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PLANKTONIC FORAMINIFERA FROM THE
COMANCHEAN SERIES (CRETACEOUS) OF TEXAS

Fouap Yousry MICHAEL

University of Texas at Dallas

ABSTRACT

A study of the Comanchean planktonic foraminifera
from the Washita Group of North Central Texas indi-
cates that the Albian portion of the Washita Group can
be subdivided into the Favusella washitensis Assem-
blage Zone and three subzones: the Hedbergella im-
plicata Subzone, the H. punctata Subzone, and the H.
delrioensis Subzone. The early Cenomanian portion of
the Washita Group is included in the Rotalipora s.s.
Assemblage Zone, Rotalipora evoluta Subzone.

A new genus, Favusella, is proposed to include all

species with cancellate ornamentation, once known as
Globigerina washitensis Carsey, and later included in
the Genus Hedbergella by Loeblich and Tappan. Twelve
new species are described.

The problem of the Albian-Cenomanian boundary is
discussed. The writer agrees with Renz, et al. (1963,
1965) and Pessagno (1969) in regarding the Vraco-
nian as the uppermost substage of the Albian and
thence the top of the Lower Cretaceous.

INTRODUCTION

This paper deals with the stratigraphic distribution
of planktonic foraminifera from the Comanchean Series
(Lower Cretaceous) of North Central Texas. A de-
tailed system of zonation is presented to facilitate the
correlation of these strata with those in the European
type area. This is the first comprehensive study of
planktonic foraminifera from the Comanchean Series
of Texas. To date, most of the literature dealing with
the microfossils of the Comanchean strata focused on
the benthonic foraminifera.

The system of zonation proposed herein has been
integrated with that of the ammonites. Hopefully, it
will offer a biostratigraphic framework that can be
utilized to study other groups of fossils.

GEOLOGIC SETTING

The Cretaceous of Texas is divided into two series:
the Gulfian Series and the Comanchean Series. The
Comanchean Series includes a significant portion of
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the Cretaceous of Texas. Comanchean deposits crop
out across the central portion of the state from its
northern boundary (Cook County) and extend to
trans-Pecos Texas nearly to El Paso (text fig. 1).
Southward, Comanchean strata can be traced in the
subsurface to depths beyond the reach of the drill.

In recent years numerous investigators (e.g. Sellards
et al., 1932, Lozo, 1944, 1949, 1959, Young, 1959,
Perkins, 1960, and Hendricks, 1967) have focused
their study on the geology of North Central Texas.

The deposits examined in this report include those
of the Trinity, Fredericksburg and the Washita Groups.
The Trinity Group includes the Bluff Dale, Glen Rose
and the Paluxy Formations (from oldest to youngest).
The Fredericksburg Group includes the Wainut Marl,
the Goodland Formation and the Kiamichi Formation.
The Washita Group includes the Duck Creek, Fort
Worth, Denton, Weno, Pawpaw, Main Street, and the
Grayson Formations. Thicknesses and lithological
characteristics of these formational units are sum-
marized in text fig. 2. On the basis of lithic char-
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Simplified map showing the Lower Cretaceous outcrop in
Texas.

acteristics and faunal content of these formations in
the North-Central Texas area an inner neritic environ-
ment is indicated for the Washita Group, while a more
near shore (shallow-neritic to littoral) environment is
indicated for both the Fredericksburg and Trinity
Groups. The reader is referred to Perkins (1960)
and Murray (1961) for detailed discussion of the
lithostratigraphy of the Comanchean.

METHOD OF STUDY

Over 400 samples were collected at 21 localities in the
North Central Texas area from Comanchean forma-
tions. Sample intervals were generally a maximum
of five feet. However, in cases of rapid lithofacies
changes, samples were often taken at intervals as close
as a few inches apart. The procedure given by Pessagno
(1967, p. 375) for processing samples was used.
Selected specimens were mounted on plugs, shadow
coated with carbon and then with gold-paladium, utiliz-
ing a Denton DV-502 vacuum evaporator. Ultimately,
specimens were examined by means of JEOLCO-JSM-1
Scanning Electron Microscope.

The preservation of the planktonic foraminifera in
the area of study was generally poor. Illustrated fossils
in plates 1-7 are from seven localities only where the
preservation was good enough.

The holotypes and the paratypes have been deposited
at the U. S. National Museum, Washington, D. C. An
additional set of paratypes is at the University of Texas
at Dallas, Pessagno Collection.
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ZONATION OF THE COMANCHEAN STRATA

A summary of the proposed system of zonation and
the stratigraphic distribution of the different foraminif-
eral species is shown in text fig. 3. The assemblage
zone and its subdivisions are used here in the sense
given by both the Code of Stratigraphic Nomenclature
(American Commission on Stratigraphic Nomenclature,
1961, pp. 655-657) and in Stratigraphic Classification
and Terminology (International Subcommission on
Stratigraphic Terminology, 1961, pp. 7-38). Two
zones with four subzones can be recognized within
Comanchean strata. These are (from oldest to young-
est): the Favusella washitensis Assemblage Zone with
three subzones: the Hedbergella implicata, H. punctata
and H. delrioensis Subzones (late Albian) and the
Rotalipora s.s. Assemblage Zone, Rotalipora evoluta
Subzone (ecarly Cenomanian). The relation of these
zones to zonations of other workers is shown in text
fig. 4.

THE FAVUSELLA WASHITENSIS ASSEMBLAGE ZONE

The Favusella washitensis Assemblage Zone (middle
to late Albian) is characterized chiefly by species of
Favusella, n. genus, together with Hedbergella punctata,
n. sp., H. implicata, n. sp., and H. delrioensis (Carsey)
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TEXT FIGURE 3

Stratigraphic distribution of Globigerinacea in the Comanchean Series and zonal framework for North Central Texas.

which distinguish three subzones. The lower limit
of this zone is marked by the first appearance of the
F. washitensis (Carsey), while the upper limit occur
below the first occurrence of keeled trochospiral
Globigerinacea. Bolli (1957, p. 58) first used the term
Globigerina washitensis Zone and assigned it to middle
to carly Cenomanian age (text fig. 3). The Fredericks-
burg Group and most of the Washita Group (up to and
including the lowest part of the Grayson Formation)
occur in this assemblage zone.

Co-type Localities: There is no one locality where
the entire assemblage zone can be found. Localities
Tex 2, Tex 4, Tex 6, Tex 7, Tex 8, and Tex 11 represent
a composite section including this assemblage zone
(text figs. 5, 6 and 7).

THE HEDBERGELLA IMPLICATA SUBZONE

This is the lowest subzone in the Favusella washitensis
Assemblage Zone. It is characterized by an assemblage

TEXT FIGURE 2

Generalized composite section of the Comanche Series in North Central Texas.
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TEXT FIGURE 3

Foraminiferal assemblage of locality Tex 1.

including F. scitulg, n. sp., F. pessagnoi, n. sp., Hed-
bergella pseudotrocoidea, n. sp., H. punctata, n. sp.,
and H. intermedia, n. sp., H. implicata, n. sp., Globiger-
inelioides tumidus, n. sp., and G. texomaensis, n. sp.
All of these species make their first appearance at the
base of the H. implicata Subzone; the last three species
make their final appcarance at the top of this subzone,
The Duck Creek Formation and the marly fossiliferous
upper part of the Kiamichi Formation occur in this
subzone.

TEXT FIGURE 4

Correlation chart showing the zonation of the Albian by dif-
ferent investigatars,
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TEXT FIGURE 6

Foraminiferal assemblage of localities Tex 6, 7, and 13.

Co-type localities: Duck Creek and Kiamichi Forma-
tions, Westover Hills, Fort Worth, Tarrant County.
Localities Tex 6, and Tex 7 (text fig. 6).

THE HEDBERGELLA PUNCTATA SUBZONE

The H. punctata Subzone is characterized by an
assemblage including Hedbergella punctata, n. sp., H.
pseudotrocoidea, n. sp., Favusella pessagnoi, n. sp., and
Ticinella primula Luterbacher. All of these species
make their final appearance in the H. punctata Sub-
zone. Favusella nitida, n. sp., and F. quadrata, n. sp.,
tend to be rare in this subzone. The Denton and Fort
Worth Formations occur within this subzone in the
North Central Texas area.

Type locality: A complete section of the Fort Worth
and Denton Formations is exposed 2 miles east of
Justin, Denton County, locality Tex 4 (text fig. 7).
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TEXT FIGURE 7

Foraminiferal assemblage of localities Tex 3 and Tex 4.

THE HEDBERGELLA DELRIOENSIS SUBZONE

Species characterizing this subzone are H. delrioensis
(Carsey), H. planispira (Tappan), Favusella washi-
tensis (Carsey), and F. hiltermanni Loeblich and
Tappan. Species characteristic of the R. evoluta Sub-
zone above and H. punctata Subzone below are absent.
This is the upper-most subzone of the Albian portion
of the Comanchean Series. It includes the Weno,
Pawpaw, Main Street and the lowermost part of the
Grayson Formation.

