the technique was abandoned. It was also found 

that placing the material in an ultra-sonic bath for up to 2 

hours in order to further clean it after the blending proc

ess did little to remove any material still coating the 

specimens. It was decided that this process also might 
damage or destroy any arenaceous forms present and therefore 
it also was abandoned.
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MICROFAUNAL DISTRIBUTION

The greatest benthonic population,, both in terms of 
specimen abundance and number of species present,, occurs in 

the shale and limestone unit of the Smoky Hill Shale Member 
which lies stratigraphically between 44 feet (13.4 m) and 62 
feet (19.3 m) above the base of the Niobrara Formation. The 
Fort Hays Limestone Member^ from 0 feet (0 m) to 44 feet 
(13.4 m) above the base of the Niobrara Formation,, contains 
a slightly less abundant and less varied benthonic population 
than the shale and limestone unit.

The upper portion of the Smoky Hill Shale Member5 from 

62 feet (19.3 m) to 740 feet (226 m)5 contains a much sparser 

and less varied benthonic assemblage than the Fort Hays Lime

stone Member and the lowermost Smoky Hill Shale Member. Here 
the benthonic population is restricted to only a few species 
present in the lower shale, lower limestone9 middle chalky 
and upper chalk units. Spot checks of several samples from 

the middle shale and upper shale units yielded no benthonic 

specimens and as a result these units were not studied in 

detail.
Planktonic specimens, primarily representing the genera
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Heterohelix, Hedbergella, and Globotruncana, are common 

throughout the Niobrara Formation and greatly outnumber 
benthonic specimens in all samples.

The stratigraphic distributions and relative abundances 
of significant benthonic species are shown in figures 9 and 
10. Relative abundance is based on the number of specimens 

of a species expected in a standard-s'ize sample of rock 
weighing 1 gram before preparation. Since varying fractions 
of the 50-gram samples were examined,, the number of indi
viduals of a species recovered was converted to the number 
expected to be present in 1 gram of sediment. Relative a- 
bundance was based on the following limits.
Present - less than 20 individuals 
Rare - 20 to 50 individuals
Common - 50 to 100 individuals
Abundant - more than 100 individuals

Planktonic to benthonic ratios and foraminiferal numbers 

are listed in Table II and are discussed in the section on 
paleoenvironments. Again,, the numbers listed in this table 

are based on the population recovered from a fraction of a
50-gram sediment sample and converted to the number expected
in 1 gram of sediment.

The following faunal lists indicate the benthonic 

species recovered from each of the eight subdivisions of the
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Niobrara Formation.

Upper Chalk Unit, Smoky Hill Shale Member - 731' (223 m) to 
740* (226 m) above base of Niobrara Formation

Valvulinaria plummerae Loetterle 
Gavelinella talaria (Nauss)

Upper Shale Unit, Smoky Hill Shale Member - 472* (144 m) to 
731* (223 m) above base of Niobrara Formation

No benthonic specimens recovered

Middle Chalk Unit, Smoky Hill Shale Member - 442' (135 m) to
472’ (144 m) above base of Niobrara Formation

Valvulinaria plummerae Loetterle
Gyroidinoides nitidus (Reuss) - questionable occurrence 
Gavelinella talaria (Nauss)

Middle Shale Unit, Smoky Hill Shale Member - 159' (48.5 m) to
442' (135 m) above base of Niobrara Formation

No benthonic specimens recovered

Lower Limestone Unit, Smoky Hill Shale Member - 1211 (37 m) 
to 159' (48.5 ni) above base of Niobrara Formation

Nodosaria sp.
Fraebulimina prolixa (Cushman and Parker)
Valvulinaria plummerae Loetterle 
Cassidella tegulata (Reuss)
Gavelinella talaria (Nauss)

Lower Shale Unit, Smoky Hill Shale Member - 62’ (19.3 m)to 
121’ (37 m) above base of Niobrara Formation

Spiroplectammina spp.
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Praebulimina prolixa (Cushman and Parker)
Valvulinaria plummerae Loetterle 
Cassidella tegulata (Reuss)
Gavelinella kansasensis (Morrow) - questionable occurrence 
G. talaria (Nauss)

Shale and Limestone Unit5 Smoky Hill Shale Member - 44'
(13 .4 m) to 62’ (19.3 ni) above base of Niobrara Formation

Spiroplectammina spp.
Lenticulina sp.
Praebulimina ovulum (Reuss)
Valvulinaria plummerae Loetterle 
Bifarina geneae (Morrow)
B. hispidula (Cushman)
Pleurostomella austiniana Cushman?
Cassidella tegulata (Reuss)
Gyroidina? aff. G.? depressa (Alth)
G.? lenticula (Reuss)
Globorotalites elkensis Kent 
G. subconicus (Morrow)
G. umbilicatus (Loetterle)
Gyroidinoides nitidus (Reuss)
Gavelinella kansasensis (Morrow)
G. talaria (Nauss)

Fort Hays Limestone Member - O ’ (0 m) to 44’ (13.4 m) above 
base of Niobrara Formation

Lenticulina sp.
Neobulimina canadensis Cushman and Wickenden 
• N. irregularis Cushman and Parker 
Praebulimina ovulum (Reuss)
P. prolixa (Cushman and Parker)
Valvulinaria plummerae Loetterle 
Bifarina geneae (Morrow)
B. hispidula (Cushman)
Cassidella tegulata (Reuss)
Globorotalites elkensis Kent 
G. subconicus (Morrow)
G. umbilicatus (Loetterle)
Gavelinella kansasensis (Morrow)
G. talaria (Nauss)
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FIGURE 9
STRATIGRAPHIC RANGES OF SIGNIFICANT 

BENTHONIC FOR AM I NI PER I DA
Smoky Hil! Member, N i o b r G r a  Formation
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FIGURE 10
STRATIGRAPHIC RANGES OF SIGNIFICANT 

BENTHONIC FORAMI N I FER I DA
Fort Hays and lower Smoky Hill Members, Niobrara Formation
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TABLE II

Planktonic to Benthonic Ratios and Foraminiferal Numbers 
for the Niobrara Formation at Pueblo,, Colorado

Smoky Hill Member Fort Hays Member

Unit Sample P/B
Foram.
No.

Ksuc B-100 15 973
Ksus B-99 00 835
Ksmc B-82 350 7178

B-81 178 2744
b-8o 16968

Ksms B-61 co 5570
B-6o 00 3743

Ksll B-59 114 3528
B-58 11 2826
B-57 84 1084
B-56 59 611

Ksls B-54
&5 5 27 770

B-52
&53 10 282

B-51 74 768
B-50 16 947
B-49 21 320
B-48 24 579

Kssl B-47 23 29143
B-45 19 14152
B-43 23 9452
B-4i 12 3755
B-39 5.3 9810

Unit Sample P/B
-------------  . . .

Foram.
No.

Knf B-38 18 3000
B-36 7.3 7393
B-33 2.8 5414
B-30 17 568
B-27 9.2 3661
B-24 5.1 2462
B-21 6.4 532
B-l8 54 7283
B-15 6.7 315
B-12 6.9 773
B-9 6.3 5704
b-6 3.3 1715
B-3 5.^ 1961

P/B - Ratio of number of
planktonic specimens 
to number of benthonic 
specimens

Foraminiferal Number -
number of specimens 
per gram of sediment 
(this number is a 
minimum dependent upon 
the completeness of 
picking)
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RELATION TO PREVIOUS WORK

The results of this study compare favorably with pub
lished studies of the Niobrara Formation microfauna in Kansas 

Nebraska,, South Dakota,, and Wyoming by Morrow (193̂ )j> 
Loetterle (1937)* Bolin (1952)„ and Shaw (1953)* Unpublished 
theses by Bates (19^8) and Berry (1951) also show similar 
microfaunal distributions for the Niobrara Formation in east

ern Colorado. Kent (1967) reported similar assemblages from 
the Niobrara-equivalent portion of the Mancos Shale in north
western Colorado.

All of the species found at Pueblo^ Colorado were re
ported as present in one or more of the aforementioned 

studies. The Pueblo fauna is not as diverse as the faunas 
described from these studies however. Noticeably lacking 
are the arenaceous forms and the more delicate Nodosariinae. 
The poor state of preservation of the Pueblo fauna probably 
accounts for this. The few Nodosariinae recovered were 
fragmented and the arenaceous forms were extremely difficult 

to recognize.
All of the previous authors reported the greatest as

semblage population and diversity in the Fort Hays Limestone 
Member and the lowermost Smoky Hill Shale Member.
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BIOSTRATIGRAPHY

In an effort not to confuse the reader with yet another 
set of informal zonations the biostratigraphic terminology of 

Kent (1967) has been adopted in a slightly modified form.
This zonation was chosen due to its similarity to that found 
in this study and because it is recent and readily available 
in the literature.

The two zones present in Kent's study were termed the 
Globorotalites interval and the Gavelinella interval. These 
names have been changed to the Globorotalites subconicus as
semblage zone and the Gavelinella talaria assemblage zone in 

order to conform to the terminology proposed in 1970 by the 
American Commission on Stratigraphic Nomenclature for the 

American Association of Petroleum Geologists. Although these 

zones should now be considered informal., previous works in
dicate that with more detailed study the zones might be ex
tended into areas of Kansas, Wyoming., Nebraska, and South 

Dakota and thus possibly warrant a formal designation.
The Globorotalites subconicus assemblage zone at Pueblo 

extends from 0 feet (0 m) to 62 feet (19*3 m) above the base 
of the Niobrara Formation and includes all of the Fort Hays
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Limestone Member and the shale and limestone unit of the 

Smoky Hill Shale Member (figure 11). This zone is 
characterized by the presence of Praebulimina ovulum (Reuss), 

Bifarina geneae (Morrow)3 Gyroidina? aff. G.? depressa (Alth), 
Gyroidina? lenticula (Reuss)} Globorotalites elkensis Kent 

and Globorotalites subconicus (Morrow).
The species which are limited to the Globorotalites 

subconicus assemblage zone at Pueblo are as follows. 

Lenticulina sp.
Neobulimina canadensis Cushman and Wickenden 
N. irregularis Cushman and Parker 

•̂Praebulimina ovulum (Reuss)
*Bifarina geneae (Morrow)
B. hispidula (Cushman)
*Gyroidina? aff. G.? depressa (Alth)
*G.? lenticula (Reuss)
•̂Globorotalites elkensis Kent 
G. subconicus (Morrow)
G. umbilicatus (Loetterle)

*significant in both abundance and distribution 
The following species are present in both the Globo

rotalites subconicus assemblage zone and the Gavelinella 
talaria assemblage zone at Pueblo.

S£i roplectammina spp.
•̂Praebulimina prolixa (Cushman and Parker)
*Valvulinaria plummerae Loetterle
•̂Cassidella tegulata (Reuss) _ 
*Gyroidinoides nitidus (Reuss) 
•̂Gavelinella kansasensis (Morrow) 
*G. talaria (Nauss)

questionable occurrence 
Hin Gavelinella talaria
^assemblage zone

*significant in both abundance and distribution
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FIGURE II 

B IOSTRATIGRAPHIC ZONATION
N i o b r a r a  Fm. P u eb lo ,C o lo .
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The Gavelinella talaria assemblage zone at Pueblo ex

tends from 62 feet (19*3 m) to 740 feet (226 m) above the 
base of the Niobrara Formation and includes the lower shale 

unit through the upper chalk unit of the Smoky Hill Shale 

Member (figure 11). The benthonic microfauna of this inter
val are much less diagnostic than that of the Globorotalites 
subconicus assemblage zone and as a result the Gavelinella 
talaria assemblage zone is more difficult to recognize. The 

Gavelinella talaria assemblage zone is characterized by the 
continuing presence of Gavelinella talaria (Nauss) and 
Valvulinaria plummerae Loetterle,, even in the absence of 
other benthonic species,, and by an increase in the presence 
of Praebulimina prolixa (Cushman and Parker). No benthonic 
species which are significant in terms of abundance or dis
tribution were found to be limited to the Gavelinella talaria 
assemblage zone.

