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PALEONTOLOGY OF THE GREENHORN CYCLOTHEM
(CreTACEOUS: LATE CENOMANIAN TO MIDDLE TURONIAN)
AT BLACK MESA, NORTHEASTERN ARIZONA

JAMES JAN KIRKLAND

Dinamation International Society,
Fruita, Colorado 81521

ABSTRACT: Extensive invertebrate fossil collections from the Late Cretaceous (late
Cenomanian-middie Turonian) Greenhorn cyclothem at Black Mesa in northeastern Ari-
zona demonstrate that the thick clastic sequences of the western foreland basin preserve a
much greater diversity of invertebrate fossils than that recognized from the carbonate-
dominated central Western Interior Seaway. At Black Mesa, the Greenhorn cyclothem is
the Dakota Formation, Mancos Shale and Toreva Formation. Invertebrate fossils have been
recognized from the upper sandstone member of the Dakota Formation, the lower shale,
middle shale, Hopi Sandy, and upper shale members of the Mancos Shale, and the Blue
Point Tongue and lower sandstone member of the Toreva Formation. Based on recovered
fauna, a total of 13 biostratigraphic subdivisions have been recognized. In addition, 77
chronostratigraphic marker beds (BM1, BM2, ... BM77) have been recognized. These con-
sist mainly of bentonites along with laterally continuous concretion horizons, bioturbated
marlstones, and sediment bypass intervals (calcisilts).

A total of 325 invertebrate taxa have been recognized in these strata, making this one
of the most diverse middle Cretaceous faunas known from North America. One new bi-
valve genus (Dakotacorbula) is described and 11 new bivalve species (Modiolus kauffmani,
Modiolus coloradoensis, Pinna kauffmani, Gervillia navajovus, Oxytoma (Hypoxytoma) arizonensis,
Limatula kochi, Pycnodonte newberryi umbonata, Gryphaeostrea nationsi, Gryphaeostrea elderi,
Linearia (Hercodon) striatmarginata, Poromya lohaliensis) and 12 new gastropod species (Euspira
stantoni, Turritella cobbani, Turritella kauffmani, Turritella codellana, Anchura hopii, Cerithiopsis
sohli, Cerithioderma elderi, Gyrotropis nationsi, Charonia soozi, Pyropsis kochi, Paleopsephaea
arizonensis, Acirsa kelseyi) are described. Tellina carlilana is proposed as a new name for

Tellina modesta, which was preoccupied.

INTRODUCTION

The middle Cretaceous (late Albian —~ middle Turonian)
Greenhorn marine cycle (Hattin, 1964; Kauffman, 1969) has
one of the most refined lithostratigraphic, biostratigraphic,
and chronostratigraphic frameworks constructed for any
Phanerozoic marine sequence. The Western Interior of
North America contains perhaps the most complete and
widespread exposures of strata of this age present any-
where in the world. Most detailed research on marine strata
representing the Greenhorn marine cycle has been done
on the pelagic carbonate-rich rocks deposited during peak
Greenhorn transgression in the central and eastern part of
the seaway of central Colorado (Cobban and Scott, 1972;
Kauffman and others, 1969; numerous papers in Pratt and
others, 1985), Kansas (Hattin, 1962; 1975a), western Okla-
homa (Kauffman and others, 1977), and northern New
Mexico (Hattin, 1987). These rocks have become a natural
laboratory for developing and testing theories of basin
analysis. To date, no comparably detailed analyses have
been conducted on the thick clastic-dominated sequences
of the western margin of the seaway.

On the western side of the seaway, in the area of the
southwestern Colorado Plateau, a large V-shaped embay-
ment formed at peak transgression (“Grand Canyon bight”
of Stokes and Heylum, 1963). This embayment was struc-
turally controlled in the northwest by thrusting along the
north-northeast-trending Sevier orogenic belt. The orogenic
belt was active periodically from the latest Early Cretaceous