Co-type Localities: A composite section representing
the subzone occurs at the following localities: Tex 10,
Tex 2 (Cook County) and Tex 1 (Denton County)
(text fig. 5).
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THE ROTALIPORA $.8. ASSEMBLAGE ZONE

The definition of this zone given by Pessagno (1969,
pp. 7-8) is followed herein. This zone of early Ceno-
manian age is characterized mainly by species of
Rotalipora s.5. Pessagno (1969, p. 8) subdivided this
zone into two subzones, a lower R, evoluta Subzone and
an upper R. cushmani-greenhornensis Subzone. Most
of the Grayson Formation is included in the lower part
of the R. evoluta Subzone.

BIOSTRATIGRAPHY QF THE
COMANCHEAN SERIES

A primary objective of this study was to cstablish
a system of planktonic foraminiferal zonation and
integrate this system of zonation with that of the
ammonites, There are two basic problems that greatly
influence any attempt at correlating the Lower Cre-
taccous strata of North Central Texas with those in the
type European area: 1) The type sections in Europe
arc poorly defined and 2} The planktonic foraminifera
and their stratigraphic distribution in the type areas
are not well documented.

These two problems were discussed in detail by
different authors during the “Collogue sur Ie Crétacé
Inférieur” which was held in Lyon, September 1963.
A resume of the results and discussions of this collo-
quium was given by Collignon (1963, pp. 292-297).
In almost all of these publications the zonation of the
Lower Cretaceous was based primarily on ammonites
and virtually no attempt was made to intcgrate the
ammonite zones with foraminiferal zones. Furthermore,
no planktonic foraminiferal zonation was proposed for
the Lower Cretaceous. In his conclusions and dis-
cussions of the colloquium, Collignon (1965, pp. 313-
318), indicated the Albian should be subdivided into
lower, middle, and upper divisions. The Lower Albian
was subdivided into a lower Levmeriella tardefurcata
Zone and an upper Douvilleiceras mammillatum Zone.
The middle Albian was subdivided into two zones, a
lower Hoplites dentatus-Lyelliceras Ivelli Zone, and an
upper Euhoplites lautus or E. nitidus Zone. The upper
Albian was subdivided, in ascending order, into three
zones: Dipoloceras cristatum, Mortoniceras inflatum
and Stoliczkaia dispar. The uppermost zone, that of
Stoliczkaia dispar, was considered ecquivalent to the
Vraconian. The independent character of the fauna of
the Vraconian was not questioned by the colloguium,
but it was considered dangerous to give it separate
stage status as it might further confuse the definition
of the Albian sensu strictie. Because the colloquium on
the Upper Cretaceous (Colloque sur le Crétacé Supérieur
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Francais, Paris, 1959), considered the Cenomanian to
be the lower most stage of the Upper Cretaceous, it was
the decision of the colloquium on the Lower Cretaccous
to consider the Vraconian as defined by Rencvier o be
part of the Upper Albian Stoliczkaia dispar Zone

A resume of the decisions of the colioquium by Sigal
{1963, pp. 293-296) showed the necessity of organizing
a commission to study in detail the type sections of
not only the Albian, but also the Berriasian-Barremian.
In 1963 Sigal (p. 294) presented a foraminiferal dis-
tribution chart in which he included the range zones
of various foraminiferal species and in which he men-
tioned that the tabulation of these range zones was a
function of the zones adopted in the conclusions of the
colloquium. This chart was compiled by Sigal and
Moullade. Later Sigal (1965b, p. 500) recorded the
distribution of the Lower Cretaceous Foraminifera of
France and other countries. There is a difference be-
fween the two charis in the range zoncs of some species
(text fig. 4), It is intresting to note that in thce resumc
of the colloquium (Sigal, 1963, p. 296) the Upper
Albian was subdivided, in ascending order, into the
following zones: Dipoloceras cristatum, Mortoniceras
inflatum, Stoliczkaia blancheri and 5. dispar (zone of
“Mortoniceras™ perimflatum). The last two zones, S.
blancheti Zone and S. dispar Zone, correspond to the
Vraconian.

The stratigraphy and paleontology of some Albian
and Cenomanian deposits in the Jura Mountains within
the Canton de Neuchitel (Western Switzerland} has
been discussed by Renz er al. (1963, pp. 1074-1083)
and is one of the few papcrs that combines both am-
monitc and foraminiferal zonation. These workers
followed the decisions of the colloquium and subdivided
the Albian into three substages that include four am-
monitc zones, the uppermost considered to represent
the Vraconian (text fig. 4), while the upper part of the
early Cenomanian Mantelliceras mantelll Zone includes
keeled torms (Rotalipora).

Later, Renz et al. (1965, p. 77) restudied the rich
fossiliferous deposits of the Vraconian stratotype near
ILa Vraconne, in the Canton de Vaud of the Swiss Jura
Mountains and compiled a faunal list that included
both ammonites and foraminifera. The Sroliczkaia
dispar zone (Vraconian) was considered of Albian age.
Among the foraminifcra recorded in the Vraconian
stratotype arc three species of Hedbergelln. Signifi-
cantly, no keeled trochospiral Globigerinacea were re-
ported. Howevcer, overlying lower Cenomanian strata
assignable to the Mantelliceras mantelli Zone contain
keeled trochospiral Globigerinacea, i.e. Rotalipora.
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A planktonic foraminiferal assemblage mainly of
Hedbergella and Ticinella species was recorded by
Moullade (1969, pp. 460-467). Not only did he
distinguish the Vraconian from the upper Albian, but
he subdivided it into upper and lower (text fig. 4).

After examining the European literature which men-
tions both the foraminiferal and ammonite assemblages
of Cenomanian strata, Pessagno (1969, p. 22) indi-
cated “. . . The base of the Rotalipora s.s. Assemblage
Zone corresponds more or less to the base of the Man-
telliceras mantelli Zone, and thus, to the Cenomanian-
Albian boundary. In North America, for example,
Sellards and others (1932, p. 395) note Subman-
telliceras (Cottreauites) and Adkinsia form the Gray-
son Formation. These ammonites are now regarded as
indices for the lower Cenomanian and certainly occur
within both the lower part of the Mantelliceras mantelli
Zone and the Rotalipora s.s. Assemblage Zone.”

A detailed ammonite zonation for the Fredericks-
burg Group was presented by Young (1966, pp. 13-
22). He placed the boundary between the upper
Albian and the lower Cenomanian at the top of the
Pervinquieria equidistans Zone (top of the George-
town Formation of South Central Texas). Later Young
(1967) presented correlation charts of the different
formations of the Comanchean Series throughout Texas
based on ammonite zonation. In the North Central
Texas area, he placed the upper Albian-lower Ceno-
manian boundary at the base of the Plesioturrilites
brazoensis Zone (Young, 1967, table 2, p. 67). This
zone includes the Main Street Formation which Young
(1967, table 8, p. 70) correlates with the upper portion
of the Georgetown Formation of South Central Texas
(text fig. 4).

A provisional correlation of Gayle Scott’s North
Central Texas Albian ammonite zones and similar zones
of Spath (1942) in England and of Breistroffer (1947)
in France was figured by Lozo (1943, pp. 1069-1075)
and shows the Stoliczkaia dispar and Turrilites bra-
zoensis of the Grayson and Main Street Formations
to be late Albian in age (text fig. 4). This is, in effect,
what the French colloquium on the Lower Cretaceous
decided.

It is clear now that the controversy centers around
the Stoliczkaia dispar Zone. Is it early Cenomanian in
age or late Albian in age? Or, in essence, should the
Vraconian be placed with the Cenomanian and the
Upper Cretaceous or with the Albian and the Lower
Cretaceous? The planktonic foraminiferal zonation
proposed by the writer (text fig. 4) and integrated
with the ammonite zonation presented by Young (1967,

p. 68) and Lozo (1943, p. 1070) for the North Central
Texas area indicates that the Stoliczkaia dispar Zone
should be of Albian age rather than Cenomanian. The
first appearance of the keeled trochospiral Globi-
gerinacea, e.g., Rotalipora, provides a good datum
point that can be taken both as lower limit of the
Cenomanian and the Upper Cretaceous. The first evo-
lutionary occurrence of keeled forms was found to be
at the lower portion of the Grayson Formation in the
area of study (text figs. 3 and 5). This is in agree-
ment with the findings of Pessagno (1969, p. 22) and
Renz et al. (1965, p. 77). The writer believes that the
boundary should be placed at a horizon delimited on
the basis of maximum faunal and floral change. The
final solution of the Upper Cretaceous-Lower Cre-
taceous boundary problem in North America, Eurasia
and elsewhere can only be reconciled through careful
deliberation by an international committee.