The zonation present at Pueblo differs from that of Kent 

(1967) for northwestern Colorado on only two points. Kent 

reported that Praebulimina ovulum (Reuss) is not characteris

tic of any particular interval while at Pueblo it is restrict
ed to the Globorotalites subconicus assemblage zone. In 

addition Kent did not report the presence of any species of 
Gyroidina or Gyroidinoides. At Pueblo three species
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representing these two genera make up an important part of 

the assemblage found in the upper part of the Globorotalites 
subconicus assemblage zone.

Correlation of this zonation with that of the other 
previous studies is more difficult. This is due to the 
highly generalized manner in which the stratigraphic posi
tion of the reported fauna is presented in these studies and 
the lack of many of the arenaceous species and Nodosariinae 
at Pueblo.

Seven benthonic species from the Niobrara Formation in 

Kansas as reported by Morrow (193^) are present at Pueblo. 
Morrow reported these species to be confined to the Fort 

Hays Limestone Member while at Pueblo they are confined to 

the Globorotalites subconicus assemblage zone.

Nine benthonic species present at Pueblo were also re

ported by Loetterle (1937) as occurring in the Niobrara 
Formation in Kansas, Nebraska., and South Dakota. Six of 
these nine species are restricted to the Globorotalites sub

conicus assemblage zone at Pueblo. Loetterle reported the 
same six species as being restricted to the Fort Hays Lime
stone Member in the areas of his study. Two significant 

differences are apparent. Gavelinella kansasensis (Morrow) 
is restricted to the Globorotalites subconicus assemblage



T-1527 36

zone and possibly the lowermost part of the Gavelinella 
talaria assemblage zone at Pueblo. Loetterle found it to be 

present throughout the Niobrara Formation. Also, Loetterle 
found Cassidella tegulata (Reuss) only in the Fort Hays 
Limestone Member while at Pueblo it is present throughout 
both the Globorotalites subconicus assemblage zone and the 
Gavelinella talaria assemblage zone.

Bates (19̂ -8) described three benthonic species from the 

Niobrara Formation in northeastern Colorado which are also 

found at Pueblo. Two of these species, which are restricted 
to the Globorotalites subconicus assemblage zone at Pueblo, 
were reported from only the Timpas Limestone or lower 50 feet 
(15 .3 m) of the Niobrara Formation by Bates.

Seven benthonic species reported from the Niobrara 

Formation in El Paso County, Colorado by Berry (1951) are 
also present at Pueblo. All seven species are restricted to 

or are characteristic of the Globorotalites subconicus as
semblage zone at Pueblo and were limited to the Planulina 
kansasensis (Gavelinella kansasensis) zone, Globorotalia 
umbilicata (Globorotalites umbilicatus) zone, and lower 10 

feet (3 m) of the Globotruneana area zone of Berry.

Four zones set up by Bolin (1952) for the Niobrara 
Formation in southeastern South Dakota could not be
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correlated with the two zones used at Pueblo because none of 

the diagnostic species used by Bolin are present at Pueblo. 

Nine benthonic species are common to both studies however. 
Eight of these species which were reported restricted to or 

were most abundant in the Fort Hays Limestone Member in 
southeastern South Dakota are also restricted to or charac
teristic of the Globorotalites subconicus assemblage zone at 
Pueblo. A significant difference is that in South Dakota 
Gavelinella kansasensis (Morrow) is present throughout the 
Niobrara Formation^ while at Pueblo it is present only in 
the Globorotalites subconicus assemblage zone and possibly 

the lowermost part of the Gavelinella talaria assemblage 

zone.
Eleven benthonic species reported present in the Nio

brara Formation from the Laramie Basin of Wyoming by Shaw 

(1953) are also present at Pueblo. Shaw listed four of these 
species as being restricted to the Fort Hays Limestone 
Member. The same four species are present only in the 
(Globorotalites subconicus assemblage zone at Pueblo. It is 
impossible to correlate any of the remaining seven species 
as Shaw only listed them as being present throughout the 
Niobrara Formation and relative abundances were not given.
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Due to the paucity of benthonic foraminifers in the 

Gavelinella talaria assemblage zone at Pueblo no attempt at 

correlation of this interval with earlier studies will be 

made. It should be noted, however, that a similar reduction 

in the number and variety of benthonic foraminifers in the 

upper portion of the Niobrara Formation was also reported in 

these studies.
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PALEOENVIRONMENT

The Niobrara Formation in south-central Colorado was 

deposited near the center of an epicontinental sea during 
this sea’s maximum extent when it reached from the Arctic 
slope of Canada to the Gulf of Mexico and extended from west
ern Utah to at least as far east as central Kansas (Kauffman,, 

1969). The great abundance of planktonic foraminifers in 
the Niobrara Formation indicates that this formation was de
posited in marine water of normal salinity and was therefore 
probably in an area of unrestricted circulation and away from 

the effects of fresh water runoff (Phleger,, 1960b). One as
pect of this sea which remains controversial is its maximum 
depth. Kauffman (1969) believes that the Fort Hays Limestone 
Member in Kansas was deposited within the photic zone at 
depths of 100 to 200 feet (30 m to 60 m). Frey (1972) and 
Kauffman and others (1969) cite a raised mid-basin platform 
or bank as possibly accounting for these shallow depths so 

far offshore. Both feel that the central area of the sea 
may have been deeper at times but not appreciably during 

Fort Hays deposition. This concept of a relatively shallow 

mid-basin area is based primarily on benthonic megafaunal
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assemblages5 evidence of postulated periodic wave action,, and 

trace fossils. Evidence for water depths of a much deeper 
nature in south-central Colorado is provided by the benthonic 
foraminifers.

Planktonic to Benthonic Ratio

The planktonic to benthonic ratio must be used with 
caution when applying it to the Niobrara Formation. Two 

reasons justify the need for not making direct comparisons 

with foraminiferal studies made across the modern continental 
shelves into very deep water. First., the abundance of plank
tonic foraminifers is related to water salinity as well as 

depth (Phleger^ 1960b). The area of south-central Colorado 
was probably located far enough from any diluting fresh

water source that the salinities there may have been similar 
to those found today at similar distances offshore. If the 
average width of modern continental shelves is taken to be 

75 kilometers or approximately ^5 nautical miles (Shepard,, 
1973), then at a distance of 500 kilometers or 310 nautical 
miles (approximately equivalent to the distance from south- 
central Colorado to the late Turonian-early Coniacian coast

line in western Utah) one would find water depths approaching
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those of the abyssal plain. Modern planktonic to benthonic 
foraminiferal ratios characterizing abyssal depths are 10 or 

greater (Phleger,, 1960b). However., if salinity controls 

planktonic foraminiferal populations more so than does depth 

(the largest population of planktonic foraminifers live 
within only the upper 100 m of water [Phleger* 1960a]) then 
planktonic to benthonic ratios greater than 10 need not in
dicate abyssal depths. This is believed to have been the 
situation during deposition of the Niobrara Formation in 

south-central Colorado. Water salinities typical of those 
found above modern abyssal depths were present in shallower 

waters in the middle of the Late Cretaceous epicontinental 

sea due to the great distance to the nearest fresh-water 
runoff. As a result3 the abundant planktonic foraminiferal 
assemblage typical of modern abyssal depths was obtained in 

a much shallower sea.
A second reason for using caution in applying modern 

planktonic to benthonic foraminiferal ratios to the Niobrara 

Formation in south-central Colorado is the possibility that 
bottom conditions not favorable to benthonic foraminifers 
may have existed. This would result in a small benthonic 
population and., given a normal planktonic population^ an
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abnormally high planktonic to benthonic ratio would be 

present. Frey (1972) has suggested that a very soft sub

strate is responsible for the dearth of benthonic foramini
fers in the Niobrara Formation. If this was the situation,, 

then an abnormally high planktonic to benthonic ratio would 
be expected.

A rapid rate of sedimentation of non-foraminiferal sedi
ment could also create unfavorable conditions for the exist
ence of benthonic foraminifers and again a higher than normal 
planktonic to benthonic ratio would result.

At Pueblo the planktonic to benthonic ratios in the Fort 
Hays Limestone Member vary from 2.8 to 54 (Table II). Values 
between 5.0 and 7.0 are most consistent and are probably 
most representative. Planktonic to benthonic ratios of 
these values are typical of those found on modern upper con

tinental slopes (Phleger3 1960b). Values for the Smoky Hill 

Shale Member fluctuate widely from 5.3 to infinity. Most of 
the values found were 10 or greater which are typical of 
modern continental slopes and deep-sea regions (Phleger, 
1960b). It is felt that extremely deep-water conditions 

were not present during Smoky Hill deposition,, however.

These high ratios can probably be explained by one, or more
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likely a combination^ of the aforementioned conditions which 

result in abnormally high planktonic to benthonic foramini- 

feral ratios.

Analogy with Modern Genera

Perhaps the best method for estimating the depth of the 
Niobrara sea in south-central Colorado is by comparing the 
Cretaceous benthonic foraminifers with modern homeomorphs. 

Important constituents of the Niobrara benthonic microfauna 

for which this is possible Include the genera Praebulimina, 
Cassidella., Valvulinaria,, and Gyroidina.

Walton (1964) reports that modern Bulimina in the Gulf 
of Mexico are most dominant at depths greater than 300 
fathoms (600 m) although some species are abundant at 200 
fathoms (400 m). One species was found to be most abundant 
at 100 fathoms (200 m). Phleger (1960b) lists Bulimina as 
possibly being most abundant on the upper continental slope 
and common on the lower continental slope and in the deep 

sea of the Gulf of Mexico. A study of modern benthonic 

foraminifers off the Pacific Coast of southern North America 

by Smith (1964) has shown that most of the species of 

Bulimina present are limited to depths greater than 100
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meters.
The genus Cassidella, although now considered to be a 

member of the Cassidulinacea superfamily rather than Bulimin- 
acea, has been compared with the modern genus Bolivina for 

environmental interpretation (Kent, 1968). Walton (1964) re
ports that in the Gulf of Mexico species of Bolivina make up 

the greatest percentage of the benthonic population at depths 
greater than 100 fathoms (200 m). Phleger (1960b) lists 
Bolivina as one of the genera which may be most abundant on 
the upper continental slope in the Gulf of Mexico and Smith 
(1964) found that most species of Bolivina present off the 

coast of southern California do not occur in depths less than 

300 meters.
Phleger (1960b) reports that modern Valvulinaria are 

restricted to, or are more abundant on, the outer continental 
shelf in water deeper than approximately 50 to 70 meters in 
the Gulf of Mexico. He adds that they may also occur beyond 
the continental shelf. Off the Pacific Coast of southern 
California Valvulinaria was not reported with certainty in 
water depths less than 200 meters (Smith, 1964).

Modern species of Gyroidina are one of the common con

stituents of the lower-continental-slope and deep-sea micro
fauna in the Gulf of Mexico (Phleger, 1960b). Smith (1964)
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found that Gyroidina was most common between depths of 1200 

and 1400 meters off southern California although it was re
ported from two locales in water as shallow as 400 meters.

Previous Interpretation of Cretaceous Benthonic Foraminifers

Sliter (1972) presented a list of Upper Cretaceous, mid
latitude, benthonic foraminiferal depth assemblages which he 
interpreted from studies made of Cretaceous strata along the 
eastern North Pacific margin. Sliter includes many genera in 

his interpretation but only those present at Pueblo are dis
cussed here.

He interprets Gyroidina and Pleurostomella as being 

common constituents of the outer shelf assemblage with 
Gavelinella being somewhat less important.

On the upper continental slope Gavelinella, Spiroplec- 
tammina, and Gyroidinoides are important fractions of the 
benthonic population and Praebulimina may be present in 
limited numbers.

The middle continental slope was interpreted as being 
characterized by abundant Praebulimina with Spiroplectammina 

and Gavelinella being less important constituents.

Finally, the lower continental slope benthonic micro-
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fauna was felt to include abundant Praebulimina and only a 

few Gavelinella and Spiroplectammina.

Inferred Water Depth at Pueblo

The following interpretation of the paleobathymetry at 
Pueblo during Niobrara deposition^ based on the benthonic 
foraminiferal assemblages present,, is offered for con
sideration .