through Paleocene (Armstrong, 1968) and led to the for-
mation of a deep foreland basin immediately to the east,
into which thousands of meters of Paleozoic-derived and
syngenetic volcanic sediment were deposited. The
embayment was structurally controlled to the southwest
by the uplift in the Mogollon highlands (central and south-
ern Arizona) with erosion of northeastward-dipping, pre-
Cretaceous strata occurring prior to deposition of the Late
Cretaceous (Cenomanian) Dakota Formation (Harshbarger
and others, 1957; Drewes, 1981; Dickinson, 1981; Bilodeau,
1986). Gravels deposited at the base of the Dakota Forma-
tion were primarily derived from Paleozoic strata
(Repenning and Page, 1956; Gustason, 1989; Kirklapd, 1990,
1991; Eaton and Nations, 1991; Elder and Kirkland, 1992).
Arkosic sediments shed from the south make up a signifi-
cant percentage of the coarse clastics by latest Cenomanian
(Finnell, 1966; McKay, 1972; Gustason, 1989; Wolfe, 1989;
Kirkiand, 1990, 1991; Elder and Kirkland, 1992) through
Turonian time (Franczyk, 1988) while the Sevier orogenic
belt continued to supply lithic sediments from the west
(Lawton, 1986; Eaton and others, 1987; Eaton and Nations,
1991; Elder and Kirkland, 1992). Within the embayment,
reactivated northwest-trending basement structures
(Peterson, 1969; Fursich and Kirkland, 1986; Kirkland, 1990)
provided additional tectonic controls on Cretaceous sedi-
mentation. Black Mesa is located near the center of this tec-
tonically controlled embayment.




The Black Mesa basin is located on the Navajo and Hopi
Indian Reservations of northeastern Arizona. The mesa forms
a circular ring of cliffs approximately 100 km in diameter, held
up by resistant strata of the Mesaverde Group at the center of
the basin. Underlying the Mesaverde Group, extensive expo-
sures of the Mancos Shale form a prominent slope rising from
a lower cliff formed by the Dakota Formation. The exposures
of Mancos Shale at Black Mesa represent open marine, clas-
tic-dominated strata of the Greenhorn marine cycle depos-
ited near the southwestern margin of the seaway and permit
detailed comparisons of the shale-dominated western side to
be made with the carbonate-dominated central and eastern
side of the seaway.

Cretaceous strata were first described at Black Mesa
by Newberry (1861) and were later described in some de-
tail by Gregory (1917), who first applied the lithostrati-
graphic nomenclature of the San Juan Basin (Dakota
Sandstone, Mancos Shale, and Mesaverde Formation) to
Black Mesa. Reeside and Baker (1929) described the Creta-
ceous section on the northeastern side of Black Mesa, pro-
viding a useful biostratigraphic basis for correlations with
other regions. In addition to providing further biostrati-
graphic data and demonstrating the northeast-southwest
diachroneity on the upper and lower contacts of the Mancos
Shale, Repenning and Page (1956) provided a basis for
lithostratigraphic correlation that has held up with only
minor modification. In so doing, they raised the Mesaverde
to group status and defined (in ascending order) the Toreva
Formation, Wepo Formation, and Yale Point Sandstone. Fur-
ther refinements of Mesaverde nomenclature were made by
Franczyk (1988). Regional correlations of the Mancos Shale
at Black Mesa were made by Pike (1947), Peterson and Kirk
(1977), and Cobban and Hook (1984).

Kirkland (1990, 1991) studied in detail three evenly
spaced sites around Black Mesa: Blue Point in the south-
west, Coal Chute in the northwest, and north of Lohali
Point in the east (Fig. 1, Table 1). At each site, complete
sections of the Mancos Shale were trenched until fresh con-
solidated rock was exposed. The sections were then swept
clean, described in great detail (units as thin as 0.5 cm),
then bulk sampled as one meter trench samples, and fi-
nally continuously sampled intensively for macrofauna
(mainly mollusks). The detailed lithostratographic descrip-
tions of these sections have been published in Kirkland
(1990, 1991). Numerous additional sites were also exam-
ined around Black Mesa from which additional invertebrate
collections were made (Kirkland, 1990) (Fig. 1, Table 1).

The Mancos Shale in this area can be readily divided
into four members (in ascending order): lower shale mem-
ber, middle shale member, Hopi Sandy Member, and up-
per shale member. Seventy-seven marker beds of varied
local and regional utility have been recognized. As many
of these marker beds have not, as yet, been recognized in
correlative strata to the east, where systems of nomencla-
ture already exist (e.g., papers in Pratt and others, 1985), a
unique system of marker bed numbers for Black Mesa has
been provided (e.g., BM1, BM2, ... BM77) (Kirkland, 1990,
1991). Where marker beds have been correlated to the cen-
tral Western Interior, the equivalent marker bed numbers
of other authors are given (Table 2). Biostratigraphically,
the Mancos Shale can be divided into seven ammonite
zones, with numerous subzones to make a total of 13 bios-
tratigraphic divisions. These zones are based largely on the
work of Cobban (1984) as modified by Kirkland and Elder
(1985) and are defined on the basis of the abundant faunal
data presented in Kirkland (1990) (Table 3).