SYSTEMATIC PALEONTOLOGY

Order FORAMINIFERIDA

Superfamily GLOBIGERINACEA Carpenter,
Parker and Jones, 1892

Family HETEROHELCIDAE Cushman, 1927

Subfamily GUEMBELITRIINAE Montanaro
Gallitelli, 1957

Genus Guembelitria Cushman, 1933

Guembelitria harrisi Tappan
Plate 6, fig. 7

Guembelitria harrisi TAPPAN, 1940, p. 115, pl. 19, figs. 2a-b;
PEssagNo, 1967, p. 258, pl. 48, figs. 12, 13.

Remarks: This species is distinguished from G.
cretacea Cushman by the less inflated chambers, the low
arched aperture and the relatively more elongate test.

Range: Rotalipora s.s. Assemblage Zone (Ceno-
manian) to Favusella washitensis zone (Albian).

Occurrence: G. harrisi was noted in the Grayson
Formation. It is especially abundant in the middle part
of the Grayson. It is rare in Main Street and Kiamichi
Formations. Few specimens were recorded in the
Walnut and Goodland Formations of North Central
Texas.

Genus Gubkinella Suleymanov, 1955

Gubkinella graysonensis (Tappan)
Plate 1, figs. 1-3

Globigerina graysonensis TAPPAN, 1940, p. 122, pl. 19, figs.
15-17; 1943, p. 513, pl. 82, figs. 15a—c.
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Remarks: This species was originally described from
the Grayson Formation of Texas by Tappan (1940, p.
122). She recorded it again (1943, p. 513) from the
Duck Creek Formation (Locality HTL60) in Grayson
County, Tcxas.

Occurrence. In the present study, G. graysonensis
was relatively abundant in the Grayson Formation, rare
in the Duck Creek and extremely rare in the Goodland
and the Walnut Formations.

Genus Gumbelitriella Tappan, 1940
Gumbelitriclla graysonensis Tappan

Gumbelitriella graysonensis TapraN, 1940, p. 116, pl. 19, figs.
3a—c.

Remarks: This species was originally described by
Tappan (1940, p. 116) from the Grayson Formation of
north Texas. In the present study, it was found to be
rarc in the samples from the Grayson Bluff. It was not
recorded in units below the Grayson; it is probably
restricted to the R, evolufa Subzone,

Subfamily HETEROHELICINAE Cushman, 1927
Genus Heterohelix Ehrenberg, 1841

Heterchelix moremani {Cushman)
Plate 6, fig. 12

Guembeling moremani CusaMan, 1938, p. 10, pl. 2, figs. 1-3.
Heterohelix moremani (Cushman), PessagNo, 1967, p. 260,
pl. 48, figs. 10-11, pl. 89, figs. 1, 2.

Remarks: The specimens recorded here are close to
the holotype figured by Pessagno (1967, pl. 89, figs. 1,
2), from the Cushman Collection at the U. S. National
Muscum. Pessagno’s figures 10 and 11 of plate 48
from Britton Formation, Eagle Ford Group have more
inflated chambers and arc lcss clongate than the holo-
type.

Range: 1In this investigation, Heterohelix moremani
was recorded in the R. evoluta Subzone and the Favu-
sella washitensis Assemblage Zone.

Occurrence: H. moremani has been observed in the
Grayson, Main Street Formation and Kiamichi Forma-

tions. In the Denton, Walnut, and Goodland Forma-
tions it is extremely rare.

Family PLANOMALINIDAE Bolli, Loeblich,
and Tappan, 1957

Genus Globigerinelloides Cushman and
Ten Dam, 1948

Globigerinelloides bentonensis (Morrow)
Plate 1, figs. 4-6

Anomaling bentonensis Morrow, 1934, p. 201, pl. 30, figs.
4a,b.

Globigerinelloides bentonensis (Morrow), LoEBLICH and TAp-
PaN, 1961, p. 267, pl. 2, figs. 8§-10; PEssacNO, 1967, p.
275, pl. 76, figs. 10-11.

Range: Rotalipora s.s. Assemblage Zone.

Occurrence: This species is common in the Grayson
Formation. It was originally described from the Hart-
land Member of the Greenhorn Limestone of Kansas to
which a late Cenomanian age was assigned by Loeb-
lich and Tappan (1961, p. 268).

Globigerinelloides caseyi (Bolli,
Loeblich and Tappan)
Plate 1, figs. 7-9

Planomalina caseyi BorLi, LoEBLICH and TappaN, 1957, p. 24,
pl. 1, figs. 4a-5b.

Globigerinelloides caseyi (Bolli, Loeblich and Tappan), 1964,
Low, pp. 122-123; PEssacNo, 1967, p. 276, pl. 49, figs.
2-5.

Range: F. washitensis Assemblage Zonc to Rorali-
pora s.s. Assemblage Zonc.

QOccurrence: G. caseyi is rare in the Grayson and
Main Street Formations. However, it is common in
both the Duck Creek and Kiamichi Formations of
North Central Texas.

Loeblich and Tappan (1961, pp. 268, 269} re-
corded this specics as G. eaglefordensis {Moreman)
from the Gault of England, from the Blake Plateau
escarpment in submarine core A167-24, Lamont Geo-
logical Observatory, the Eagle Ford of Texas, and the
Grayson and Del Rio formations.

PLATE 1

1-3  Gubkinella graysonensis { Tappan)

Tex 1. Grayson Formation; Marker — 235 microns.
4-6 Globigerinelloides bentonensis (Morrow)

Tex 1. Grayson Formation; Marker = 100 microns.
7-9  Globigerinelloides caseyi (Bolli, Loeblich and Tappan)

Tex 1. Grayson Formation; Marker — 75 microns.
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10-12  Globigerinelloides tuwmidus n. sp.

Tex 13. Duck Creek Formation; Holotype: USNM
172783; Marker = 100 microns. Notice the
size of the last chamber relative to the size
of the test.




FOUAD YOUSRY MICHAEL PLATE 1

Journal of Foraminiferal Research, Volume 2, Number 4

Downloaded from http://pubs.geoscienceworld.org/cushmanfoundation/jfr/article-pdf/2/4/200/3021556/200.pdf
bv Natural Historv Museum user



FOUAD YOUSRY MICHAEL PLATE 2

Tournal of Foraminiferal Research, Volume 2, Number 4

Downloaded from http://pubs.geoscienceworld.org/cushmanfoundation/jfr/article-pdf/2/4/200/3021556/200.pdf
bv Natural Historv Museum user



COMANCHEAN PLANKTONIC FORAMINIFERA

Globigerinelloides texomaensis Michael, new species
Plate 6, figs. 9-11

Description:  Test medium sized, planispiral, in-
volute; five subglobular, fairly inflated chambers, in-
creasing gradually in size; last chamber compressed
laterally and protrudes to cover part of the narrow
umbilicus; peripheral outline lobulate; sutures distinct,
straight and radial; primary aperture a broad low interio-
marginal, equatorial arch, bordered above by a narrow
lip rarely preserved in its entirety.

Remarks: G. texomaensis, n. sp., is distinguished by
its lobulate compressed shape and the smoothness of
its last chamber that usually protrudes on both sides
covering part of the narrow umbilicus. This species
differs from both G. bentonensis (Morrow) and G.
caseyi (Bolli, Loeblich and Tappan) by having less
chambers in the last whorl (usually five) that increase
rapidly in size.

G. texomaensis, n. sp., derives its name from Lake
Texoma.

Dimensions: Diameter of Holotype 265u; thickness
145p; other specimens average 260p in diameter and
140 in thickness.

Type locality: Tex 13 Grayson County (sample
L..T.1); Duck Creck Formation.

Deposition of types: Holotype: USNM 172781,
Paratype: USNM 172782; Paratypes: F.M. 1; Pes-
sagno Collection, University of Texas at Dallas.

Range: Upper Albian, Favusella washitensis Assem-
blage Zone, Hedbergella implicata Subzone.

Occurrence: G. texomaensis, n. sp., is common in the
lower horizons of Duck Creek Formation and the upper
horizons of Kiamichi Formation.

Globigerinelloides tumidus Michael, new species
Plate 1, figs. 10-12

Description: Test medium sized, planispiral involute,
biumblicate; periphery rounded, peripheral outline lobu-
late; usually six subglobular chambers in last whorl
increasing gradually in size; last chamber exceptionally

large and oval; sutures distinct, depressed, straight and
radial; primary aperture a low interiomarginal equatorial
arch with a narrow broadening lip rarely preserved.

Remarks: This species is characterized by the in-
flated last chamber that is loosely connected to the rest
of the test; the lowly arched aperture, and the small
number of chambers in last whorl. The shape of the
last chamber and the absence of the circular configura-
tion of the test distinguish this species from both G.
benionensis (Morrow) and G. caseyi (Bolli, Loeblich
and Tappan).