Based on the distribution of what are apparently the 
deepest-water forms present (Praebulimina and Gyroidina) 
maximum water depth would have been attained during deposi

tion of the shale and limestone unit of the Smoky Hill Shale 

Member. At this time water depths were possibly 300 to 400 
meters or typical of those found above parts of the upper 

continental slopes today. The benthonic microfauna of the 
Fort Hays Limestone Member indicate a somewhat shallower 
environment more typical of the depths found on modern outer 

continental shelves. Microfaunal evidence for the portion 
of the Niobrara Formation above the shale and limestone unit 

is insufficient for making a justified paleobathymetric 
interpretation although these strata have been interpreted 
by previous workers as a regressive sequence which was
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probably accompanied by a shallowing of water depth.

Foraminiferal Number

The very wide fluctuation in foraminiferal numbers 

(Table II) for the Niobrara Formation at Pueblo can be ex

plained in several ways. Firsts and quite possibly most im
portant,, is that it is a measure of how well the sample could 
be broken down. Some of the more calcareous shales and chalk 
could not be broken down as effectively as the less indurated 
samples. As a result some of the specimens were not seen and 
the error was multiplied when correcting back to a standard 
sample size. The foraminiferal number is also dependent on 
the rate of influx of non-foraminiferal sediment or the rate 
of production of foraminifers. Most likely a combination of 

all these factors affected the samples examined in this study

In general the foraminiferal numbers do indicate a slow 

rate of deposition for the micrite and chalk portions of the 
Niobrara Formation as compared with the shale units. The 
lack of benthonic foraminifers in the middle shale and upper 

shale units of the Smoky Hill Shale Member is probably a re

flection of the postulated greater rate of influx of detrital 

material during the deposition of these strata.
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CONCLUSIONS

Twenty species of benthonic foraminifers representing 

13 genera were found in the Niobrara Formation at Pueblo^ 
Colorado. The most abundant and varied benthonic population 
is present in the Fort Hays Limestone Member and the shale 
and limestone unit of the Smoky Hill Shale Member.

Two biostratigraphic zones were recognized in the 

Niobrara Formation at Pueblo. These were termed the 
Globorotalites subconicus assemblage zone and the Gavelinella 

talaria assemblage zone. These names are modifications, in 
terminology only,, of the intervals set up by Kent (1967) for 
the Niobrara-equivalent portion of the Mancos Shale in north
western Colorado. The Globorotalites subconicus assemblage 
zone at Pueblo includes the Fort Hays Limestone Member and 
the shale and limestone unit of the Smoky Hill Shale Member. 
The stratigraphically higher Gavelinella talaria assemblage 

zone at Pueblo includes the lower shale unit through the 

upper chalk unit of the Smoky Hill Shale Member. The micro

fauna of the Globorotalites subconicus assemblage zone at 

Pueblo corresponds well with the microfauna present in the 
Fort Hays Limestone Member of the Niobrara Formation in
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eastern Colorado (Bates, 1948 and Berry, 1951)  ̂ southeastern 
South Dakota (Bolin, 1952), the Laramie Basin of Wyoming 
(Shaw, 1953), Kansas (Morrow, 1934 and Loetterle, 1937) s and 
Nebraska and western South Dakota (Loetterle, 1937)* More 
detailed knowledge of the stratigraphic distributions of the 

foraminiferal species present in these other areas is 
necessary before the G-loborotalites subconicus assemblage 

zone can be correlated with certainty however.
The paucity of benthonic foraminifers in the Gavelinella 

talaria assemblage zone at Pueblo prevents any attempts at 
correlation with previous studies.

Based on analogy with modern benthonic foraminiferal 

homeomorphs the water depths estimated for the Niobrara sea 
in south-central Colorado are similar to those found over 
modern outer continental shelf and upper continental slope 
areas. Maximum depth is interpreted to have been approxi
mately 300 to 400 meters and was probably attained during 
deposition of the shale and limestone unit of the Smoky Hill 

Shale Member.
Foraminiferal numbers indicate a slow rate of deposition 

for the Fort Hays Limestone Member and the chalk and micrite 

portions of the Smoky Hill Shale Member as compared with the 
much thicker shale portions of the Smoky Hill Shale Member.
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APPENDIX I

Measured Section of 
Niobrara Formation 
at Pueblo_, Colorado
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Measured Section of the Niobrara Formation 

Pueblo, Colorado

Upper Chalk Unit 
Smoky Hill Member

NW SW NW Sec. 36, T. 20 S., R. 65 W
Pueblo County, Colorado

Stratigraphic 
Position 

Above Top of
Unit Description Thickness Carlile Shale

740*
8* (226 m)

(2.6 m)

731' 
(223 m)

Upper Shale Unit 
Smoky Hill Member

NW SW NW Sec. 36, T. 20 S., R. 65 W 
Pueblo County, Colorado

731’
109 Shale, light gray, platy, 10* (223 m)

calcareous, weathers (3 ni)
grayish-orange, contains 
some gypsum veinlets 
Sample B-99

721* 
(220 m)

110 Chalk, dark gray to black, 
platy, weathers yellow- 
brown, fairly resistant, 
forms low hogbacks 
Sample B-100
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Unit

108

Description

This interval of upper 
shale unit was not 
studied

Thickness

249’ 
(76 m)

Stratigraphic 
Position 

Above Top of 
Carlile Shale

721'
(220 m)

472»
(144 m)

Middle Chalk Unit 
Smoky Hill Member

SE SW SW Sec. 10, T. 20 S., R. 65 W
Pueblo County, Colorado

107 Chalk, light gray, platy, 10’
weathers yellowish-tan, (3m)
moderately resistant, 
forms low hogbacks 
Sample B-82

472' 
(144 m)

462' 
(l4l m)

106 Chalk, light gray, platy, 10’
weathers yellowish-tan, (3m)
moderately resistant, 
forms low hogbacks 
Sample B-8l

452'
105 Chalk, medium gray, platy, 10’ (138 m)

weathers yellowish-tan, (3 m)
moderately resistant, 
forms low hogbacks, 4M 
to 6” diameter iron 
oxide concretions near 
top
Sample B-80
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Unit

104

103

102

Stratigraphic 
Position 

Above Top of 
Description Thickness Carlile Shale

442' 
(135 m)

Middle Shale Unit 
Smoky Hill Member

SW NE NW Sec. 33, T. 20 S., R. 65 W.
Pueblo County,, Colorado

This interval of middle 263'
shale unit was not (80.5 m)
studied

Shale9 light gray to 10*
medium gray^ platy to (3m)
slightly fissile,, cal
careous } forms slopes 
and valleys} local dis
continuous limonite 
streaks throughout 
Sample B-6l

Shale^ medium gray,, platy 10'
slightly fissile^ calcar- (3 m) 
eous, forms slopes and 
valleys5 two 1M bentonite 
beds in lower 3'
Sample B-60

442' 
(135 m)

179’ 
(54.5 m)

169' 
(51.5 m)
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Stratigraphic 
Position 

Above Top of
Unit Description Thickness Carlile Shale

159’
(48.5 m)

Lower Limestone Unit 
Smoky Hill Member

SW NE NW Sec. 33. T. 20 S., R. 65 W.
Pueblo County, Colorado

159’
(48.5 m)

101 Limestone, light gray, 8 ’
platy, argillaceous to (2.5 m)
very argillaceous,
weathers light buff-
gray, moderately
resistant,, forms cliffs,
some evidence of burrowing
Sample B-59

151' 
(46 m)

100 Limestone^ light gray to 10’
buff-gray, platy, argil- (3m)
laceous, moderately re
sistant, weathers buff- 
gray., forms cliffs, minor 
crystalline pyrite present 
Sample B-58

l4l» 
(43 m)

99 Limestone, medium gray to 10T
buff-gray, platy, argil- (3m)
laceous, fairly resistant,
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Stratigraphic 
Position 

Above Top of
Unit Description Thickness Carlile Shale

weathers buff-gray5 forms 
cliffs., evidence of 
burrowing present 
Sample B-57

131'
(40 m)

98 Limestone5 medium gray to 10f
light gray^ slightly fis- (3 m) 
sile to platy,, very argil
laceous,, fairly resistant,, 
weathers buff-gray^ forms 
cliffs 
Sample B-56

121T 
(37 m)

Lower Shale Unit 
Smoky Hill Member

S i NW NW Sec. 33, T. 20 S.} R. 65 W 
Pueblo County,, Colorado

121* 
(37 m)

97 Shale., medium gray5 platy., 9'
calcareousj moderately (2.7 m)
soft5 weathers brownish- 
gray., forms slopes., dis
continuous gypsum 
stringers present 
Sample B-5^ & 55

112 1
(3^.3 m)



T-1527 6 2

Unit Description Thickness

96 Shale5 medium gray to 10*
yellowish-brown^ platy* (3m)
calcareous* fairly soft* 
weathers brownish-gray* 
forms slopes 
Sample B-52 & 53

95 Shale* dark gray to black* 10f
slightly fissile* cal- (3 m)
careous* soft* weathers 
dark gray* forms slopes 
Sample B-51

9k Shale* medium buff-gray to 10T
dark gray* fissile* cal- (3 m)
careous* soft* weathers 
medium gray* forms slopes* 
two 2-inch (5-cm) bentonite 
beds in upper half of 
interval 
Sample B-50

93 Shale* yellowish-brown to 10f
medium gray* fissile* cal- (3 m) 
careous* soft* weathers 
brownish-gray* forms 
slopes 
Sample B-^9

Stratigraphic 
Position 

Above Top of 
Carlile Shale

112»
(3^.3 m)

102' 
(31.3 m)

92' 
(28.3 m)

82' 
(25.3 m)

72'
(22.3 m)
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Unit Description Thickness
92 Shale, medium brownish- 101

gray, fissile to slightly (3 m) 
platy, calcareous, soft 
weathers brownish-gray, 
forms slopes 
Sample B-48

Shale and Limestone Unit 
Smoky Hill Member

SW SE NE Sec. 32, T. 20 S., R. 65
Pueblo County, Colorado

91 Micrite, light buff-gray, 1*
massive, hard, contains (0.3 m)
small fragments of
Inoceramus 3 weathers
light gray, forms small
ledges

90 Shale, medium gray to dark 1* 4” 
gray, slightly fissile, (0.43 m) 
soft, calcareous, weathers 
medium gray, forms slopes 
Sample B-47

Stratigraphic 
Position 

Above Top of 
Carlile Shale

72  t

(22.3 m)

62 1 
(19.3 m)

62' 
(19.3 m)

611 
(19.0 m)

59' 8"
(18.57 m)
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Unit Description Thickness

89 Micrite, light buff-gray, 1* 7M
massive, hard, weathers (0.50 m)
light gray, forms small 
ledges

88 Shale, medium gray, soft, l r 2"
fissile, calcareous, (0.3^ m)
weathers medium gray, 
forms slopes

87 Micrite, medium gray, thin 10M
laminated, hard, weathers (0.27 m)
light gray, forms small
ledges

86 Shale, medium gray, fissile, 11"
soft, calcareous, J-inch (0.29 m ) 
(l-cm) bentonite bed near 
top, weathers buff-gray, 
forms slopes 
Sample B-45

Stratigraphic 
Position 

Above Top of 
Carlile Shale

59T 8" 
(18.57 m)

58' 1" 
(18.07 m)

56' 11" 
(17.73 m)

56' 1" (rM6 m)

55' 2" 
(17.17 m)

85 Micrite, medium gray, mas- 9"
sive, hard, contains molds (0.25 m) 
of Inoceramus, weathers
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Stratigraphic 
Position 

Above Top of
Unit Description Thickness Carlile Shale

light gray, forms small 
ledges

84

83

82

81

Shale, medium gray, fissile, 3" 
soft, calcareous, (0.08 m)
weathers medium gray

Micrite, light buff-gray, 
massive, hard, burrowed, 
minor limonite staining, 
weathers light gray, 
forms small ledges

Shale, medium gray, fis
sile, soft, calcareous, 
weathers light gray, 
forms slopes 
Sample B-43

Micrite, light gray to 
medium gray, massive, 
hard, burrowed, contains 
small fragments of 
Inoceramus, weathers 
light gray, forms small 
ledges