This volume reports on the invertebrate faunas present
in the Greenhorn cyclothem at Black Mesa.

THE DAKOTA FORMATION AND
ITS CONTACT WITH THE MANCOS SHALE

The base of the Dakota Formation rests unconformably
upon Jurassic strata. Williams (1951) reported a series of
largely east-west channels cut into this surface. As de-
scribed by Repenning and Page (1956), the Dakota Forma-
tion ranges from 15 to 40 m in thickness with no apparent
regional trends and can be divided into three informal
members: lower sandstone member, middle carbonaceous
member, and upper sandstone member.

The lower sandstone member consists of medium- to
coarse-grained, medium-scale trough cross-bedded, quartz
arenite, commonly with chert pebbles concentrated toward
the base. The member is discontinuous and is best devel-
oped where the Dakota Formation is thickest, where it may
form cliffs as much as 20 m high, such as at the Coal Chute
section. Sediments of the lower sandstone member of the
Dakota Formation record river systems draining highlands
to the west and are compositionally similar to Paleozoic
sediments shed from the Sevier orogenic belt (Lawton,
1986). The member is largely preserved in southwest-di-
rected paleovalleys (Kirkland, 1990).

The middle carbonaceous member is dominated by
carbonaceous shale and siltstone, with interbeds of coal that
thicken to as much as 2 to 3 m up section. The member
contains thin interbeds of fine-grained quartz arenite,
which may be flat bedded or inclined to form epsilon cross-
beds. Thicker, flat-topped lenses of fine quartz arenite up
to 2 m thick and 20 m across are also present locally, as are
lenticular coal beds of similar morphology. Base level rise
induced by rising sea-level resulted in fine sediments be-
coming trapped on the flood plain, leading to the aggrad-
ing fluvial deposits of the middle carbonaceous member.
Continued sea-level rise resulted in a rising water table and
the development of extensive coal swamps between the
fluvial systems.

The upper sandstone member is discontinuous across
Black Mesa. It is heavily bioturbated with no preserved
primary stratification other than vague scoured surfaces.
Both cementation and shell content increase toward the top
of the member. Compositionally it has been described as a
fine-grained quartz sandstone (Repenning and Page, 1956),
but on close examination it is observed that the sandstones
originally had a composition of a subfeldspathic to felds-
pathic arenite, with much of the feldspar being altered to
clay or replaced by calcite (Kirkland, 1990, 1991). Locally
the sandstone is underlain by a fossiliferous shale with
minor sandstone beds. The capping sandstone has a maxi-
mum recorded thickness of nearly 3 m, and at Coal Chute
on the northeastern side of the mesa a maximum of 9 m
was recorded when the underlying fossiliferous shale was
included. Brackish-water lagoons became established be-
hind a system of barrier beaches that were emplaced by
longshore drift.

The base of the Mancos Shale is late Cenomanian in age
and rests disconformably on the the Dakota Formation. It is
diachronous across Black Mesa, ranging from the Metoicoceras
mosbyense Zone along the eastern side to the Sciponoceras grac-
ile Zone along the southwestern side. Furthermore, marker
beds BM1 through BMS5 progressively truncate the underly-
ing disconformity toward the southwest (Fig. 2). The amount
of time represented by the disconformity at the base of the
Mancos Shale can only be roughly estimated. The Metoicoceras
mosbyense Zone has been recognized in the upper sandstone
member of the Dakota Formation across Black Mesa. In south-
western Black Mesa the Euomphaloceras septemseriatum
subzone of the Sciponoceras gracile Zone rests on, or is in part
incorporated into, the transgressive lag at the top of the Da-




kota Formation. The older Vascoceras diartianum subzone of
the Sciponoceras gracile Zone has not been recognized in this
area but is well defined on the northern and eastern sides of
Black Mesa. Thus, at least in the area of southwestern Black
Mesa, there appears to be an appreciable disconformity.

At Black Mesa, brackish and marginal marine depos-
its of the upper sandstone member are well preserved only
on the southwestern side of gentle northwest-southeast-
trending anticlines (Fursich and Kirkland, 1986; Eaton and
others, 1987; Kirkland, 1990). Elsewhere, the Mancos Shale
may rest on a variably developed shell-rich transgressive
lag or, less commonly, directly on carbonaceous sediments
of the middle carbonaceous member of the Dakota Forma-
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tion with no readily apparent break (Kirkland, 1983, 1990;
Fursich and Kirkland, 1986).