G. tumidus, n. sp., derives its name from rumidus-
a-um (Latin) = swollen or inflated.

Dimensions: Diameter of Holotype = 3254, thick-
ness of Holotype = 120u. Other specimens (15) aver-
age 3304 in diameter and 125y in thickness.

Type locality: Tex 13 Grayson County (sample
L.T.Dc.4); Duck Creeck Formation.

Deposition of types: Holotype: USNM 172783;
Paratypes USNM 172784; paratypes F.M. 2; Pessagno
Collection, University of Texas at Dallas.

Range: Upper Albian, Favusella washitensis Assem-
blage Zone, Hedbergella implicata Subzone.

Occurrence: G. tumidus, n. sp., is common in the
Kiamichi and Duck Creek Formations of North Central
Texas.

Family SCHACKOINIDAE Pokorny, 1958
Genus Schackoina Thalmann, 1932
Schackoina primitiva Tappan
Schackoina primitiva TappaN, 1940, p. 123, pl. 18, fig. 14;

LoesLicH and TappaN, 1961, p. 272, pl. 1, fig. 1.
Remarks: This is an extremely rare species in the
Grayson Formation throughout Central and North Cen-
tral Texas.

Family ROTALIPORIDAE Sigal, 1958

Type genus: Rotalipora Brotzen, 1942.
Remarks: The emended definition given by Pessagno
(1967, p. 280) is herein followed.

PLATE 2

1-3  Hedbergella delrioensis (Carsey)
Tex 1. Grayson Formation; Marker = 100 microns.
4-6 Hedbergella implicata n. sp.

Tex 7. Kiamichi Formation. Holotype: USNM
172785; Marker = 100 microns. Notice the
overlapping chambers and the shape and size
of the last chamber.

7-9 Hedbergella intermedia n. sp.

Tex 7. Kiamichi Formation; Holotype: USNM
172787; Marker = 100 microns. Notice the
circular shape of the test and the gradual in-
crease in size of the chambers.

10-12  Hedbergella planispira (Tappan)

Tex 13. Duck Creek Formation, Marker = 100

microns,
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Subfamily HEDBERGELLINAE Loeblich
and Tappan, 1961

Genus Hedbergella Bronnimann and
Brown, 1958

Hedbergella delrioensis (Carsey)
Plate 2, figs 1-3

Globigerina cretacea d’Orbigny var, delrioensis CARSEY, 1926,
p. 43, no figures.

Glohigerina eretacea d’Orbigny, Tarpan, [940, p. 121, pl. 19,
fip. 11; 1943, p. 512, pl. 82, figs. 16, 17.

Hedbergella delrioensis (Carsey), LoepLicH and TAPPAN, 1961,
p. 275, pl. 2, figs. 11-13; PEssagNo, 1967, p. 282, pl. 48,
figs. 1, 2, 3-5.

Remarks: This specics was first described, without
a figure, by Carsey (1926, p. 43) from the Grayson
Formation of Travis County, Texas. The diagnosis
given by Pessagno (1967, p. 282-283) is followed
herein.

Range: F. washitensis Assemblage Zonc and R.
evoluta Subzone in the area of the study.

Occurrence: H. delricensis was found in all the
formations of the Washita Group and in the Kiamichi
Formation of the Fredericksburg Group in the North
Central Texas area. It has been reported in the Ceno-
manian of Trinidad and Cretaceous of Europe.

Hedbergella implicata Michael, new species
Plate 2, figs 4-6

Description: Test small; pores large relative to size
of test, widely separated and evenly distributed; very low
trochospire of three volutions of ovate chambers that
increase gradually in size as added; usually six over-
lapping chambers in the last whortl; last chamber large,
offset toward the umbilicus, sometimes, obscuring it
completely; sutures depressed, radial, slightly curved,
periphery lobulate, broadly rounded; primary aperture

interiomarginal, extraumbilical; remnants of porticus
often preserved.

Remarks: Hedbergella implicata, n. sp., is char-
acterized by its lobulate overlapping chambers. The
last four chambers are overlapping, and the ultimate
one is remarkably large. H. implicata, n. sp., is com-
pared to H. intermedia, n. sp., under the latter species.

H. implicata, n. sp., derives its name from implicatus-
a-um (Latin) = wrapped together or entangled.

Dimensions: Diameter of Holotype = 248,; thick-
ness — 90u. Mean diameter of 15 specimens = 230p;
mean thickness of 15 specimens = 85p.

Tvype locality: Tex 7 Fort Worth, Tarrant County
{sample K. 18); Kiamichi Formation.

Deposition of tvpes: Holotype: USNM 172785;
Paratypes: USNM 172786, Paratypes: F.M. 3; Pes-
sagno Collection, University of Texas at Dallas.

Range: Upper Albian, Favusella washitensis Assem-
blage Zone, Hedbergella implicata Subzone.

Occurrence. H. implicata, n. sp., is abundant in the
uppermost part of the Kiamichi Formation, and is com-
mon in the Duck Creck Formation. This species is
restricted to these two formations in the North Central
Texas area.

Hedbergella intermedia Michael, new species
Plate 2, figs. 7-9

Description:  Test small to medium; pores large
relative to size of test, widely separated and evenly
distributed over test surface; coiling relatively compact;
chambers subglobular to subspherical; increasing grad-
vally in size as added and arranged in a low trochospire
of about two and one half volutions; usually six cham-
bers in the last whorl; final chamber offset toward
umbilicus; sutures distinct, deep radial and straight;
umbilicus small; primary aperture interiomarginal, um-
bilical to extraumbilical portici small, rounded, spatu-
late, rarely preserved.

PLATE 3

1-3  Hedbergella punciata n. sp.
Tex 7. Kiamichi Formation; Holotype: USNM
172791. Marker = 50 microns. Notice wide
umbilicus and the remnant apertural lips.

4-8 Hedbergells pseudotrocoidea n. sp.
Tex 6. Duck Creek Formation; 4-6 Holotype: USNM
172789; 7 and 8 Paratype: USNM 172790,
Marker = 100 microns. Motice size and
shape of last chamber in lateral view.
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9  Clavihedbergella subcretacea {Tappan}
Tex 1. Grayson Formation; Marker — 50 microns.

10-12  Favusella nitida n. sp.

Tex 13. Duck Creek Formation; Holotype: USNM
172793. Marker = 100 microns. Notice the
pentagonal umbilicus and the completely um-
bilical aperture,
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Remarks: H. intermedia, n. sp., is characterized by
features that arc intermediate between those of H. im-
plicata and H. punctata. All three species have the same
unique pore pattern. The chambers of H. intermedia
are not as spherical as those of H. punctata and are not
as ovate, lobe-shaped, and overlapping as those of H.
implicata. The test is generally circular in outline.
This species derives its name from intermedius-a-um
(Latin) = intermediate or moderate.

Dimensions: Diameter of Holotype = 240y; thick-
ness = 115x. Mean diameter of 20 specimens =
245y; mean thickness of 20 specimens = 100p.

Type locality: Tex 7 Fort Worth, Tarrant County
(sample K. 18); Kiamichi Formation.

Deposition of types: Holotype: USNM 172787,
Paratypes: USNM 172788; Paratypes: F.M. 4; Pes-
sagno Collection, University of Texas at Dallas.

Range: Upper Albian, Favusella washitensis Assem-
blage Zone, Hedbergella implicata Subzone and lower
part of H. punctata Subzone.

Occurrence: This species is common in the Kiamichi
and Duck Creek Formations and rare in the Fort
Worth Formation of North Central Texas.

Hedbergella planispira (Tappan)
Plate 2, figs. 10-12

Globigerina planispira, TAPPAN, 1940, p. 122, pl. 19, fig. 12a~c;
1943, p. 513, pl. 83, figs. 3a—c.

Hedbergella planispira (Tappan), LoEBLICH and TAPPAN, 1961,
pp. 276-277, pl. 5, figs. 4-11.

Hedbergella trocoidea (Gandolfi), LoeBLICH and TAPPAN, 1961,
pp. 277. 278, pl. 5, figs. 1, 2.

Hedbergella planispira (Tappan), PEssaGNo, 1967, pp. 283,
284, pl. 51, fig. 1, pl. 53, figs. 1, 2, 3, 4.

Remarks: This species differs from H. trocoidea
(Gandolfi) in the rapid increase in the size of its cham-
bers, smaller number of whorls (usually two) and its
more lobulate periphery. H. trocoidea has more in-
flated chambers that are lobulate in shape. H. plani-

spira can be distinguished from other species of Hed-
bergella by its low trochospiral, nearly planispiral test.

Range: F. washitensis Assemblage Zone to Rotalipora
IM. helvetica Assemblage Zone and M. renzi Assem-
blage Zone.