7"
(0.19 m)

9"
(0.23 m)

8"
(0.20 m)

54' 5" 
(16.92 m)

54' 2" 
(16.84 m)

53' 5"
(16.65 m)

52' 8" 
(16.02 m)
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Stratigraphic 
Position 

Above Top of
Unit Description Thickness Carlile Shale

80 Shale, medium gray, fis- 1 ’ 7”
sile, soft,, calcareous, (0.48 m) 
■J-inch (0.5-cm) bentonite 
bed in middle, weathers 
medium gray, forms slopes

79 Micrite, medium gray, mas- 3,r
sive, hard, abundant (0.08 m)
Inoceramus prisms, 
weathers light gray, 
forms small ledges

78 Shale, medium gray, fissile, 1 ’ 6" 
soft, calcareous, (0.45 m)
weathers medium gray, 
forms slopes 
Sample B-4l

77 Micrite, medium gray, thin 4M
laminated, hard, contains (0.1 m) 
coarse-sand-size limonite 
nodules, weathers buff- 
gray, forms small ledges

52* 
(15.82 m)

50» 5" 
(15.34 m)

50» 2" 
(15.26 m)

48* 8" 
(l4.8l m)

48* 4"
(14.71 m)
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Stratigraphic 
Position 

Above Top of
Unit Description Thickness Carlile Shale

48* 4” 
(14.71 m)

76 Shale, medium gray, fis- 1* 7"
sile, soft, calcareous, (0.48 m)
weathers medium gray, 
forms slopes

46* 9" 
(14.23 m)

75 Micrite, light gray to 8"
medium gray, massive, (0.2 m)
hard, burrowed, con
tains Inoceramus 
fragments, weathers 
light gray, forms small 
ledges

46' 1" 
(14.03 m)

74 Shale, medium gray, fis- 2' 1"
sile, soft, calcareous, (O.63 m)
weathers medium gray, 
forms slopes 
Sample B-39

44, 
(13.4 m)

Fort Hays Member 
SW SE NE Sec. 32, T. 20 S., R. 65 W.

Pueblo County, Colorado



T-1527 68

Unit

73

72

71

Description

Micrite,, as unit 71

Shale,, dark gray,,fissile, 
soft, calcareous, 
weathers medium gray 
Sample B-38

Micrite, light gray, mas
sive, hard, burrowed, 
weathers yellowish-gray, 
forms cliffs

Thickness

11" 
(0.28 m)

1"
(0.02 m)

4" 
(0.1 m)

Stratigraphic 
Position 

Above Top of 
Carlile Shale

44!
(13.4 m)

4 3  t
(13.12 m)

4 3 1 
(13.1 m)

70 Shale, as unit 68

69 Micrite, light gray,
massive, hard^ scattered 
Inoceramus fragments, 
weathers yellowish-gray 
forms cliffs

2”
(0.05 m)

6"
(0.15 m)

42* 8" 
(13.0 m)

42* 6" 
(12.95 m)

42' 
(12.80 m)
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Unit Description Thickness

68 Shale^ dark gray^ fissile,, 7M
soft,, calcareous^ (0.18 m)
weathers medium gray 
Sample B-36

67 Micrite^ as unit 63 "but 1* 1"
contains burrows (0.33 m)

66 Shale,, as unit 60 7"
(0.18 m)

65 Micrite., as unit 63 5"
(0.12 m)

64 Shale,, as unit 60 4 M
(0.10 m)

63 Micrite5 light gray5 l r
massive^ hard,, weathers (0.3 m)
yellowish-gray5 forms
cliffs

Stratigraphic 
Position 

Above Top of 
Carlile Shale

42' 
(12.80 m)

4l* 5" 
(12.62 m)

40f 4 ” 
(12.29 m)

391 9"(12.11 m)

39* 4" 
(11.99 m)

391 
(11.89 m)
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Unit Description Thickness

62 Shale., as unit 60 9"
Sample B-33 (0.24 m)

6l Micrite, light gray, mas- 1 ’ 5"
sive, hard, with limonite (0.45 m) 
nodules up to 1/8 inch 
(2.5 mm) diameter., weathers 
yellowish-gray, forms 
cliffs

60 Shale, dark gray, fissile, 2M
soft, calcareous, (0.05 m)
weathers medium gray

59 Micrite, light gray, thin 5"
laminated, hard, weathers (0.12 m)
yellowish-gray, forms
cliffs

58 Shale, as unit 52 1”
(0.02 m)

Stratigraphic 
Position 

Above Top of 
Carlile Shale

38' 
(11.59 m)

37' 3" 
(11.35 m)

35' 10"
(10.90 m)

35' 8" 
(IO.85 m)

35» 3" 
(10.73 m)

351 2"
(10.71 m)
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Unit Description Thickness

57 Micrite, as unit 55 but l 1 5M
containing burrows (0.45 m)

56 Shale, as unit 52 2"
Sample 30 (0.05 m)

55 Micrite, light gray, l f 10"
massive, hard, weathers (0.55 m)
yellowish-gray, forms 
cliffs

54 Shale, as unit 52 1M
(0.02 m)

53 Micrite, light gray, 5"
massive, hard, with (0.12 m)
fragments of Inoceramus, 
weathers yellowish-gray, 
forms cliffs

Stratigraphic 
Position 

Above Top of 
Carlile Shale

351 2"
(10.71 m)

33' 9" 
(10.26 m)

33' 7" (10.21 m)

31' 9" 
(9.66 m)

31' 8" 
(9.64 m)

31' 3"
(9.52 m)
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Unit Description Thickness

52 Shale, dark gray, fissile, 2"
soft, calcareous, (0.05 m)
weathers medium gray

51 Micrite, medium gray, mas- 9"
sive, hard, with scattered (0.23 m) 
Inoceramus fragments, 
weathers light gray, 
forms cliffs

50 Shale, dark gray, fissile, 7"
soft, calcareous, with (0.18 m)
■J-inch (0.5-cm) bentonite
bed in lower half,
weathers medium gray
Sample B-27

49 Micrite, as unit 47 7n
(0.18 m)

48 Shale, as unit 40 1"
(0.02 m)

Stratigraphic 
Position 

Above Top of 
Carlile Shale

31? 3" 
(9.52 m)

31' 1"
(9-4? m)

30' 4" 
(9.24 m)

291 9 " 

(9.19 m)

2 9 1  2 " 

(9.01 m)

291 1"
(8.99 m)
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Unit Description Thickness

47 Micrite, as unit 4l hut 2' 3"
with Inoceramus (0.68 m)
fragments

46 Shale, as unit 40 3"
(0.08 m)

45 Micrite, as unit 4l 9"
(0.23 m)

44 Shale, as unit 40 1"
Sample B-24 (0.02 m)

43 Micrite, as unit 4l 10"
(0.25 m)

42 Shale, as unit 40 3M
(0.08 m)

Stratigraphic 
Position 

Above Top of 
Carlile Shale

291 1"
(8.99 m)

26' 10" 
(8.31 m)

2 6 ' 7 " 

(8.23 m)

25' 10" 
(8.0 m)

25' 9" 
(7.98 m)

24' 11" 
(7.73 m)

24' 8"
(7.65 m)
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Unit Description Thickness

4l Micrite,, light gray, 7"
massive, hard, weathers (0.18 m)
yellowish-gray, forms
cliffs

40 Shale, dark gray, fissile 5”
(0.12 m)

39 Micrite, light gray, 1* 5”
massive, hard, with (0.43 m)
rare limonite nodules 
up to 1/8-inch (2 .5_nim) 
diameter, weathers 
yellowish-gray, forms 
cliffs

38 Shale, dark gray, fissile, 2M
soft, calcareous, with (0.05 m)
1/8-inch (2 .5-mm) ben
tonite bed near middle, 
weathers medium gray 
Sample B-21

Stratigraphic 
Position 

Above Top of 
Carlile Shale

24' 8” 
(7.65 m)

241 1"

(7.^7 m)

231 8 "

(7-35 m)

22' 3" 
(6.92 m)

2 2 1 1 "

(6.87 m)
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Stratigraphic 
Position 

Above Top of
Unit Description Thickness Carlile Shale

22 1 1” 
(6.87 m)

37 Micrite, light gray, mas- 1' l"
sive, hard, with rare (0.32 m)
Inoceramus fragments and 
very small limonite 
nodules5 weathers yellow
ish-gray, forms cliffs

36 Shale , as unit 32 lrr
(0.02 m)

35 Micrite, as unit 33 but l f 1M
with occasional (0.32 m)
Inoceramus fragments

3^ Shale,, as unit 32 4"
(0.10 m)

33 Micrite, light gray, 6"
massive, hard, weathers (0.15 m)
yellowish-gray, forms
cliffs

21* 
(6.55 m)

20! 11" 
(6.53 m)

191 10"
(6.21 m)

19' 6" 
(6.11 m)

19’
(5.96 m)



T-1527 76

Stratigraphic 
Position 

Above Top of
Unit Description Thickness Carlile Shale

191 
(5.96 m)

32 Shale, dark gray* fissile, 1"
soft, calcareous, (0.02 m)
weathers medium gray 
Sample B-l8

18* 11"
(5-94 m)

31 Micrite, light gray, 3”
faintly laminated, hard, (0.08 m)
minor limonite staining, 
weathers yellowish-gray, 
forms cliffs

18’ 8” 
(5.86 m)

30 Shale, as unit 24 5"
(0.12 m)

18 * 3" 
(5.74 m)

29 Micrite, light gray, 8n
massive, hard, contains (0.20 m)
scattered limonite
nodules up to J-inch
(0.5-cm) diameter,
weathers yellowish-
gray, forms cliffs

1 7 1 7 »

(5.34 m)
28 Shale, as unit 24 2"

(0.05 m)
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Unit Description Thickness

27 Micrite,, light gray,, mas- 1'
sive, hard,, with frag- (0.30 m)
ments of small molluscan
valves, small pyrite
crystals lining voids,
weathers yellowish-gray,
forms cliffs

26 Shale., as unit 24 3n
Sample B-15 (0.08 m)

25 Micrite, light gray, mas- 1*
sive, hard, weathers (0.30 m)
yellowish-gray5 forms
cliffs

24 Shale., dark gray., fissile, 3M
soft, calcareous, (0.08 m)
weathers medium gray

23 Micrite, light gray, mas- 1* 5”
sive, hard, with minor (0.43 m) 
amounts of small molluscan 
valves, weathers light

Stratigraphic 
Position 

Above Top of 
Carlile Shale

171 5” 
(5.29 m)

16 ’ 5" 
(4.99 m)

16' 2" 
(4.91 m)

151 2"
(4.61 m)

14' 11" 
(4.53 m)
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Unit Description Thickness
gray., forms cliffs

22 Shale, as unit l6 2M
(0.05 m)

21 Micrite, very light gray, l f 6,f
massive, hard, weathers (0.46 m) 
yellowish-gray, forms 
cliffs

20 Shale, as unit 16 2"
Sample B-12 (0.05 m)

19 Micrite, very light gray, 1 T 3”
massive, hard, scattered (0.39 m) 
small pyrite crystals, 
weathers light gray, forms 
cliffs

18 Shale, as unit 16 3"
(0.08 m)

Stratigraphic 
Position 

Above Top of 
Carlile Shale

13' 6" 
(4.10 ra)

13' 4" 
(4.05 m)

11' 10" 
(3.59 m)

11' 8" 
(3.54 m)

10' 5" 
(3.15 m)

1 0 '  2 "

(3.07 m)
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Unit Description Thickness

17 Micrite, as unit 15 l f
(0.4l m)

16 Shale, dark gray,, fissile, 4M
soft., calcareous, (0.10 m)
weathers medium gray

15 Micrite., light gray, mas- 1 ! 2"
sive, hard, weathers (0.37 m)
yellowish-gray, forms 
cliffs

14 Shale, dark gray, fissile, 2"
soft, calcareous, with (0.05 m)
1/8-inch (2.5-iran) ben
tonite bed near base, 
weathers medium gray 
Sample B-9