With southwestward movement of the coastline across
the area of Black Mesa during the late Cenomanian Metoico-
ceras mosbyensis Zone, a series of northwest-trending bar-
rier coastlines was progressively established parallel to the
northwest-southeast-trending, deep-seated Precambrian
structures (Kirkland, 1983, 1990; Fursich and Kirkland,
1986). With rising sea-level, sediments became trapped in
the flooded river valleys with little sand reaching the coast
through the paludal environments recorded by the middle
carbonaceous member of the Dakota Formation. The feld-
spathic nature of the upper sandstone member suggests a

FIGURE 1. Distribution of outcrops examined during this study. Principal sections measured of the complete marine sequence of
the Greenhorn cyclothem are Blue Point = BP; Lohali Point = LP; Coal Chute = CS (Kirkland, 1990, 1991). Partial measured
sections for this study are 1, 6, 8,9, 12, 13, 15, 18, 19, 20 (Kirkland, 1990). Other sites examined but not including measured sections
areQ, 2,3,4,5,7,10,11, 14, 16, 21. Museum of Northern Arizona locality numbers for collections from these sites and their latitude

and longitude are given in Table 1.







southwestern source in the Mogollon highlands. As the
sandstones of the lower and middle members of the Da-
kota are lacking in appreciable feldspar, the sandstones of
the upper sandstone member were largely accumulated by
longshore drift from the south.

The sandstones at the top of the Dakota Formation at
Black Mesa are inferred to represent relict bar sands. These
sandstones are best preserved along the crests and somewhat
landward (southwest) of the northwest-trending structural
highs following the expected decrease in carrying capacity of
currents crossing subtle topographic highs (Swift, 1985). Pro-
gressive deepening of the water column through the course
of this reworking is suggested by the progressive replacement
of Rhynchostreon by Pycnodonte as the dominant taxon up sec-
tion through the upper sandstone.

The shales at the base of the upper sandstone member
contain a diverse brackish water fauna discussed in detail
by Fursich and Kirkland (1986) and Kirkland (1990). The
sandstone at the top of the upper sandstone member is
generally dominated by epifaunal suspension feeders, par-
ticularly by the oysters Pycnodonte and Rhynchostreon levis,
with Plicatula and Camptonectes. Shallow (Idonearca, Grano-
cardium, Pinna) and deep (Aphrodina, Cyclorisma) infaunal
suspension feeders are locally common. Faunal distribu-
tion may be primarily controlled by taphonomic bias rather
than ecology because of the preferential dissolution of ara-
gonitic shells.

LOWER SHALE MEMBER OF THE MANCOS SHALE

The lower shale member of the Mancos Shale at Black
Mesa extends from the base of the formation to the top of a
thick bentonite (BM54) above a several-meter-thick inter-
val of alternating bentonite and calcareous shale (Fig. 1).
The member is thickest in the northwest, at Coal Chute,
where it is measured as 66.88 m thick. It is 54,13 m thick at
Blue Point and 54.64 m thick at Lohali Point (Kirkland, 1990,
1991). Fifty-four marker beds (BM1-BM54) that can be corre-
lated as chronostratigraphic horizons over local to regional
areas on the basis of their relative position to each other and
to nine biostratigraphic zonal boundaries provide a basis for
refined analysis of the sequence.

The numerous marker beds and zonal boundaries can
be used to demonstrate a close correlation of the lower shale
member to the Bridge Creek Limestone Member of the
Greenhorn Limestone in central Colorado. However, this
correlation includes the upper few of meters of the Hart-
land Shale Member of the Greenhorn Limestone and a few
meters of the Fairport Member of the Carlile Shale (Fig. 2).

Lithologically, the lower shale member is dominated by
olive-gray (5Y4/1), highly calcareous shale. At the base of
the section the shale is silty, with silt content decreasing and
carbonate content increasing rapidly from the base of the sec-
tion. Overall, these shales are moderately to well bioturbated.
The presence of calcareous silt and very fine sand, composed
mostly of foraminiferan and inoceramid prisms, gives the
shale a gritty texture. Marker beds are an important feature
of this member and provide a convenient basis for further
subdivision into a lower, middle, and upper part.

The lower part of the lower shale member extends
upward to the top of BM17 and consists of calcareous shale
with prominent bentonites and laterally persistent concre-
tion horizons toward the base. Shell beds occur at several
horizons, at and between biozone boundaries. At Lohali

' Point a disconformity at the Cenomanian-Turonian bound-
ary is unusual because of the presence of a single discon-
tinuous fine-grained sandstone bed 1 m across and 9 cm
thick, which may represent a starved gutter cast. Most of
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this interval has been discussed in some detail by Elder
(1987a, b, 1991).