Occurrence: H. planispira was found in all the
formations of the Washita Group and in the Kiamichi
Formation of the Fredericksburg Group. According to
Loeblich and Tappan (1961, pp. 276, 277) this species
was recorded from the Eagle Ford Group of Texas,
Greenhorn limestone of South Dakota, Wyoming and
Kansas; in Cenomanian samples from subsurface cores
from the Blake Plateau, in Cenomanian of Germany,
and in the Albian and Cenomanian of the U.S.S.R. and
Trinidad.

Hedbergella pseudotrocoidea Michael, new species
Plate 3, figs. 4-8

Description: Test small to medium, a low trochospire
of about two and a half volutions; last whorl with seven
to eight subglobular chambers increasing gradually
in size; last chamber exceptionally large and pro-
truding into a relatively wide umbilicus; periphery
broadly rounded, lobulate; sutures radial, straight and
depressed; primary aperture interiomarginal, extra-
umbilical-umbilical; a fragile narrow lip rarcly pre-
served.

Remarks: This species is closely related to H.
trocoidea (Gandolfi). It differs from the latter species
by the gradual increase in the size of chambers in the
last whorl, in the extremely large last chamber, which
protrudes into the umbilicus, and in the lobulate periph-
eral outline. H. trocoidea as redescribed by Caron and
Luterbacher (1969, p. 23, pl. 7, figs. 1-2) from Gan-
dolfi’s collection is relatively convex on the spiral
side; the chambers are more globular; and the last
chamber is not as large and does not protrude into the
umbilicus.

PLATE 4

1-3  Favusella orbiculata n. sp.
Tex 10. Weno Formation; Holotype: USNM 172795.
Marker — 100 microns. Notice the flanges

in figures 1 and 2.

4-6 Favusella pessagnoi n. sp.

Tex 4. Fort Worth Formation; Holotype: USNM
172797. Marker — 200 microns. Notice the
convex shape of the chambers on the um-
bilical side.

7-9 Favusella quadrata n. sp.
Tex 13. Duck Creek Formation; Holotype: USNM
172799. Marker — 200 microns. Notice wide,
shallow umbilicus.

10-12  Favusella scitula n. sp.

Tex 6. Duck Creek Formation; Holotype: USNM
172801. Marker — 100 microns. Notice the
high trochospire and the protruding last
chamber.
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Dimensions: Diameter of Holotype = 305, thickness
of Holotype = 100p.

Type locality: Tex 6 Fort Worth, Tarrant County
(sample DC 7); Duck Creek Formation,

Deposition of iype: Holotype: USNM 172789;
Paratype USNM 172790; Paratype: F.M. 5, Pessagno
Collection, University of Texas at Dallas.

Range: Upper Albian. H. implicata Subzone and
H. punctata Subzone of the Favusella washitensis As-
semblage Zone.

Occurrence: H. pseudotrocoidea, n. sp., is abundant
in the Duck Creek Formation and is common throughout
the Fort Worth and Denton Formations, This species
is rarc in the upper parts of the Kiamichi Formation.
The absence of this species from formations higher
than the Denton Formation indicates an age no younger
than Albian. It is probable that both H. froceidea and
H. pseudotrocoidea are restricted to the Albian Stage,
as this was indicated by Caron and Luterbacher {1969)
for H. trocoidea.

Hedbergella (?) punctata Michael, new species
Plate 3, figs. 1-3; Plate 7, figs. 1, 2

Description: Test small; pores large relative to size
of test, widely separated and evenly distributed over test
surface; a low trochospire of two and one half volutions
of spherical chambers which increase in size gradually;
usually six chambers in the last whorl; sutures relatively
deep, radial; those of earlier whorl almost obscured;
those of the last whorl clear and distinct. Primary aper-
ture interiomarginal, extra-umbilical to spiroumbilical
with large apertural lip;, doubtful sutural supplementary
apertures on spiral side, inferred due to small rounded
depressions on the sutures; umbilical area very wide.

Remarks: Hedbergella (7) punctata, n. sp., is char-
acterized by its pore pattern, spherical chambers, very
wide umbilicus, massive thick portici; and deep sutures
on its spiral side. This species shares characteristics of
both Hedbergella Bronnimann and Brown and Loeb-
lichella Pessagno. The primary aperture is extraum-
bilical to spiroumbilical; the umbilicus is quite wide and
deep; and there are possible sutural supplementary

apertures spirally. Such evidence may suggest that this
species belongs to the genus Loeblichella. On the other
hand the type of coiling, shape of chambers, the large
apertural lip suggest a relationship to Hedbergella. Its
distinctive pore pattern is also characteristic of H. im-
plicata and H. intermedia, which both possess features
characteristic of true Hedbergella.

Hedbergella (?7) punctata, n. sp., derives its name
from punctatus-a-um (Latin) = punctured or dotted.

Dimensions: Diameter of Holotype = 147p; thick-
ness = 55, Mean diameter of 15 specimens = 150;
mean thickness of 15 specimens = 55u.

Type locality: Tex 7 Fort Worth, Tarrant County
(Sample K.18) Kiamichi Formation.

Deposition of rypes: Holotype: USNM 172791,
Paratype: USNM 172792, Paratype: F.M. 6; Pes-
sagno Collection, University of Texas at Dallas,

Range: Upper Albian. H. implicata Subzone and H.
punctara Subzone of the Favusella washitensis Assem-
blage Zone.

Occurrence: H. (1) punctata, n. sp., was found in
the Kiamichi, Duck Creek, and Denton Formations of
North Central Texas.

Genus Clavihedbergella Banner and Blow, 1959

Clavihedbergella subcretacea (Tappan)
Plate 3, fig. 9

Hustigerinella subcretacea TAPPAN, 1943, p. 513, pl. 83, figs.
4a—.

Clavikedbergella subcretacea (Tappan), LoEsLICH and TAPPAN,
1964, p. Ch59, fig. 527, 2.

Remarks: This species is rare in the Grayson Forma-
tion and was never recorded in any formation below the
Grayson in the area of study. Nevertheless, Loeblich
and Tappan (1964, p. C659) indicated its presence in
Aptian deposits of both hemispheres.

Genus Favusella Michael, new genus

Type Species; Favusella washitensis (Carsey).
Description: Test calcareous, microgranular hyaline,
finely perforate with spherical to ovate chambers

PLATE 5

1-3  Favuselln washitensis (Carsey)}
Type locality, Shoal Creek, Austin; IDel Rio Formation.
Marker = 350 microns.

4-9  Favusella wenoensis n. sp.
Tex 10. Weno Formation; 4-6 Holotype: USNM
172803. Marker = 100 microns; 7-9 Para-
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type: USNM 172804, Marker = 200
microns. Notice the deep suture separating
the last, large, flattened, chamber.

10-12  Praeglobotruncana delrioensis (Plummer)
Tex 1. Grayson Formation. Marker — 10 microns.
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arranged in a low to moderately trochospiral coil;
periphery rounded, lacking keel or imperforate periph-
eral band. Sutures depressed, radial, straight to slightly
curved; umbilicus narrow to exceedingly wide. Primary
aperture interiomarginal, umbilical to spiroumbilical
with all possible intermediate positions; bordered above
by a narrow lip in well preserved specimens. Test
coarsely reticulated into regular polygonal areas by
ridges forming a honey-comb pattern; each polygonal
area with twenty or more minute pores.

Remarks: The most diagnostic feature of Favusella,
n. genus, is its striking pattern of ornamentation com-
posed of coarsely polygonal areas framed by ridges that
lend a distinctive honeycomb pattern to the test (Plate
7, figs. 3-4).

Species of Favusella, n. genus, such as F. washitensis
(Carsey) have often been assigned to Globigerina by
various workers. Admittedly Favusella often displays an
umbilically placed primary aperture and the cancellate
ornamentation characteristic of Globigerina. However,
Globigerina contains a single large pore situated in the
center of a polygonal frame, whereas Favusella has nu-
merous minute pores distributed throughout the area of
the entire polygonal frame. (Seec Plate 7, fig. 3—4).

Favusella includes species that are often similar to
those of Hedbergella Bronnimann and Brown, but have
cancellate ornamentation and an aperture that varies
from umbilical to extraumbilical to spiroumbilical in
position and lacks well developed portici. The umbilicus
may vary from deep and narrow to moderately deep
and wide. The absence of sutural supplementary aper-
tures separates Favusella from Ticinella Reichel.

Plummer (1931, p. 194) in redescribing the Globi-
gerina washitensis Carsey, was the first to notice the
great diversity in chamber arrangement in this group of
fossils. She stated “. . . Almost any single sample yields
tests that present a wide range of variation in arrange-
ment and number of chambers. Most tests show a
rather high trochospire, and the larger the number of

chambers in the whorl, the higher the spire. The domi-
nant diagnostic feature of this species that separates it
from all other globigerine forms in the Texas section
is the striking surface pattern.”

Favusella, n. genus, derives its name from the Favus
(Latin) = honeycomb.

Range: Albian to earliest Cenomanian.