13 Micrite, light gray, mas- 7"
sive, hard, with limonite (0.18 m) 
nodules up to -ĵ -inch 
(0.5-cm) diameter, 
weathers light gray, forms 
cliffs

Stratigraphic 
Position 

Above Top of 
Carlile Shale

10’ 2” 

(3.07 m)

8 ' 10" 
(2.66 m)

8 ' 6" 
(2.56 m)

71 4" 
(2.19 m)

7' 2" 
(2.14 m)
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Unit

12

11

10

9

Description Thickness

Shale, as unit 8 2M
(0.05 m)

Micrite, as unit 9 6”
(0.15 m)

Shale, as unit 8 2”
(0.05 m)

Micrite, as unit 7 10"
hut no "burrows apparent (0.22 m)

Shale, medium gray, 4"
fissile, soft, cal- (0.10 m)
careous, weathers 
medium gray 
Sample B-6

Stratigraphic 
Position 

Above Top of 
Carlile Shale

6 ' 7" 
(1.96 m)

6* 5" 
(1.91 m)

5 ’ 11” 
(1.76 m)

5 f 9” 
(1.71 m)

4 ' 11” 
(1.49 m)

4« yn
(1.39 m)

7 Micrite, light gray, mas- 8”
sive, hard, burrowed, (0.20 m)
weathers yellowish-gray,
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Unit Description Thickness

6 Shale, medium gray, fis- 2"
sile, soft, calcareous, (0o05 m) 
with 1/8-inch (2 .5-mm) 
orange bentonite bed, 
weathers yellowish-gray

5 Micrite, as unit 3 hut with 8M
limonite partially (0.20 m)
coating molluscan
fragments

4 Shale, as unit 2 5n
(0.13 m)

3 Micrite, light gray, mas- 6n
sive, hard, contains (0.15 m)
some small molluscan
valves, weathers
yellowish-gray, forms
cliffs

2 Shale, dark gray, fis- 7M
sile, soft, calcareous, (0.18 m) 
weathers medium gray 
Sample B-3

Stratigraphic 
Position 

Above Top of 
Carlile Shale

3 T 11" 
(1.19 m)

31 9" 
(1.14 m)

3' 1" 
(0.9k m)

2 ’ 8” 
(0.81 m)

2 T 2M 
(0.66 m)
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Unit

1

Stratigraphic 
Position 

Above Top of 
Description Thickness Carlile Shale

1* 7" 
(0.48 m)

Micrite, light gray* l 1 7"
massive, hard, slightly (0.48 m)
silty, contains small 
molluscan valves, minor 
limonite staining, 
weathers yellowish-gray, 
forms cliffs

0 !
(0 m)
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APPENDIX II

Systematic Paleontology
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SYSTEMATIC PALEONTOLOGY

Systematic descriptions follow the order presented in 
the Treatise on Invertebrate Paleontology, part C (Loeblich 
and Tappan, 1964). The synonomies presented include only 
those references which have been personally examined and 
which, in the author's opinion, represent the species. The 
holotypes, hypotypes, and paratypes of Kent (1967) were ex
amined when applicable. All other entries in the synonomies 
are based on the literature only.

Order FORAMINIFERIDA Eichwald, 1830
Superfamily AMMODISCACEA Reuss, 1862

Family TEXTULARIIDAE Ehrenberg, 1838
\

Subfamily SPIROPLECTAMMINAE Cushman, 1927 

Genus Spiroplectammina Cushman, 1927

Spiroplectammina spp.
PI. 1, figs. la, b 

Several poorly preserved specimens which probably repre
sent two different species were recovered from the shale and 
limestone unit and the lower shale unit of the Smoky Hill 
Shale Member. Preservation is very poor and does not permit 
specific identification.
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Superfamily NODOSARIACEA Ehrenberg, 1838 
Family NODOSAKIIDAE Ehrenberg, 1838 

Subfamily NODOSARIINAE Ehrenberg, 1838 
Genus Nodosaria Lamarck, 1812

Nodosaria sp.
A single specimen of Nodosaria was recovered from the 

lower limestone unit of the Smoky Hill Shale Member. The 
specimen was fragmented and could not be identified at the 
specific level.

Genus Lenticulina Lamarck, 1804

Lenticulina sp.

Three specimens of Lenticulina probably representing a 

single species were recovered from the Fort Hays Limestone 

Member and the shale and limestone unit of the Smoky Hill 

Shale Member. Preservation was very poor and did not permit 
specific identification.

Superfamily BULIMINACEA Jones, 1875 
Family TUKRILINIDAE Cushman, 1927 

Subfamily TUKRILININAE Cushman, 1927 

Genus Neobulimina Cushman & ¥ickenden, 1928



T-1527 86

Neobulimina canadensis Cushman & Wickenden 

PI. 1, figs. 3a5b 

Neobulimina canadensis Cushman & Wickenden, 1928, p. 13 j,

PI. 1, figs. 1, 2; Cushman, 1946, p. 125j, PI. 52, figs. 

11, 12; Bolin, 1952, p. 44-45, PI. 3, fig. 6; Frizzell 
1954, p. 116, PI. 175 figs. 11a,b; Tappan, 19^2, p. 185* 
PI. 48, figs. 18-27.
Test elongate, narrow, tapering to a bluntly-rounded 

point in initial end; chambers numerous, somewhat inflated, 
increasing gradually in size; triserial arrangement in ini
tial one-third of test, becoming regularly biserial; sutures 
distinct, depressed; aperture and surface texture indistinct.

The illustrated hypotype is 0.28 mm long and 0.13 mm 

broad.
Occurrence. A few specimens assigned to this species were 

recovered from the interval 4 feet (1.3 m) to 7 feet (2.1 m) 
above the base of the Niobrara Formation. It is reported 
from throughout the Fort Hays Member of the Niobrara Forma

tion in southeastern South Dakota (Bolin, 1952). In the Gulf 
Coast area of the United States it is reported from beds of 
Eagle Ford to Navarro age. It has a very narrow range in 

Canada where it is limited to from 200 feet (6l m) above the
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base to 200 feet (6l m) below the top of the Lea Park 
Formation (Nauss, 1947). It is restricted to the Rodgers 

Creek and Sentinel Hill Members of the Schrader Bluff 

Formation, Colville Group in northern Alaska (Tappan, 1962) . 
Hypotype. Figured hypotype from SW SE NE sec. 32, T. 20 S.,

R. 65 ¥., Fort Hays Member, Niobrara Formation, sample B-9• 
Deposited in Colorado School of Mines Museum, Golden,

Colorado. Hypotype: 2333*

Neobulimina irregularis Cushman & Parker 

PI. 1, figs. 4a,b 

Neobulimina irregularis Cushman & Parker, 1938, p. 9, PI. 2, 

fig. 8; Loetterle, 1937j> p. 38, PI. 5̂  tig. 12; Cushman, 
1946, p. 125-126, PI. 52, fig. 13; Frizzell, 1954, p. 116, 

PI. 17, fig. 12.
Test very elongate and narrow, tapering to a sharply- 

rounded initial end; chambers numerous, inflated, irregular, 

increasing gradually in size; triserial arrangement in early 
portion of test, becoming irregularly biserial in later two- 

thirds of test; sutures distinct, depressed; aperture and 

surface texture indeterminable.
The illustrated hypotype is 0.40 mm long and 0.l6 mm 

broad.
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Remarks. This species is distinguished from Neobulimina 
canadensis Cushman & Wickenden in that N. irregularis is 
much more irregular in the biserial portion of the test 
giving it a less regular overall shape. The sutures on N. 
irregularis are also more depressed than are those of N. 
canadensis.

Occurrence. Several specimens of this species were recovered 

from approximately 7 feet (2.1 m) above the base of the 

Niobrara Formation in the Fort Hays Member. Kent (1967) re
ported finding a few specimens of this species in the lower 
part of the Niobrara-equivalent portion of the Mancos Shale 
in Moffat County, Colorado.

This species has also been reported from the Fort Hays 

Member, Niobrara Formation in Kansas, Nebraska, and South 

Dakota (Loetterle, 1937)* It has been found in the Taylor 
Marl, the Austin Chalk, and the Eagle Ford Shale in Texas. 
Hypotype. Figured hypotype from SW SE NE sec. 32, T. 20 S., 
R. 65 W., Fort Hays Member, Niobrara Formation, sample B-9. 
Deposited in Colorado School of Mines Museum, Golden, 

Colorado. Hypotype: 233^•

Genus Praebulimina Hofker, 1953
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Praebulimina ovulum (Reuss)

PI. 1, figs. 5a5b 

Bulimina ovulum Reuss, 1845:, p. 37, PI. 8, fig. 37, PI. 13j> 
fig. 73 (not Bulimina ovula d TOrbigny, 1839); Frizzell,, 
1954, P. 115, PI. 17, fig. 2.

Bulimina reus si Morrow,, 1934, p. 195-196., PI. 29, fig. 12; 
Cushman, 1946, p. 120-121, PI. 51j> figs. 1-5; Bolin, 
1952, p. 43-44, PI. 3, fig. 5.

Praebulimina ovulum (Reuss), Hofker, 1953j> p. 27 (citation of 

genotype); Kent, 1967, p. 1443, PI. 183, fig. 4.
Test small, free, tapering to a narrow rounded point, 

breadth greatest at base of final whorl; chambers triserial 
throughout, ovate, increasing rapidly in size, last whorl 

forms approximately one-half of test; sutures indistinct, 
very slightly depressed; surface texture indistinct but ap
pears smooth; aperture indistinct on most specimens, but a 
small loop beginning near base of final chamber visible on 
some individuals.

Figured hypotype is 0.23 mm long and 0.l4 mm at greatest 

breadth.
Remarks. The taxonomic status of this species is in ques

tion as a result of the introduction of the trivial name 

"reussi" as a replacement for '’ovulum'’ by Morrow in 1934.
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Morrow considered Praebulimina ovulum (Reuss) to be a homo

nym of P. ovula (d’Orbigny). Kent (1967j> p. 1443) and 
Loeblich & Tappan (1964,, p. C546) discussed the problems in
volved but no conclusion was reached. Ruth Caldwell (personal 

communication,, 1973) feels that _P. ovulum is a valid name and 
is not a homonym of P. ovula according to the rules set forth 
in the Code of the International Commission of Zoological 
Nomenclature. In light of this communication with Caldwell.,

P. ovulum is accepted as a valid name and is used in this re
port while P. reussi is considered a junior synonym of P. 

ovulum.
Occurrence. This species was recovered from scattered inter

vals In the Fort Hays Member5 Niobrara Formation. It is much 

more abundant and persistent in the lowermost 20 feet (6m) 
of the Smoky Hill Member,, Niobrara Formation at Pueblo. Kent 

(1967) found P. ovulum in the Niobrara-equivalent portion of 
the Mancos Shale in northwestern Colorado. It has also been 
reported from the lower part of the Niobrara Formation in 

Kansas (Morrow., 1934) and southeastern South Dakota (Bolin,, 
1952) as well as from the Austin,, Taylor., and Navarro Groups 
in the Gulf Coast region of the United States.
Hypotype. Figured hypotype from SW SE NE sec. 325 T. 20 S..,
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R. 65 W., Fort Hays Member, Niobrara Formation, sample B-36. 
Deposited in Colorado School of Mines Museum,, Golden,

Colorado. Hypotype 2335*

Praebulimina prolixa (Cushman & Parker)
PI. 1, figs. 6a,b 

Bulimina prolixa Cushman & Parker, 19353 p. 98 j Cushman, 1946, 
p. 122, PI. 51, figs. 19-22.

Praebulimina prolixa (Cushman & Parker), Kent, 19^73 p. 1443- 

1444, PI. 183, fig. 5.
Test small, free, tapering to a bluntly-rounded initial 

end, transverse section a rounded triangle; chambers slightly 
inflated, globular, numerous, increasing gradually in size; 

triserial arrangement throughout, slightly twisted at initial 
end in some specimens, chambers placed directly over those of 

previous whorl, six to eight whorls in a specimen; sutures 

distinct, slightly depressed, horizontal; surface texture 
indeterminable; aperture indistinct, hint of a loop-shaped 
aperture visible on some specimens.