The distribution of faunas within the lower part of the
member is quite complex. Sageman (1985; Kirkland 1990)
found the interval up to BM4 to have a low diversity fauna
(3to 5 taxa). It is dominated by epifaunal suspension feed-
ers, notably Pycnodonte aff. P. kellumi near the base, with
Plicatula present throughout the interval. Deposition of the
basal Mancos Shale ensued when, with rising sea-level,
water depth exceeded storm wave-base. During the
Metoicoceras mosbyensis Zone, silty shale, notably lacking
in sandstone and containing few macrofossils, was depos-
ited along the north and east sides of Black Mesa while
shallow marine sandstones containing a moderately di-
verse fauna continued to be reworked by storm processes
in the southwestern part of Black Mesa. Sageman (1985),
building on research by Pratt (1984) and Kauffman (1984a),
has proposed that widespread dysaerobic to anoxic condi-
tions at the sediment-water interface existed at this time
across much of the seaway, in part, as a result of restriction
of circulation of normal marine waters into the seaway by
the deposition of shelf sands well out into the seaway
(Twowells Sandstone Tongue of the Dakota Formation in
New Mexico) leading to increased salinity stratification.
The depauperate fauna of the basal Mancos Shale in the
area of northeastern Black Mesa, assuming the postulated
stratification of the water column, would reflect appreciable
water depths below which little significant mixing of the
water column occurred, thus indicating depths below storm
wave-base. This view is further supported by the presence
of bentonite marker beds near the base of the section and
by a lack of discrete storm-deposited sandstones.

Faunal diversity increases markedly just below BM4
with development of the Sciponoceras gracile fauna. This
fauna is the most diverse fauna recovered from the Mancos
Shale at Black Mesa (more than 50 taxa) and perhaps the
most diverse in the Western Interior (Koch, 1977; Elder,
1987a, b, 1989). The fauna is dominated by an almost equal
number of infaunal and epifaunal suspension feeders, with
lesser numbers of deposit feeders, benthic carnivores, and
ammonites. Faunal diversity and abundance decrease
throughout the Neocardioceras juddii Zone (to less than 10
taxa). Inoceramids first become abundant at the base of this
zone; however, above this level, deposit feeders (mainly
Drepanochilus ruidium) dominate, and suspension feeders
become progressively less abundant. Strata at the
Cenomanian-Turonian stage boundary are marked by a
depauperate fauna, a short-term peak in organic carbon
levels, and a marked increase in percent carbonate (Elder,
1987a). Shell beds up to the stage boundary are often domi-
nated by sessile epifauna, with either Pycnodonte or Serpula
forming laterally continuous biostromal accumulations. A
short distance below BM15, faunal abundance increases
with a dramatic increase in the abundance of the ino-
ceramid Mytiloides. From this point upward through the
lower shale member the fauna is dominated by epifaunal
suspension feeders.

Sea-level rise and rapid transgression at the base of
the Sciponoceras gracile Zone led to a warming and normal-
ization of seawater as well as to the deposition of calcare-
ous shale across the entire Black Mesa Basin (Kauffman,
1984a, b; Elder, 1987a, b) and marked the beginning of
deposition of climatically forced limestone-shale cycles in
the central part of the seaway (Barron and others, 1985;
Elder and Kirkland, 1985). Concretions and shell-rich ho-
rizons through this zone reflect this cyclicity at Black Mesa,
correlate to bioturbated limestones in the basal Bridge
Creek Limestone Member of the Greenhorn Limestone, and
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represent periods of further normalization of marine con-
ditions (Elder, 1987a, b, 1991). The presence of bryozoans
and echinoids at Black Mesa, generally restricted from the
seaway, supports normalized salinities and oxygen levels
at these times rather than the somewhat depressed salini-
ties normally reported for the seaway (e.g., Kauffman,
1969). Elder (1987b) provided evidence that concretion
horizons and the shell beds present at most biozone bound-
aries record short-term sediment bypass events.

A second transgressive pulse is recorded by a slight
disconformity (indicated by shell beds, siltstone, and
calcarenite) at the base of the Neocardioceras juddii Zone.
Once again water temperature increased and additional
warm water taxa entered the seaway (e.g., vascoceratids);
however, many of the species (particularly ammonites)
characteristic of the Sciponoceras gracile Zone had become
extinct, marking one of the major steps in the Cenomanian-
Turonian extinction event (Kauffman, 1984a; Elder, 1987a,
b, 1989, 1991). Furthermore, highly stenotopic taxa were
once again excluded from the faunas. Faunal diversity con-
tinued to decrease throughout the Neocardioceras juddii
Zone, with a striking increase in the abundance of the de-
trital-feeding gastropod Drepanochilus. This last taxon de-
creases in abundance before the top of the zone, reflecting
further declining of environmental conditions through to
the end of the Cenomanian as discussed by Elder (1987a).
The presence of free-living epifaunal oysters throughout
the upper Cenomanian indicates low sedimentation rates.