Occurrence: Favusella, n. genus, is usually found in
neritic deposits, especially those laid down in the inner
neritic depth zone. It has not been recorded in any
bathyal or abyssal deposits. Within the Tethys and the
Southern Boreal provinces, it has a wide geographic dis-
tribution. To date, it has never been reported from the
Austral faunal province.

The planktonic nature of this genus is demonstrated
by the following facts: 1. The wall structure and
globigeriniform character of the test are characteristic
of a true planktonic foraminifera. 2. Tt has always been
found associated with other planktonic foraminifera.
If the assemblage is completely benthonic forms, no
Favusella is found. 3. The world-wide distribution of
species of this genus as illustrated in the literature where
it is always associated with true planktonic forms (See
occurrence of F. washitensis). Hence, the writer con-
siders Favusella to be a planktonic form whose distribu-
tion is influenced by a particular environmental param-
eter such as salinity. Its peculiar ornamentation may be
a reflection of such environmental influence.

Favusella hiltermanni (Loeblich and Tappan)
Plate 6, fig. 8
Hedbergella hiltermanni LoEBLICH and TAPPAN, 1961, p. 275,
p. 4, figs. 12-13.

Remarks: The specimen described by Loeblich and
Tappan (1961, p. 275) has more chambers per whorl;
the spire is more elevated; and the increase in chamber
size is less rapid than the specimen figured herein. The
thick ridges that develop in addition to the honeycomb

PLATE 6

1-3  Ticinella primula Luterbacher
Tex 6. Duck Creek Formation. Marker = 100
microns. Notice the spiroumbilical primary
aperture and the gradual increase in the size
of the chambers.

4-6 Rotalipora evoluta Sigal
Tex 1. Grayson Formation. Marker =— 100 microns.

7  Guembelitria harrisi Tappan
Tex 1. Grayson Formation. Marker — 50 microns.

8 Favusella hiltermanni Loeblich and Tappan
Tex 1. Grayson Formation. Marker = 100 microns.

9-11 Globigerinelloides texomaensis n. sp.

Tex 13. Duck Creek Formation. Holotype: USNM
172781. Marker = 100 microns. Notice shape
of last chamber and how it protrudes to cover
of the umbilicus.

12 Heterohelix moremani (Cushman)
Tex 1. Grayson Formation. Marker — 100 microns.
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ornamentation, distinguishes this species from Favusella
washitensis (Carsey).
Range: Middle Albanian to Lower Cenomanian.
Occurrence: This form was recorded throughout the
Washita Group and from the Walnut Marl of the
Fredericksburg Group.

Favusella nitida Michacl, new species
Plate 3, figs. 10-12

Description. Test large, coiled in moderately low
trochospirc composed of three volutions of fairly globu-
lar chambers that increase gradually in size; usually
five chambers in last whorl; umbilicus small, moderately
deep, pentagonal in shape; peripheral cutline rounded;
sutures distinet, radial, deep and straight; primary aper-
ture interiomarginal, umbilical with narrow lip; polyg-
onal ornamentation well developed, usually with equal
sized hexagonal frames.

Remarks. F. nitida, n. sp., is distinguished from all
other Favusella species by its completely umbilical aper-
ture, by the globular chambers of its last whorl; by its
subtrapezoidal chambers spirally; and by its pentag-
onally shaped umbilicus.

F. nitida, n. sp., derives its name from nitidus-a-um
(Latin) = neat or elegant.

Dimensions: Diamcter of Holotype = 475,; thick-
ness of Holotype — 180u. Twelve specimens average
480y in diameter and 190 in thickness.

Type localiry: Tex 13 Grayson County (sample
L.T.Dc. 4); Duck Creck Formation.

Deposition of types: Holotype: USNM 172793;
Paratype: USNM 172794; paratypes F.M. 7; Pessagno
Collection, University of Texas at Dallas.

Range: Upper Albian. F. washirensis Assemblage
Zone: H. implicata Subzone to H. punctata Subzone.

Occurrence: F. nitida, n. sp., is common in the Duck
Creek Formation and relatively rarc in Fort Worth
and Denton Formations of North Central Texas.

Favusella orbiculata Michael, new species
Plate 4, figs. 1-3

Description: Test small, round and circular, a low
trochospire having two volutions of five globular cham-

bers per whor! that increase gradually in size; narrow
flanges in last three chambers; umbilicus wide and deep;
sutures radial, depressed, those of carlier whorl almost
obscured by the coarse ornamentation; primary aperture
interiomarginal, uvmbilical-extraumbilical, very coarse
polygonal ornamentation composcd of relatively thick
and high hexagonal ridges.

Remarks. Favuselln orbiculata, n. sp., is character-
ized by its rounded circular test, its coarsc polygonal
ornamentation; its narrow flanges developed by the
last 3 or 2 chambers, and its deep umbilicus. This spe-
cies is distinguished from Hedbergella hiltermanni Loeb-
lich and Tappan, by its cameral flanges umbilically, by
its regular polygonal ornamentation composed of rela-
tively thick, high, hexagonal ridges; by being lower
spired; by having less chambers per whorl; and by
being subspherical.

F. orbiculata, n. sp., derives its namc from Orbicu-
latus-a-um (Latin) = round or circular.

Dimensions: Holotype measures 248y in diameter,
132, in thickness. Twelve specimens average 225 in
diameter and 1254 in thickness.

Type locality: Holotype and paratypes from locality
Tex 10 Cook County (sample Wn. 2); Weno Forma-
tion.

Deposition of fypes: Holotype: USNM 172795,
Paratypc: USNM 172796; Paratype: F.M. 8; Pes-
sagno Collection, University of Tcxas at Dallas.

Range: Upper Albian, Hedbergella implicata Sub-
zone of the F. washitensis Assemblage Zone.

Occurrence; F. orbiculata is abundant in the Weno
Formation and common in the Pawpaw and Denton
Formations of North Central Texas.

Favusella pessagnoi Michael, new species
Plate 4, figs. 4-6

Description: Test large, a low trochospire of about
two volutions of subglobular, inflated chambers which
increase gradually in size; usually six in the last whorl;
last chamber slightly protruding into a relatively wide
umbilicus; periphery broadly rounded, peripheral out-
line lobulate; sutures distinct, radial and straight; pri-
mary aperiure interiomarginal extraumbilical without
apertural lip or porticus; ornamentation composed of

PLATE 7

1-2  Hedbergella punctata n, sp.
Tex 7. Holotype: USNM 172791, Pore pattern. 1.
Marker — 10 microns, 2. Marker = 20 microns.

3-4 Favusella wenoensis n. sp.
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Tex 10, Holotype: USNM 172803. Cancellate orna-
mentation characteristic of the genus Fgvusella.
3. Marker = 10 microns, 4. Marker = 20
microns.
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ridges forming equal sized polygonal (usually hexag-
onal) areas.

Remarks: F. pessagnoi, n. sp., is similar to Hed-
bergella trocoidea (Gandolfi) in both the shape and
arrangement of chambers. It differs, however, by having
the cancellate ornamentation characteristic of Favusella,
n. genus. This species differs from F. washitensis
(Carsey) by having more chambers in the last whorl
(usually six) that increase gradually in size and by
having a lobulate periphery.

F. pessagnoi, n. sp., is named in honor of Dr, Emile
A. Pessagno, Jr., University of Texas at Dallas, in
recognition of his work on Cretaceous Foraminifera.

Dimensions: Diameter of Holotype = 465p; thick-
ness = 225u. Ten specimens average 450p in diameter
and 220u in thickness.

Type locality: Tex 4 Denton County (Sample F.W.
29); Fort Worth Formation.

Deposition of types: Holotype: USNM 172797;
Paratype: USNM 172798; Paratypes: F.M. 9; Pes-
sagno Collection, University of Texas at Dallas.

Range: Upper Albian: Hedbergella implicata Sub-
zone to H. punctata Subzone of the F. washitensis
Assemblage Zone.

Occurrence: F. pessagnoi, n. sp., is abundant in
the Fort Worth Formation and frequent in the Duck
Creek and Denton Formations of the North Central
Texas area.

Favusella quadrata Michael, new species
Plate 4, figs. 7-9

Description: Test large, a low trochospire of two
and a half volutions of fairly spherical chambers that
increase gradually in size; usually five chambers in last
whorl; umbilicus quite wide, shallow; peripheral out-
line rounded, overall configuration of test quadrate-
shaped; sutures distinct, radial and straight; primary
aperture interiomarginal, umbilical to slightly extra-
umbilical; cancellate pattern well developed; polygonal
areas usually hexagonal, sometimes pentagonal; always
equal in size.

Remarks: F. quadrata, n. sp., is characterized by its
wide umbilicus, spherical chambers and umbilical aper-
ture. It differs from F. nitida, n. sp., in having a much
wider umbilicus, spherical chambers, a finer cancellate
pattern, and a test which is less convex spirally. F.
quadrata, n. sp., derives its name from quadratus-a-um
(Latin) = four cornered or square.