Figured hypotype is 0.26 mm long and 0.11 mm at greatest 

breadth.

Occurrence. A few specimens were found scattered in the 

lower beds of the Fort Hays Member, Niobrara Formation.
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This species becomes more common and persistent from 62 feet 
(19.3 m) to 159 feet (48.5 m) above the base of the Niobrara 
Formation in the Smoky Hill Member. It has been found 
throughout the Niobrara-equivalent beds of the Maneos Shale 

in northwestern Colorado (Kent, 1967) and in beds of the 
Taylor and Navarro Groups in Texas.
Hypotype. Figured hypotype from SW NE NN sec. 33, T. 20 S., 
R. 65 W., Smoky Hill Member,, Niobrara Formation, sample B-58. 
Deposited in Colorado School of Mines Museum, Golden, 

Colorado. Hypotype: 2336.

Superfamily DISCORBACEA Ehrenberg, 1838 
Family DISCORBIDAE Ehrenberg, 1838 
Subfamily BAGGININAE Cushman, 1927 
Genus Valvulinaria Cushman, 1926

Valvulinaria plummerae Loetterle 

PI. 1, figs. 7a-e 
Valvulinaria plummerae Loetterle, 1937, p. 4l, PI. 6, figs. 

5,6; Cushman, 1946, p. 137-138, PI. 57, tig* 4 (not 

figs. 3a-c); Bolin, 1952, p. 51* PI. 3* tigs. l4a-c; 
Frizzell, 1954, p. 123, PI. 18, fig. 33 (not figs.
32a-c); Kent, 1967 (part), p. 1445-1446 (not PI. 183, 
figs. lOa-c).
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Test closely coiled, umbilicate, low trochospiral, all 

chambers visible on spiral side, only chambers in final 

whorl visible on umbilical side, periphery rounded, slightly 
lobate; chambers flattened, increasing gradually in size,
8-9 chambers in final whorl., final chamber has a flap-like 
extension covering the umbilicus on some specimens; sutures 
very slightly depressed, curving gently backward on spiral 
side., straight and radiate on umbilical side giving a wedge- 

shaped appearance to chambers; radial wall structure, sur

face texture indistinct; aperture obscure on all specimens.
The figured hypotype is 0.22 mm in diameter and 0.10 mm 

thick.
Remarks. Cushman (19̂ -6) included Loetterle’s (1937) illus
tration of Gyroidina depressa (Alth) as Valvulinaria plummerae 

Loetterle. Frizzell (195^) perpetuated this error in his 
summary of Texas Cretaceous foraminifers. Kent (1967) recog
nized this mistake and excluded the erroneous figures from 
synonomy. However, his illustrated hypotype of V. plummerae 

appears to possibly be a species of Gyroidina. The hypotype 
was examined and it is felt that it is not V. plummerae be

cause the chambers are not inflated enough, the sutures are 

not depressed enough, and the periphery is not lobate enough 

and is too angular to allow placement in this species.
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Additional material from Kentfs study was examined and, while 

Valvulinaria plummerae is present, it is felt that specimens 

of Gyroidina spp. were incorrectly included as V. plummerae. 

Occurrence. This species was recovered from throughout the 
Niobrara Formation at Pueblo. It is most abundant in the 
lowermost 20 feet (6 m) of the Smoky Hill Member, Niobrara 
Formation. V. plummerae has also been found throughout the 
Niobrara Formation in Kansas, Nebraska, and western South 
Dakota (Loetterle, 1937) although it is more common in the 
Fort Hays Member. It has also been reported from the Nio
brara Formation in southeastern South Dakota (Bolin, 1952) 

and from the Austin, Taylor, and Navarro Groups in Texas. 
Hypotype. Figured hypotype from SW SE NE sec. 32, T. 20 S., 

R. 65 ¥., Smoky Hill Member, Niobrara Formation, sample B-4-7. 
Deposited in Colorado School of Mines Museum, Golden, 

Colorado. Hypotype 2337.

Superfamily GLOBOGERINACEA Carpenter,
Parker, & Jones, 1862

Family HETEROHELICIDAE Cushman, 1927 
Subfamily HETEROHELICINAE Cushman, 1927 

Genus Bifarina Parker & Jones, 1872
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Bifarina geneae (Morrow)

PI. 2^ figs. 4a-d 

Eouvigerina geneae Morrow, 1934, P- 195* PI- 30, figs. 13*

16, 17* 19; Loetterle, 1937* p. 35j? PI- 5* figs. 6, 7. 
Bifarina stricta Kent, 1967.? p. 1447-1448, PI. 183* figs. 12, 

13-
Test small, elongate, narrow^ tapering slightly to a 

blunt rounded initial end, subcircular in transverse section 
in later portion; chambers arranged biserially in initial 
one-quarter to one-third of test, becoming irregularly bi
serial to uniserial, commonly having an unmatched chamber in 
a biserial position above last chambers of biserial portion 
with chambers arranged uniserially above this off-center 

chamber; early chambers globular, becoming extended or almost 

pyriform in later portion of test; sutures indistinct, very 

slightly depressed; aperture simple, terminal, located on the 

pyriform extension of final chamber as on a short neck; 
surface texture indeterminable.

Figured hypotype 0.31 mm long, 0.10 mm at greatest 
breadth. Figured paratype 0.25 mm long, 0.08 mm at greatest 

breadth.

Remarks. Kent (1967) described a new species, Bifarina
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stricta Kent, from the Niobrara-equivalent portion of the 
Mancos Shale in Garfield County, Colorado. Kent felt that 

B. stricta differed from Eouvigerina geneae Morrow in that 
E_. geneae is biserial throughout while B. stricta becomes 

uniserial in the later chambers. He also states (p. 1447) 

that

the holotype of E. geneae also has a very pro
nounced extension of the last chamber leading to 
the aperture that has a very faint suggestion of 
a phialine lip, and the chambers are more dis
tinctly separated than are those of the examined 
specimens of Bifarina stricta.

However, he goes on to state (p. 1447)
It is not possible to be certain from Morrow's 
(1934) illustrations of E_. geneae, but some of the 
specimens, notably the one Morrow showed as figure 
13, may be similar to the form here designated 
Bifarina stricta, and a gradation may exist be
tween forms similar to the holotype of B. stricta 
and those similar to the holotype of E. geneae.
If such a gradation exists, there may be no valid 
distinction between the species, but then the com
bined species should be assigned to the genus 
Bifarina, not to Eouvigerina.

It is felt that such a gradation can be observed in 

specimens recovered at Pueblo. This gradation can be seen 
in specimens from the same sample so apparently it does not 

represent an evolutionary change. A valid distinction be

tween B. stricta and E. geneae does not appear to exist and
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all forms are here assigned to Bifarina geneae (Morrow). 

Reassignment of E. geneae to the genus Bifarina is made be
cause of the development of a true uniserial chamber arrange
ment in some specimens.

Occurrence. This species was very common in the Fort Hays 
Member and the lower Smoky Hill Member, Niobrara Formation at 
Pueblo. Kent reported Bifarina stricta Kent from the lower 
part of the Niobrara-equivalent portion of the Mancos Shale 
in Garfield County, Colorado. B. geneae was reported as one 

of the most common species present in the basal Niobrara 

Formation of Kansas (Morrow, 1934) but it was not found in 
the upper part of the formation. It has been called an ex

cellent guide fossil for the Fort Hays Member, Niobrara 
Formation in Kansas, Nebraska, and South Dakota by Loetterle 

(1937).
Hypotype. Figured hypotype from SW SE NE sec. 32, T. 20 S., 
R. 65 W., Smoky Hill Member, Niobrara Formation, sample B-39* 
Deposited in Colorado School of Mines Museum,, Golden, 
Colorado. Hypotype: 2338.

Bifarina hispidula (Cushman)

Rectogumbelina hispidula Cushman, 1938, p. 21, PI. 3S figs. 

20-22; _____ , 1946, p. 109, PI. 46, figs. 22-24;
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Frizzell^ 195̂ j> p. 110; PI. 16; fig. 1.

Bifarina hispidula (Cushman) Kent; 1967.5 p. 1^+7 * PI* 183j> 
fig. 11.
Test small; elongate; narrow; sides nearly parallel ex

cept in very earliest portion where test terminates in a very 
bluntly rounded point; subcircular in transverse section; 
chambers arranged biserially in earliest one-quarter to one- 
third of test; becoming irregularly uniserial; chambers in
flated; globular; increasing gradually in size; sutures dis

tinct; depressed; aperture rounded; terminal; located on a 

short neck which has a hint of a phialine lip; surface tex

ture poorly preserved but appears rough suggesting that it 

may have been hispid.

Hypotype is 0.39 ram long and 0.05 mm at greatest 
breadth.
Remarks. This species is difficult to distinguish from 

Bifarina geneae (Morrow) in the Pueblo material. However 
B. hispidula does show somewhat more depressed sutures and a 

more distinct apertural neck than does B. geneae. B. his- 
pidula also has a suggestion of a phialine lip while B. 
geneae does not.

Occurrence. A few specimens of Bifarina hispidula were
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recovered from the Fort Hays Member and the lowermost portion 

of the Smoky Hill Member, Niobrara Formation at Pueblo.

Kent (1967) reported it from the lower third of the Niobrara- 
equivalent portion of the Mancos Shale in northwestern 

Colorado and from between 90 feet (27 m) to 105 feet (32 m) 
above the base of the Niobrara Formation in north-central 
Colorado. It was first found in the lower and middle parts 
of the Austin Chalk in Texas.
Hypotype. Hypotype from SW SE NE sec. 32., T. 20 S,3 R. 65 
Fort Hays Members Niobrara Formation5 sample B-24. Deposited 
in Colorado School of Mines Museum,, Golden,, Colorado.

Hypotype 2340.

Superfamily CASSIDULINACEA d'Orbigny, 1839 

Family PLEUROSTOMELLIDAE Reuss, i860 

Subfamily PLEUROSTOMELLINAE Reuss, i860 
Genus Pleurostomella Reuss,, i860

Pleurostomella austiniana Cushman?

PI. 1, figs. 2a*b 

Pleurostomella austiniana Cushman,, 1933^ p. 64 ̂ PI. fig.

13; _____ , 1946, p. 131-132, PI. 54, figs. 19-21;
Loetterle, 1937, p. 40, PI. 6, fig. 4; Bolin, 1952, 
p. 49-50, PI. 3, fig. 12; Frizzell, 1954, p. 120,
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PI. 18, fig. 4; Kent, 1967* p. 1̂ 9, PI. 184, fig. 2 .
Two fragmented specimens of Pleurostomella probably re

presenting P. austiniana Cushman were recovered from the 

lowermost Smoky Hill Member, Niobrara Formation. One speci

men was found approximately 44 feet (13.^ m) above the base 
of the Niobrara Formation. The other specimen was found ap

proximately 60 feet (20 m) above the base of the Niobrara. 
The figured specimen is 0.30 mm long and 0.06 mm in breadth.

Family CAUCASINIDAE N. K. Bykova, 1959 
Subfamily FUPSENKOININAE Loeblich & Tappan, 1961 

Genus Cassidella Hofker, 1951

Cassidella tegulata (Reuss)

PI. 2, figs. 5a,b 

Virgulina tegulata Reuss, 1845., p. 40, PI. 13* fig. 8l;
Bolin, 1952* p. 46-47* PI. 3* fig. 8.

Bolivina tegulata Reuss, Morrow, 1934, p. 196, PI. 30, fig. 
21.

Loxostoma tegulatum (Reuss), Loetterle, 1937* p. 40, PI. 6, 
fig. 3.

Cassidella tegulata (Reuss-), Loeblich & Tappan, 1964, p.

C732-733* figs. 600-5-7; Kent, 1967* p. 1449-1450,
PI. 184, fig. 3.
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Test small, elongate, narrow^ tapering to a sharp 
rounded pointj earliest chambers indistinct, later chambers 
arranged biserially, may be twisted; chambers numerous, may 

be slightly inflated, gradually increasing in size; sutures 
distinct, depressed, sloping slightly toward earliest por

tion; surface texture and aperture indistinct.