A third transgressive pulse is indicated near the be-
ginning of the Turonian by sediment condensation in the
offshore sections and a sharp increase in carbonate con-
tent. Faunal abundance also increases, indicating a marked
improvement of environmental conditions (see also Leckie
and others, 1991).

The middle part of the lower shale member extends
from the top of BM17 to the base of BM36. It is character-
ized by alternating calcisilt and bioturbated calcareous
shale, with minor bentonites toward the top. The base of
this interval is highly condensed in the area of northeast-
ern Black Mesa where resistant, bioturbated marlstones
replace the calcareous shale. The presence of the Green-
horn Limestone Member in the area of northeastern Black
Mesa reported by Peterson and Kirk (1977) probably re-
fers to this interval.

Faunas in the middle part of the lower shale are mostly
epifaunal suspension feeders dominated by common to abun-
dant inoceramids of the genus Mytiloides and to a lesser de-
gree the small encrusting oyster Pseudoperna bentonense.
Another common epifaunal suspension feeder is Phelopteria.
Various types of ammonites are common elements and may
locally be abundant. In addition to encrusting inoceramids,
the oysters often form multigenerational biostromes at the
top of calcarenites associated with the calcisilt marker beds,
indicating extensive exposure of these coarse substrates on
the seafloor. Diversity through this interval ranges from 10 to
15 taxa, generally being somewhat less diverse to the north-
east and consistently includes some infaunal suspension feed-
ers (Corbula, Cyclorisma), the deposit feeder Drepanochilus, and
the deep infaunal generalist Lucina. Carnivorous gastropods
commonly make up a small percentage of the fauna in the
southwest at Blue Point.

The alternation of bioturbated shale and calcisilt in the
middle part of the lower shale member reflects the maxi-
mum influence of pelagic sedimentation found at Black
Mesa. Marker bed correlations between Black Mesa and
the central seaway suggest that the bioturbated shales cor-
relate to bioturbated limestones, and the calcisilts corre-
late to calcareous shales. This suggests modification of

previous models for correlation of these deposits (e.g.,
Kauffman, 1988). Limestone-shale couplets developed in
the central Western Interior fit well the Gilbert-Fischer cli-
matic-forcing hypothesis (Gilbert, 1895; Hattin, 1986a, b).
Pratt (1984) reported that during dry climatic intervals the
water column was well mixed and the pelagic carbonates
were extensively bioturbated; during wet climatic intervals
extensive fresh water runoff led to a salinity-stratified water
column with reduced oxygen levels near the bottom and
increased preservation of organic matter. Sediment bypass
recorded by the calcisilt beds perhaps represents the re-
peated effect of storm-induced geostrophic currents below
storm wave-base during wet climatic intervals. This may
be one mechanism by which clay is transported into deeper
basinal areas (Kirkland, 1990).

The decrease in faunal diversity from the more shore-
ward section at Blue Point to the offshore section at Lohali
Point continues into the deeper parts of the basin, where
inoceramids and ammonites dominate the fauna (Kauffman,
1969; Elder and Kirkland, 1985). This change in diversity re-
flects increased mixing of the water column in shallower parts
of the seaway and stratification in the deeper parts.

The upper part of the lower shale member is particularly
distinctive, being made up of alternating bentonite and cal-
careous shale. This interval has been referred to as the bento-
nite swarm (Eaton and others, 1987) and is also present just
above the Bridge Creek Member of the Mancos Shale in the
northern San Juan Basin of northwestern New Mexico and
about 100 m above the base of the Tropic Shale in the south-
ern Kaiparowits Basin of south-central Utah. This interval
records increased volcanic activity, which may be responsible
for a decrease in faunal abundance and diversity.

A sparse fauna (3 to 15 taxa per sample) composed of
almost equal numbers of inoceramids and ammonites char-
acterizes the upper part. Inoceramid spat are abundant at
a number of horizons. The occurrence of horizons covered
by inoceramid spat may indicate short-term intervals when
the substrate was suitable for colonization, followed by
mass mortality as conditions deteriorated.