Dimensions: Diameter of Holotype = 640u, thick-
ness of Holotype = 240u. Ten specimens average
625, in diameter and 210y in thickness.
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Type locality: Tex 13 Grayson County (Sample
L.T.Dc. 4); Duck Creek Formation.

Deposition of types: Holotype: USNM 172799;
Paratype: USNM 172800; paratypes F.M. 10; Pes-
sagno Collection, University of Texas at Dallas.

Range: Upper Albian: Hedbergella implicata Sub-
zone to H. punctata Subzone of the F. washitensis
Assemblage Zone.

Occurrence: F. quadrata, n. sp., is abundant in
Duck Creek Formation and relatively rare in Fort
Worth and Denton Formations of the North Central
Texas area.

Favusella scitula Michael, new species
Plate 4, figs. 10-12

Description: Test relatively large in size; a high
trochospire with three volutions; chambers increase
gradually in size, usually five globular chambers in
the last whorl; last chamber ovate, elongate, protruding,
obscures part of umbilicus; umbilicus wide and deep;
suturcs radial, distinct, depressed; primary aperture
interiomarginal, extraumbilical. Polygons of the honey-
comb ornamentation usually pentagonal, rarely hexag-
onal; all equal in size.

Remarks: Favusella scitula, n. sp., is characterized
by being quite spiroconvex, by having a markedly ele-
vated early whorl, by the elongate shape of its last
chamber, and by its uniform cancellate pattern. The
name is derived from scitulus-a-um (Latin) = pretty
or clegant.

Dimensions: Holotype measures 400, in maximum
diameter, 175p in thickness. Other spccimens vary
from 350. to 420u in maximum diameter and from
150p to 180y in thickness.

Type locality: Holotype and paratypes from locality
Tex 6 (sample Dc. 9); Duck Creek Formation.

Deposition of types: Holotype: USNM 172801;
Paratype: USNM 172802; Paratypes: F.M. 11; Pes-
sagno Collection, University of Texas at Dallas.

Range: Upper Albian: Hedbergella implicata Sub-
zone to H. punctata Subzone of the F. washitensis
Assemblage Zone.

Occurrence: F. scitula, n. sp., is abundant in the
Duck Creek through Denton Formations of the North
Central Texas area.

Favusella washitensis (Carsey)
Plate 5, figs. 1-3
Globigerina washitensis CARSEY, 1926, p. 44, pl. 7, fig. 10,

pl. 8, fig. 2; Plummer, 1931, p. 193, pl. 13, fig. 12, (Neo-
type of Plummer); Tapran, 1940, p. 122, pl. 19, fig. 13;
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1943, p. 413, pl. 83, figs. 1, 2; FrizzeLL, 1954, p. 127, pl.
20, fig. 9: BoLLy, 1959, p. 271, pl. 23, figs. 6, 7.

Hedbergella washitensis (Carsey). LoEBLICH and TaPPaN, 1961,
p. 278, pl. 4, figs. 9-11; PEssacNo, 1967, p. 284, pl. 49,
fig. 1.

Description: Test small to medium sized, with low
trochospire of two volutions of fairly spherical cham-
bers which increase rather rapidly in size; usually four
chambers in the last whorl; umbilical area relatively
wide; sutures deep, distinct, radial, those of earlier
whorl almost obscured by the coarse ornamenta-
tion; primary aperture intcriomarginal, extraumbilical-
umbilical. Polygons of cancellate pattern usually pentag-
onal, rarely hexagonal, all equal in size.

Remarks: Favusella washitensis (Carsey), was
originally described from Del Rio Clay (= Grayson
Formation), of Central Texas (Shoal Creek, Austin,
Travis County), by Carsey who was the first to recog-
nize its importance “, . . as a splendid horizon marker
of the Washita division of the Comanche series.”

Dimensions: This species ranges considerably in
size and ranges in diameter from 500u to 200.. Speci-
mens from the lower formations of the Washita Group
arc larger and more abundant.

Range: Middle Albian to lowermost Cenomanian.
Favusella washitensis Assemblage Zone to Roralipora
evoluta Subzone.

Occurrence: F. washitensis {(Carsey), was found
throughout the Washita Group and in the Walnut Marl
of the Fredericksburg Group. In the Glen Rose Lime-
stone (Trinity Group), a similar form was found in
thin-sections but none of the samples were soft enough,
to be processed to scparate individual specimens. This
species has been reported from Albian and Ceno-
manian strata of Texas and Oklahoma and equivalent
strata in Minnesota, in Trinidad and in Algeria, as
well as in the submarine Blake Plateau, north of
Bahama Islands {Loeblich and Tappan, 1961). Ayala
{1962, p. 22) described and figured this species from
the Cenomanian of Cuba. Again the same species was
recorded by Arkin and Hamaoui (1967) from the
Cenomanian of Negev Desert of Israel. Sigal (1965,
p. 290) recorded H. washitensis in the Albian of Paris
Basin, and Barr (1968, p. 140} recorded it from the
Lower Cenomanian of Libya. The geographic distri-
bution seems to be world-wide.

Favusella wenoensis Michael, new species
Plate 5, figs. 49, Platc 7, figs, 4-5

Description: Test moderately large in size, polygons
of the cancellate pattern wide, usually pentagonal, some
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hexagonal; a low trochospire of two volutions; cham-
bers ovate to subspherical; increasing rapidly in size,
four in last whorl; last chamber flattencd, elongate,
and large, about half size of the test from which it is
scparated by a wide deep suture; sutures distinct, more
or less radial; umbilicus narrow; primary aperture
interiomarginal, extraumbilical-umbilical.

Remarks: Favusella wenoensis, n. sp., differs from
all other species of Favusella by its large flattened last
chamber which is often half the size of the test and
separated from the rest of the test by a wide, deep
suture. Generally, the clongate, flattened shape of the
test is highly diagnostic.

F. wenoensis, n. sp., derives its name from the Weno
Formation of North Central Texas.

Dimensions: Holotype = 360p in the maximum
diameter, 180y in the minimum diameter, and 125u in
thickness. Twelve specimens average 335x in major
diameter, 150 in minor diameter, and 100y in thick-
NnEss,

Type locality: Holotype and paratype from locality
Tex 10 (Sample Wn. 2); Weno Formation.

Deposition of ivpes: Holotype: USNM 172803,
Paratype: USNM 172804; Paratype: F.M, 12; Pes-
sagno Collection, Univeristy of Texas at Dallas.

Range: Upper Albian: lower part of the Hed-
bergella delrioensis Subzone.

Occurrence: This species appears to be restricted to
the Weno Formation of the North Central Texas area.

Genus Praeglobotruncana Bermudez, 1952

Praeglobotruncana delrioensis (Plummer)
Plate 5, figs. 10-12

Globorotalia delricensis PLUMMER, 1931, p. 199, pl. 13, figs.
2a-—<¢.

Praeglobotruncana delrioensis (Plummer), LoesLicH and Tap-
paN, 1961, pp. 280-284, pl. 6, figs. 9—12; PEssacno, 1967,
p. 286-287, pl. 52, figs. 3-3, pl. 100, fig. 7.

Remarks: This species is rare and was observed
only in the upper parts of the Grayson Formation of
North Central Texas. Pessagno (1967, p. 287) indi-
cated that it ranges from “Hedbergella” washitensis
zone to Roralipora s.s. Assemblage Zone, R. evoluta
subzone, In this study it was never found lower than
the Rotalipora s.s. Assemblage Zone and is considered
to be restricted to it. The first appearance of the P.
delrivensis as well as R. evolwa indicates the advent
of the Cenomanian. Loeblich and Tappan (1961, pp.
280-294) recorded this species from Lower Ceno-
manian and Upper Albian strata in Trinidad and
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Switzerland, and in submarine cores from Blake
Plateau, north of the Bahamas.

Subfamily ROTALIPORINAE Sigal, 1968
Genus Ticinella Reichel, 1950

Ticinella primula Luterbacher
Plate 6, figs. 1-3

Ticinella primula Luterbacher, in Renz, Luterbacher and
Schneider, 1963, p. 1085, fig. 4.

Remarks: The low trochospire, the relatively non-
compact coiling and the spiroumbilical aperture are the
most diagnostic features of this species.

Dimensions: Diameter = 300y, thickness = 100.

Range: Middle and Upper Albian. F. washitensis
Assemblage Zone; H. implicata and H. punctata sub-
zones.

Occurrence: Ticinella primula was found in the
Duck Creek, Fort Worth and Denton Formations of
the North Central Texas area. This species was orig-
inally described from the middle Albian and upper
Albian (Vraconian) of the Jura Mountains within the
Canton de Neuchatel (Western Switzerland) and was
found to be characteristic of the “pyritized part of the
Albian” known as Vraconian.