Figured hypotype is 0.29 mm long and 0.09 mm in breadth. 
Remarks. Kent (1967) discussed the problems concerning the 
taxonomic status of this species. Preservation of specimens 

collected from the Niobrara Formation at Pueblo is poor and 

does not allow clarification of the problem of to which genus 
Loxostomum, Cassidella, or Coryphostoma, this species should 

properly be assigned. Comparison with Kent’s hypotype of 
Cassidella tegulata indicates that it is the same as speci
mens present at Pueblo and these specimens are here assigned 
to Cassidella tegulata (Reuss) until further work either 
confirms or changes the generic assignment.
Occurrence. This species is sporadic throughout the Fort 
Hays Member and the lower portion of the Smoky Hill Member, 

Niobrara Formation at Pueblo, Colorado. Kent (1967) reported 
that it occurs in scattered intervals throughout the Niobrara 

equivalent portion of the Mancos Shale in northwestern
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Colorado. Morrow (193^) and Loetterle (1937) found the 
species in the Fort Hays Member of the Niobrara Formation in 
South Dakota, Kansas, and Nebraska.

Hypotype. Figured hypotype from SN NE N¥ sec. 33.? T. 20 S., 
H. 65 W., Smoky Hill Member, Niobrara Formation, sample B-58.
Deposited in Colorado School of Mines Museum, Golden,
Colorado. Hypotype 2341.

Family ALABAMINIDAE Hofker, 1951 
Genus Gyroidina d r0rbigny, 1826

Gyroidina? aff. G? depressa (Alth)
PI. 2, figs. la-e 

Rotalina depressa Alth,, 1850, p. 226, PI. 13* fig. 21.

Gyroidina depressa (Alth), Loetterle, 1937:? p. 42, PI. 6,
figs. 7a-c; Cushman, 1946, p. 139-i^0:? PI. 58, figs.
1-4; Bolin, 1952, p. 52-53^ PI. 3, figs. 15a-c;
Frizzell, 195^ p. 123 ̂ PI. 18, figs. 36a-c.
Test small, closely coiled, umbilicate, trochospiral, 

periphery rounded,, slightly lobate, all chambers visible on 
spiral side,, only chambers of final whorl visible on um
bilical side, umbilicus narrow; chambers slightly inflated, 

numerous, 8 in final whorl, increasing gradually in size; 
sutures slightly depressed, curved backward on spiral side,
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gently curved to radiate on umbilical side giving a wedge- 

shaped appearance to chambers; surface texture and aperture 

indistinct.

Figured hypotype is 0.21 mm in diameter and 0.09 mm 

thick.
Remarks. This species is questionably placed in the genus
Gyroidina in accordance with the authors cited in the
synonomy. Loeblich & Tappan (1964, p. C750) state that

Gyroidina has a short slitlike, primary interio- 
marginal aperture near the midline of the aper- 
tural face, and a secondary aperture opening from 
the chamber into the umbilicus partially covered 
by an arched umbilical flap. Gyroidinoides has a 
single more extensive interiomarginal aperture 
extending from the periphery along the entire mar
gin of the chamber to the umbilicus. It is partly 
covered by an umbilical chamber extension, but the 
umbilical flaps do not attach below, and the 
apertural opening is continuous beneath the flap.

Details of the apertural region were not preserved on the 

specimens recovered from the Niobrara Formation at Pueblo.

It is felt that examination of the apertural area on better 
preserved specimens may necessitate the reassignment of this 

species to the genus Gyroidinoides.
The specimens present at Pueblo, while having the over

all characteristics of Gyroidina depressa (Alth), do not 
have 10-12 chambers in the final whorl as stated in the
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original description of that species. Instead, the final 

whorl is consistently made up of 8 chambers, and this 
difference may be determined to constitute a new species. 
Occurrence. Gyroidina? aff. G.? depressa was found in small 
numbers and was limited to the lower 20 feet (6 m) of the 
Smoky Hill Member, Niobrara Formation at Pueblo, Colorado.
Loetterle (1937) reported it as being quite rare in the Fort
Hays Member, Niobrara Formation in Kansas,, Nebraska, and South 
Dakota. Bolin (1952) found a trace occurrence of this species 
in the Fort Hays Member,, Niobrara Formation of southeastern 
South Dakota. It has also been reported from the Austin,, 
Taylor, and Navarro Groups in the Gulf Coast area of the 

United States.
Hypotype. Figured hypotype from SW SE NE sec. 32, T. 20 S.,

R. 65 N., Smoky Hill Member, Niobrara Formation, sample B-45.

Deposited in Colorado School of Mines Museum, Golden,

Colorado. Hypotype 2342.

Gyroidina? lenticula (Reuss)
PI. 2, figs. 2a-e 

Rotalina lenticula Reuss, 1845, p. 35j> ?!• 12, fig. 17* 
Gyroidina lenticula (Reuss), Morrow, 1934, p. 197-198,

PI. 30, figs. 5a-c.
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Test small5 closely coiled,, umbilicate5 trochospiral,, 

all chambers visible on spiral side,, only chambers of final 

whorl visible on ■umbilical side,, periphery rounded., umbilicus 

narrow; chambers few., 6-7 in final whorl,, slightly inflated; 
sutures very slightly depressed,, becoming more depressed in 

later chambers,, gently curved backward,, nearly straight and 
radiate on umbilical side and extending to a narrow umbili
cus giving chambers a wedge-shaped appearance; surface tex
ture and aperture indistinct.

Figured hypotype is 0.17 mm in diameter and 0.08 mm 
thick.
Remarks. This species is assigned to the genus Gyroidina in- 

accordance with Morrow (193̂ -) • The detail in the apertural 
area was not preserved in the specimens recovered from the 
Niobrara Formation at Pueblo and it is possible that this 

species should be reassigned to the genus Gyroidinoides [see 

remarks for Gyroidina? aff. G? depressa (Alth)]. Details of 

the apertural areas included in the descriptions from the 

synonomy are too vague to determine the correct generic 
assignment.

This species is readily distinguished from Gyroidinoides 

nitidus (Reuss) by Gyroidina lenticulaT s sharper periphery
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and thinner profile.
Occurrence. This species was limited to the lower 20 feet 
(6m) of the Smoky Hill Member, Niobrara Formation at Pueblo 

were it occurs in moderate numbers. It was found by Morrow 

(1934) to be limited to the basal Niobrara Formation in 

Kansas.
Hypotype. Figured hypotype from SW SE NE sec. 32, T. 20 

R. 65 W.5 Smoky Hill Member, Niobrara Formation, sample B-47 • 
Deposited in Colorado School of Mines Museum, Golden, 

Colorado. Hypotype 2343.

Family OSANGULARIIDAE Loeblich & Tappan, 1964 
Genus Globorotalites Brotzen, 1942

Globorotalites elkensis Kent 

PI. 3̂  tigs, la-e 
Globorotalites elkensis Kent, 1967., p. 14515 PI. 184, figs. 

5a-c, 6a-c.
Test trochospiral, planoconvex, spiral side gently to 

moderately concave, umbilical side highly convex, umbilicus 

shallow and open; periphery sharp or acutely rounded, sides 

gently convex; chambers high, curved, increasing gradually in 

size, latest chambers tend to be slightly inflated, 7-8 in 

final whorl; sutures indistinct, curved, depressed on
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umbilical side, very slightly depressed on spiral side; 

surface texture not preserved; aperture indistinct.
Greatest diameter of figured hypotype 0.26 mm; thick

ness 0.15 mm.
Remarks. This species is distinguished from Globorotalites 
subconicus (Morrow) by Or. elkensis* shallower umbilicus and 

convex rather than concave walls. Gr. umbilicatus (Loetterle) 
has a lower umbilical side, broader umbilicus, and may have 

more chambers in the final whorl (8-9) than Or. elkensis. 

Occurrence. Globorotalites elkensis is an important portion 

of the benthonic microfauna in the upper 15 feet (5 m) of the 
Fort Hays Member and in the lower 20 feet (6m) of the Smoky 

Hill Member,, Niobrara Formation at Pueblo. It was first de
scribed by Kent from the lower Niobrara-equivalent portion 
of the Mancos Shale in Garfield County,, Colorado.
Hypotype. Figured hypotype from SW SE NE sec. 32, T. 20 S., 

R. 65 W., Smoky Hill Member., Niobrara Formation, sample B-45. 
Deposited in Colorado School of Mines Museum, Golden., 
Colorado. Hypotype 2344.

Globorotalites subconicus (Morrow)

PI. 35 figs. 2a-e 
Globorotalia subconica Morrow, 1934, p. 200-201., PI. 30,
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figs. lla-c, 18; Loetterle, 1937. p. 43. PI. 6, figs. 

lOa-c; Cushman, 1946, p. 153. PI. 63  ̂ fig. 4. 
Globorotalites subconicus (Morrow), Frizzell, 1954. P« 130, 

PI. 20, figs. 32a-c; Kent, 1967. p. 1451. PI. 184, 
figs. 7a-c.
Test planoconvex, trochospiral, spiral side slightly 

convex or flat, umbilical side high, most specimens have a 
deep narrow umbilicus; sides flat to gently concave giving 
test appearance of a truncated cone; periphery sharp to 
acutely rounded; chambers high, increasing gradually in size, 

6-9 in final whorl; sutures indistinct, gently curved, very 
slightly depressed on spiral side, depressed on umbilical 

side; surface texture and aperture indeterminable.

Greatest diameter of figured hypotype 0.21 mm; 

thickness 0.10 mm.
Remarks. Most specimens recovered do not show the deep um
bilicus typical of Globorotalites subconicus due to poor 
preservation. Assignment to this species was based primarily 

on the presence of slightly concave walls and overall test 

shape.
Occurrence. This species is present in small numbers in the 

upper 15 feet (5 in) of the Fort Hays Member, and in the
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lower 15 feet (5 m) of the Smoky Hill Member, Niobrara 

Formation at Pueblo. Kent (1967) reported it from the lower 
part of the Niobrara-equivalent portion of the Mancos Shale

in northwestern Colorado. It was found in the Fort Hays

Member, Niobrara Formation over wide areas of Kansas, 

Nebraska, and South Dakota by Loetterle (1937). In the Gulf 
Coast area of the United States it has been reported from the 
Austin and Taylor Groups.
Hypotype. Figured hypotype from SW SE NE sec. 32, T. 20 S., 
R. 65 Smoky Hill Member, Niobrara Formation, sample B-45. 
Deposited in Colorado School of Mines Museum, Golden,, 
Colorado. Hypotype 2345.

Globorotalites umbilicatus (Loetterle)

Globorotalla umbilicata Loetterle, 1937j> p. 43, PI. 6, figs. 

9a-c; Cushman, 1946, p. ±33 > PI. 63, fig. ±1 Bolin,
1952, p. 60-61, PI. 4, figs. 8a-c.

Globorotalites umbilicatus (Loetterle), Frizzell, 1954,

p. 130, PI. 20, figs. 33a-c; Kent, 1967* p. 1451-1452, 
PI. 184, figs. 8a-c.

Test trochospiral, low, broad, flat to slightly concave 

on spiral side, convex on umbilical side, umbilicus broad 

and shallow; periphery lobate and sharp or acutely rounded;
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sides gently convex; chambers narrow, curved, low, increasing 

gradually in size, last formed may be slightly inflated, 8-9 

in final whorl; sutures strongly curved, very slightly de
pressed on spiral side, depressed on umbilical side; surface 
texture and aperture indistinct.

Hypotype is 0.25 mm in diameter and 0.08 mm thick.

Remarks. This species is distinguished from Globorotalites 

elkensis and G. subconicus by its low profile, strongly curved 

sutures, broad shallow umbilicus, and more lobate periphery. 
Occurrence. A few specimens of this species were recovered 
from the Fort Hays Member, and from the lower 20 feet (6 m) 
of the Smoky Hill Member, Niobrara Formation at Pueblo. Kent

(1967) reported the species present in the lower part of the 
Niobrara Formation in eastern Larimer County, Colorado and as 
questionably present in the lower beds of the Niobrara- 
equivalent portion of the Mancos Shale in northwestern 
Colorado. Loetterle (1937) found the species in the Fort Hays 
Member, Niobrara Formation in South Dakota, Nebraska, and 
Kansas. Bolin (1952) reported it from the Fort Hays Member 
and occasionally from the Smoky Hill Member, Niobrara 

Formation in southeastern South Dakota. It is present in 

the Austin and Taylor Groups in the Gulf Coast area of the



T-1527 111

United States.