MIDDLE SHALE MEMBER OF THE MANCOS SHALE

The middle shale member of the Mancos Shale at Black
Mesa extends from the top of BM54 to the begining of a 15-
to-20-m-thick interval of interbedded fine sandstone and
noncalcareous shale marking the base of the Hopi Sandy
Member, as described below (Fig. 3). The middle shale
member is thickest in the southwest at Blue Point, where it
is 54.69 m thick. It gradually thins to the northeast and is
42 .4 m thick at Lohali Point (Kirkland, 1990, 1991).

Seventeen marker beds (BM55-BM71) are recognized
in the middle shale member. The entire member lies within
the range of Collignoniceras woollgari woollgari, with the only
biozone boundary defined by the last occurrence of
Mytiloides hercynicus. Correlations based on the'marker
beds are considered to be fairly reliable between the sec-
tions in northern Black Mesa, but correlations with south-
western Black Mesa are considered to be highly tentative
at present. No attempt has been made to correlate these
marker beds with sections outside the Black Mesa area,
although based on the stratigraphic position of this mem-
ber, in large part it correlates to the Fairport Member of
the Carlile Shale in the central Western Interior.

Lithologically, the middle shale member is dominated
by well-laminated, silty, olive-gray (5Y 4/1) shale, which
is moderately calcareous except for a 20-m-thick interval
extending from just above the base of the member to BM65
in the southwest at Blue Point. Calcareous shale is last re-
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corded 2 to 10 m below the base of the Hopi Sandy Mem-
ber. The rapid decrease in carbonate near the base of the
member demonstrates a reduction in pelagic carbonate
productivity associated with progradation of the shoreline
from the southwest. The return to more calcareous shale
in the middle of the member indicates a short-term rever-
sal in this progradation. Progradation then continued
through the rest of the interval (Kirkland, 1990).

These shales display graded bedding ata 0.5to 2 cm
scale, with the coarser, mainly silt-sized fraction consist-
ing of fecal pellets, quartz, and fine plant debris. These
sedimentary features are reminiscent of graded rhythmites
as described by Reineck and Singh (1972). Uncommon thin
(<1 cm) sandstones and starved gutter casts are commonly
associated with ripple bedding and current-oriented fos-
sils. These features are interpreted to represent distal storm
deposits (Aigner, 1985). Thickness trends and the distribu-
tion of calcareous shale indicate that the sediment was
sourced from the southwest.

Less common lithologies include intervals of
bioturbated calcareous shale (particularly near the middle
of the member in the southwest), bentonites, calcisilts, con-
cretions, and dark noncalcareous shale. Thin bentonites are
scattered through the member, being most common near
the base in the northern sections. A few calcisilt horizons
are found near the base of the member in the northern sec-
tions. Two horizons of septarian concretions, associated
with bioturbated shale, are found near the top of the mem-
ber in the southwest at Blue Point. These are separated by
a few meters of finely laminated shale, which contains scat-
tered siderite concretions and unaltered aragonitic fossils.
The top of the member at Blue Point consists of approxi-
mately 6 m of dark, olive-gray (5Y3/1), noncalcareous shale
with a few thin sandstone beds (< 1 cm) and small, largely
uncrushed fossils. The shale forms a distinct dark band
below the Hopi Sandy Member.

Faunas in this member are of fairly low diversity, with
10 to 15 taxa per sample at Blue Point decreasing to 5 to 8
to the northeast at Lohali Point. These faunas are domi-
nated by epifaunal suspension feeders (mainly large
Inoceramus cuvieri and encrusting oysters) with an abun-
dance of the ammonite Collignoniceras woollgari. Infaunal
suspension feeders (Corbula, Cyclorisma, Turritella), the deep
infaunal generalists (Lucina and Solemya), and deposit feed-
ers (Nucula, Levicerithium) are also present and generally
increase in abundance and diversity up section through the
member, with a parallel decrease in the abundance and
diversity of epifaunal suspension feeders. However, infau-
nal taxa are much more common in the southwest as com-
pared to the northeastern part of Black Mesa.

Although a significant infauna is present on the land-
ward side of the basin at Blue Point, the preservation of
finely laminated shale indicates that the sedimentation rate
was high enough to limit the overall effect of bioturbation
through much of the interval. An overall increase in sedi-
mentation rate and decrease in substrate firmness are in-
dicated by the replacement of epifaunal suspension feeders
by infaunal suspension and deposit feeders. The great de-
crease in benthic abundance and diversity accompanied by
a decrease in bioturbation in a seaward direction indicates
continued unfavorable conditions in deeper parts of the
basin. If these conditions involve reduced oxygen in the
lower part of the water column, water depth increased sig-
nificantly from the southwest to the northeast. This sug-
gests the presence of a slope on which storm-induced
turbidity currents may have deposited the graded
rhythmites observed in this member.