Genus Rotaliporia Brotzen, 1942

Rotalipora evoluta Sigal
Plate 6, figs. 4-6

Rotalipora cushmani var. evoluta Sigal, 1948, p. 100, pl. 1, figs.
3; pl. 2, fig. 2.

Globorotalia delrioensis Plummer, Loeblich and Tappan, 1946,
p. 257, text-fig. 4B.

R. cf. appenninica (O. Renz.), Bolli, ef al., 1957, p. 41, pl. 9,
figs. Sa-c.

R. evoluta Sigal, Pessagno, 1967, p. 294, pl. 49, figs. 12-14; pl.
53, figs. 6--8; pl. 98, fig. 12.

This is the oldest Cenomanian species of the Rotali-
pora s.s. Assemblage Zone known to date in the North
American section (Pessagno, 1967, p. 295). It is
never abundant in the Grayson and Del Rio Forma-
tions of Texas, but its appearance in the lower part of
the Grayson Formation marks the base of the Ceno-
manian (See Pessagno, 1967, pp. 7, 8, 21-23).

Range: Rotalipora s.s. Assemblage Zone; R. evoluta
Subzone.

Occurrence: A few specimens of this specics were
noted in the upper part of Grayson Formation of North
Central Texas. It has been recorded from Cenomanian
deposits in Trinidad, Switzerland and North Africa
(Pessagno, 1967).

LOCALITIES

All the localities included below occur in Texas and are
arranged on basis of counties,

DeNTON COUNTY

Tex 1: Grayson Bluff; 3.6 miles northeast of Roanoke, dirt
road south of F.M. 1171 East, 1.5 miles from its junction with
U.S. 377; total thickness 90 feet (29 meters); lower 20 feet
(6 meters) hard limestone and marls of the Main Street
Formation; this is overlain by 65 feet (20 meters) of mud-
stones, shales, marls and few limestone intercalations belonging
to the Grayson Formation which is in turn overlain by 5 feet
(1.5 meters) of Woodbine sands. Locality T-26 of Perkins
(1960, p. 44).

Tex 2: Road cut on F.M. 428 (old Texas Rt. 10); 4.5 miles
from Denton city limit at northeast side of Denton; im-
mediately southwest of Clear Creek; 25 feet (7.5 meters) of
bluish-gray marl to silt with thin-bedded brown-reddish sands
assignable to the Pawpaw Formation overlain conformably by
17 feet (5 meters) of alternating marls and hard limestone
of the Main Street Formation.

Tex 3: Road cut on F.M. 407, 2 miles east of Justin im-
mediately east of a bridge over Denton Creek; 9 feet (2.7
meters) of alternating hard, gray limestone and marls of the
Fort Worth Formation overlain conformably by 7 feet (2
meters) of yellowish marls and clays belonging to lower
Denton Formation.

Tex 4: Exposures of Fort Worth and Denton Formations on
the banks of a small tributary to Denton Creek; south side of
F.M. 407, 2 miles east of Justin and immediately east of a
bridge on Denton Creek and opposite locality Tex 3; Fort
Worth Formation consisting of 25 feet (7.6 meters) of alter-
nating hard, gray limestone and marls; Denton Formation con-
sisting of 40 feet (12 meters) of yellowish to brownish marls
intercalated with thin limestone capped by a 2 foot oyster bed.

TARRANT COUNTY

Tex 5: Small unnamed creek south side of Tappan Boule-
vard on the southwestern edge of the U.S. Public Health Ser-
vice Hospital (Federal Narcotic Farm and Hospital), 200
yards southwest of the road; 10 feet (3 meters) of alternating
limestone and marl assignable to middle part of the Main
Street Formation.

Tex 6: Road cut on Taxco Street at northeast junction of
1.8. 20 and U.S. 80, off the Ridgmar exit on the southwest edge
of the Westover Hills, Fort Worth; 23 feet (6.6 meters) of
alternating limestone and calcareous mudstone with some marly
thin intercalations assignable to the lower part of the Duck
Creek Formation.

Tex 7: About 200 yards north of locality Tex 6, at the
intersection of Calais, Westover Drive and Firth Road at the
southwestern edge of Westover Hills, Fort Worth; Kiamichi
Formation; 25 feet (7.6 meters) of brownish-black shales,
calcareous shales, silts and sands with few limestone beds in
lower part.

Tex 8: Road cut on east side of F.M. 2871 south of U.S.
80-U.S. 180, immediately south of bridge on Mary’s Creek;
Goodland Formation; lower 50 feet (15 meters) consisting of
bluish-gray calcareous shales and marls; upper 100 feet (30
meters) consisting of white chalky limestone. Locality T-1
and T-2 of Perkins (1960, p. 43).
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Tex 9: Banks of small unnamed creek east of Reservoir
1&G dam, southeast of the intersection of Inferstate 35W and
Berry Street; upper part of the Denton Formation; 15 feet
(4.5 meters) of marls and clays capped by a 2 foot (0.6
meter) oyster bed.

Cook CoUNTY

Tex 10:; Along a small unnamed tributary creek immediately
east of U.5, 77 (L1.S. 35W), one mile south of the Red River at
the northern extremity of Cook County; Weno Formation, con-
sisting of 35 feet (10 meters) of brownish clay to silt inter-
calated with yellowish marly and hard limestone ledges in
lower part.

ParkeEr COUNTY

Tex 11: Road cut on north side of U.S. 80-1J.S. 180, east of
Weatherford, 4.5 miles from the Court House; upper 15 feet
(4.5 meters} of brownish-red sands assignable to Paluxy
Formation, overlain unconformably by 235 feet (7.6 meters) of
alternating marls and oyster beds of the Walnut Formation.
Locality T-12 of Perkins (1960, p. 44).

Tex 72: Road cut on U.S. 180 directly south of the Road
Side Park, 7.5 miles west of Weatherford city limit. Glen
Rose Formation: 80 feet (24 meters) of hard, silicified lime-
stone intercalated with ocecasional thick cross-bedded sand.

GraysoNn COUNTY

Tex 13: Southern shore of Lake Texoma at Loe’s Highport
Resort at the end of F.M. 120; 50 vyards east of mouth of
harbour; 20 feet (6 meters) of hard, silicified gray limestone
assignable to the upper part of Goodland Formation, overlain
unconformably by 12 feei (3.6 meters) of clays and shales
with a hard oyster bed assignable to the Kiamichi Forma-
tion, overlain conformably by 25 feet (7.6 meters) of alter-
nating calcareous mudstone and marls assighable to the Duck
Creek Formation.

JoHNSON COUNTY

Tex {4: Road cut on south side of Godley-Cleburne road,
Texas 171, uphill from bridge over Nolan's River; 4.8 miles
southeast of Godiey; Main Street Formation: 33 feet (10
meters) of alternating marls and yellowish white to gray
limestone.

CoryerLL CoOUNTY

Tex 15; Road cut on a dirt road off F.M. 116 at about 0.2
miles east from junction of F.M. 1783, on Efton Carroll Farm;
40 feet (12 meters} of alternating marls and oyster beds
assignable to Walnut Formation, overlain conformably by 15
feet (4.5 meters) of bluish-gray calcareous shales and marls
assignable to the lower part of Goodland Formation.

Tex 16: Read cut on Tex 36 approximately 6.3 miles south
of junction with F.M. 107, Walnut Formation consisting of
10 feet (3 meters) of alternating maris and oyster beds.

Tex 17: Road cut on U.S. 84 west of Gatesville across
from the bridge over Leon River; Walnut Formation con-
sisting of 18 feet (5.5 meters) of alternating yeilowish marls
and oyster beds.

Tex 18: Road cut on junction of F.M. 1829 and F.M. 107
immediately east of Coryell Creek; Goodland Formation
{Comanche Peak) consisting of 25 feet (7.6 meters) of bluish-
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gray calcareous shales and marls overlain by 40 feet (12
meters) of white chalky and marly limestone.

McLENNAN COUNTY

Tex 19: Road cut, 0.9 mile east of intersection of Tonkawa
Park road and F.M. 185 southeast of Crawford; 4 feet (1.2
meters) of Kiamichi clays, 25 feet of alternating calcareous
mud and marls assignable to the Duck Creek Formation.

Tex 20 Exposures of Fort Worth and Denton Formations
on the banks of Middle Bosque River immediately east of the
bridge on the river on F.M. 185; 25 feet (7.5 meters) of
alternating grayish limestone and marls assignable to the Fort
Worth Formation, 7 feet (2 meters) of marls and calcarecus
shales assignable to the Denton Formation.

Tex 27: Exposures on banks of Hog Creek, 1 mile north of
F.M. 185; 7 feet (2 meters) of alternating limestones and
marls assignable to the Weno Formation; 8 feet (2.2 meters)
of clays and shales assignable to the Pawpaw Formation; 12
feet (3.6 meters) of hard limestone assignable to the Main
Street Formation.
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