Hypotype. Hypotype recovered from SW SE NE sec. 32, T. 20 S 
R. 65 VT., Smoky Hill Member,, Niobrara Formation, sample B-45 

Deposited in Colorado School of Mines Museum, Golden., 
Colorado. Hypotype 2346.

Genus Gyroidinoides Brotzen, 1942

Gyroidinoides nitidus (Reuss)

PI. 2, figs. 3a-e 

Rotalina nitida Reuss, 1845, p. 35, PI. 12, figs. 8, 20. 

Gyroidina nitida (Reuss), Morrow, 1934 , P* 197, PI. 30, figs 

la-c; Loetterle, 1937, p. 42-43, PI. 6, figs. 8a-c; 
Cushman, 1946, p. l4o, PI. 58, fig. 5i Bolin, 1952, 
p. 53, PI. 3, figs. l6a-c.

Gyroidinoides nitidus (Reuss), Loeblich & Tappan, 1964, p. 

0753, fig* 615-616; Sliter, 1968, p. 121, PI. 22, fig. 

7*
Test subglobular, trochospiral, closely coiled, spiral 

side slightly convex, umbilical side strongly convex with a 
small, deep umbilicus which is usually filled; periphery 
broadly rounded; chambers slightly inflated, increasing 

gradually in size, 6 in final whorl, final chamber somewhat
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higher and extending toward umbilicus; sutures slightly de

pressed, radial on spiral side, gently curved on umbilical 

side; aperture and surface texture indistinct.

Figured hypotype is 0.28 mm in diameter and 0.23 mm 
thick.

Remarks. This species is readily recognized by the few 
chambers in the final whorl (6) and by its subglobular over
all shape. It differs from Gyroidina lenticula in that G. 
lenticula Is considerably thinner in profile.
Occurrence. This species has been recognized in limited 
numbers in the lower 20 feet (6m) of the Smoky Hill Member, 

Niobrara Formation at Pueblo. A questionable occurrence was 
noted from the interval between 452-462 feet (138 m-l4l m) 

above the base of the Niobrara Formation at Pueblo. Morrow 

(1934) reported that this species is moderately common in 

the basal Niobrara Formation in Kansas. Loetterle (1937) 
found the species to be almost everywhere present in the Fort 
Hays Member, Niobrara Formation in Kansas, Nebraska, and 
South Dakota and stated uIt seems to be an excellent marker 
for the Fort Hays, but is so small that it may easily be 

overlooked in a sample." Bolin (1952) recognized the species 

in the Niobrara Formation of southeastern South Dakota and
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found it to be restricted to the Fort Hays Member. Sliter

(1968) found CL nitidus in the Rosario Formation in southern 

California and northwestern Baja California. In Texas it 

has been reported from the Austin Chalk.
Hypotype. Figured hypotype from SW SE NE sec. 32, T. 20 S., 
R. 65 W., Smoky Hill Member, Niobrara Formation, sample B-47 
Deposited in Colorado School of Mines Museum, Golden, 

Colorado. Hypotype: 23^7-

Family ANOMALINIDAE Cushman, 1927 

Subfamily ANOMALININAE Cushman, 1927 
Genus Gavelinella Brotzen, 1942

Gavelinella kansasensis (Morrow)

PI. 3, figs. 3a-e 

Planulina kansasensis Morrow, 1934, p. 201, PI. 30, figs. 2, 

12, 15; Loetterle, 1937^ p. 49* PI. 8, fig. 2; Cushman, 
1946, p. 157, PI. 64, fig. 12; Bolin, 1952, p. 62, PI. 
4, figs. lOa-c; Frizzell, 1954., p. 132, PI. 21, fig. 16 

Gavelinella kansasensis (Morrow), Kent, 1967.? p. 1452-1453^ 
PI. 184, figs. 9a_c .
Test small, compressed, nearly planispiral; periphery 

rounded, slightly lobate; chambers numerous, 8-11 in final
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whorl, slightly inflated, all chambers visible on spiral side, 

umbilical side showing varying numbers of chambers depending 
on degree of involution which is never complete, chambers 
increase gradually in size; sutures depressed, gently curved 
toward initial portion; surface texture and aperture obscure.

Figured hypotype is 0.18 mm in diameter and 0.05 mm 
thick.
Remarks. This species is extremely difficult to differen
tiate from Gavelinella talaria (Nauss) in the specimens re
covered at Pueblo. Distinction is based on the thickness of 
the test alone. G. kansasensis has a proportionally thinner 
test than G_. talaria.
Occurrence. This species was recovered with certainty from 

the Fort Hays Member and lower 5 feet (1.5 m) of the Smoky 
Hill Member, Niobrara Formation at Pueblo. Questionable oc

currences were noted between 60-90 feet (18 m-27 m) above the 
base of the Niobrara Formation. Kent (1967) found the spe
cies in the lower portions of all Niobrara-equivalent sec
tions of Mancos Shale which he studied in northwestern 
Colorado. Morrow (1934) originally described the species 
from the lower beds of the Niobrara Formation in Kansas and 

Loetterle (1937) found the species throughout the Niobrara 

Formation in Kansas, Nebraska, and South Dakota. Bolin
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(1952) found it in considerable numbers in the Fort Hays 

Member in southeastern South Dakota and questionably assigned 

some specimens from the upper portion of the Smoky Hill 

Member to this species. CL kansasensis has also been found 

in the Austin Group in the Gulf Coast area of the United 

States.
Hypotype. Figured hypotype from SW SE NE sec. 32., T. 20 S., 
R. 65 W., Smoky Hill Member, Niobrara Formation^ sample B-39* 
Deposited in Colorado School of Mines Museum., Golden., 

Colorado. Hypotype: 23^8.

Gavelinella talaria (Nauss)

PI. 3  ̂ figs. 4a-e 
Anomalina talaria Nauss, 19̂ -7* P* 33^-PI* -̂8, figs. 11., 12. 
Anomalinoldes talaria (Nauss)., Tappan., 1962  ̂ p. 200., PI. 58, 

figs. 6-10.

Gavelinella talaria (Nauss)., Kent, 19^7^ p* 1453-1^-5^
PI. 184, figs. lOa-c.
Test small., nearly planispiral, compressed; periphery 

rounded, slightly lobate; chambers numerous, 8-10 in final 

whorls increasing gradually in size, all chambers visible on 

spiral side, umbilical side more nearly involute and earliest 
chambers not visible, umbilicus narrow; sutures distinct.,
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gently curved,, radially arranged,, slightly depressed; sur

face texture and aperture obscure, on some specimens hint of 

a long low aperture extending from periphery toward umbilicus.
Figured hypotype is 0.18 mm in diameter and 0.09 mm 

thick.
Occurrence. This species is present in all units of the 

Niobrara Formation studied at Pueblo. It is most common, 

however,, in the Fort Hays Member and the lower 20 feet (6 m) 

of the Smoky Hill Member. It was found by Kent (1967) from 
throughout the Niobrara-equivalent portion of the Maneos 

Shale in northwestern Colorado. Nauss (19^7) originally de
scribed the species from the Lea Park Shale in the area of 
Vermilion,, Alberta. Tappan (1962) reported it from the 
Sentinel Hill Member and the Barrow Trail Member of the 
Schrader Bluff Formation on the Artie Slope of Alaska.
Hypotype. Figured hypotype from the SW SE NE sec. 32,, T. 20 
S.., R. 65 W.j Fort Hays Member^ Niobrara Formation,, sample 
B-21. Deposited in the Colorado School of Mines Museum, 
Golden^ Colorado« Hypotype: 23^9.
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Fig.

Fig. 2

Fig. 3

Fig. 4

Fig. 5

Fig. 6

Fig. 7

EXPLANATION OF PLATE 1

- Spiroplectammina sp. X70; a, frontal view; X26;
bj camera lucida tracing - transmitted light, 
frontal view.

- Pleurostomella austiniana Cushman?. X115;
a, frontal view; X47; b ; camera lucida tracing - 
transmitted lights frontal view.

- Neobulimina canadensis Cushman & Wickenden. Hypo
type (CSMM 2333) j? X115; a, frontal view; X50;
bj camera lucida tracing - transmitted light; 
frontal view.

- Neobulimina irregularis Cushman & Parker. Hypo- 
type (CSMM 2334), X85; a, frontal view; X35j>
bj camera lucida tracing - transmitted light, 
frontal view.

- Praebulimina ovulum (Reuss). Hypotype (CSMM 2335) jj 
X135j a, frontal view; X65; b; camera lucida 
tracing - transmitted light,, side view

- Praebulimina prolixa (Cushman & Parker). Hypo- 
type (CSMM 2336):, X127; a, frontal view; X58;
b, camera lucida tracing - transmitted light, 
frontal view.

- Valvulinaria plummerae Loetterle. Hypotype (CSMM 
2337), X182; a, spiral view; b, umbilical view;
c, peripheral view; X64; d, camera lucida tracing - 
transmitted light, spiral view; e, camera lucida 
tracing - transmitted light, umbilical view.
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Fig. 1

Fig. 2

Fig. 3

Fig. 4

Fig. 5

EXPLANATION OF PLATE 2

- Gyroidina? aff. G.? depressa (Alth). Hypotype 
(CSMM 2342) ,, XI67; spiral view; b,, umbilical 
view; c, peripheral view; X71; d5 camera lucida 
tracing - transmitted light5 spiral view; e 3 
camera lucida tracing - transmitted light5 
umbilical view.

- Gyroidina? lenticula (Reuss). Hypotype (CSMM 2343):, 
X 206;a, spiral view; b 5 umbilical view; c, pe
ripheral view; X88; d̂  camera lucida tracing - 
transmitted light5 spiral view; e, camera lucida 
tracing - transmitted light,, umbilical view.

- Gyroidinoides nitidus (Reuss). Hypotype (CSMM
2347)5 X107; a, spiral view; b, umbilical view; c3 
peripheral view; X54; camera lucida tracing - 
transmitted light5 spiral view; e, camera lucida 
tracing - transmitted light5 umbilical view.

- Bifarina geneae (Morrow). a, Hypotype (CSMM 2338)3 
X105., frontal view; b 5 paratype (CSMM 2339) 5 X12Q, 
frontal view; c, camera lucida tracing - transmitted 
light5 X45 hypotype; d5 camera lucida tracing - 
transmitted light,, X̂ 6} paratype.

- Cassidella tegulata (Reuss). Hypotype (CSMM 2341),, 
Xll4; a, frontal view,, X48; b, camera lucida 
tracing - transmitted lighta frontal view.
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Fig. 1

Fig. 2

Fig. 3

Fig. 4

EXPLANATION OF PLATE 3

- Globorotalites elkensis Kent. Hypotype (CSMM 2344)3 
X125; a, spiral view; b 5 umbilical view; c, pe
ripheral view; X54; d, camera lucida tracing - 
transmitted light., spiral view; e, camera lucida 
tracing - transmitted light,, umbilical view.

- Globorotalites subconicus (Morrow). Hypotype (CSMM 
2345)5 X 148; a, spiral view; b, umbilical view; c, 
peripheral view; X67; d., camera lucida tracing - 
transmitted light,, spiral view; e, camera lucida 
tracing - transmitted lights umbilical view.

- Gavelinella kansasensis (Morrow). Hypotype (CSMM
2348)j XI67; a, spiral view; b, umbilical view; c, 
peripheral view; X78; d,, camera lucida tracing - 
transmitted lights spiral view; e, camera lucida 
tracing - transmitted light., umbilical view.

- Gavelinella talaria (Nauss). Hypotype (CSMM 2349)5 
Xl6l; a, spiral view; b, umbilical view; c, pe
ripheral view; X83; d,, camera lucida tracing - 
transmitted light,, spiral view; e, camera lucida 
tracing - transmitted light., umbilical view.



T-1527 122