HOPI SANDY MEMBER OF THE MANCOS SHALE

The Hopi Sandy Member was first referred to by
Repenning and Page (1956) as a prominent sandstone zone
midway up the Mancos Shale slope. Subsequently, Peterson
and Kirk (1977) referred to it as the middle sandy unit. The
widespread and easily recognized nature of this interval
was the basis for raising this unit to a formal member of
the Mancos Shale (Kirkland, 1991).

The Hopi Sandy Member ranges from 12 to 22 m in
thickness across Black Mesa, generally thickening from the
southwest to the northeast (Fig. 3). Itis 15.1 m thick at Blue
Point, 15.84 m thick at Coal Chute, and 21.11 m thick at
Lohali Point (Kirkland, 1990, 1991). The base of the mem-
ber is placed where thin, fine-grained sandstones become
common (every 10 to 20 cm) just above the highest calcar-
eous shale. The upper contact is placed where thin sand-
stones rapidly disappear, generally just above the most
prominent sandstone in the member (Fig. 3).

Sandstones within this member are fine- to very fine-
grained, subfeldspathic to feldspathic, yellowish-gray
(5Y7/2) arenites. The grains are angular, with calcite re-
placing much of the feldspar. Fine grains of mica and plant
debris are often abundant along bedding planes.

Sedimentary structures associated with the individual
sandstone units have a distinct vertical sequence. The bases
are sharp and typically scoured with prominent flute casts,
tool marks, gutter casts, and washed-out burrows. Shell
material is often concentrated above this surface. Internally,
very low angle to planar bedding and /or small-scale hum-
mocky cross-bedding is found toward the base and ripple
stratification at the top of the sandstone beds. Overlying
the sandstone beds, finely interbedded silty shale, shale,
and very fine sandstone may be draped over the ripples.
Burrows penetrate each unit from the upper surface to vary-
ing degrees.

The abundance and thickness of individual sandstones
increase upward through the member. At the type section
and at most other exposures in the southwest there are two
overall coarsening upward sequences, which form a two-
tiered bluff in the Mancos Shale slope. To the north and
northeast, where the Mancos Shale slope is not broken by
the Hopi Sandy Member, one overall coarsening-upward
sequence can be distinguished. The abundance and thick-
ness of sandstone units also increase to the southwest and
are most strongly developed at Blue Point.

To the north and northeast, where no break in slope
can be distinguished, the member is most readily recog-
nized by the presence of thin sandstone slabs that litter the
slope. Also characteristic in this area are large (as much as
a meter across) septarian concretions and cone-in-cone
horizons paralleling individual sandstone units.

The Hopi Sandy Member is interpreted to represent a
shelf environment within the reach of storm wave-base.
This is indicated by repeated scoured surfaces followed by
a sequence of sedimentary structures reflecting decreas-
ing energy. Proximity trends, as discussed by Aigner{1985),
indicate the shoreline was to the southwest. In addition,
the feldspathic nature of the sediments indicates a south-
ern source area.

The widespread nature of the Hopi Sandy Member
indicates a significant offshore component to sediment
transport. This may be an artifact of a sea-level still-stand
allowing for repeated winnowing and reworking of sand
seaward into equilibrium with storm wave-base. An alter-
native explanation could be that much of the seaward trans-
port of fine sand was.by way of turbid sediment plumes
being discharged from distributary channels along the coast




























































































































































































































































































































ORDER CROCODILIA
unidentified crocodilian remains

Discussion — Isolated crocodilian teeth and scutes are
rarely found in the shale facies of the upper sandstone
member of the Dakota Formation and lower sandstone
member of the Toreva Formation and is commonly associ-
ated with fluvial deposits of the middle carbonaceous mem-
ber of the Dakota Formation on the north side of Black Mesa
(MNA loc. #924).

ORDER SAURISCHIA
unidentified theropod teeth

Discussion — A few isolated theropod teeth have been
recovered from fluvial deposits of the middle carbonaceous
member of the Dakota Formation on the north side of Black
Mesa (MNA loc. #924).

ORDER ORNITHISCHIA
unidentified ornithepeod tracks

Discussion — Tracks of a large unidentified ornithopod
have been recognized in the middle carbonaceous member
of the Dakota Formation at a few localities on the southwest-
ern side of Black Mesa (MNA loc. #344, #964).

ACKNOWLEDGMENTS

The author thanks the Navajo and Hopi tribes for per-
mission to conduct fieldwork on their tribal lands. Further
thanks are extended to the Museum of Northern Arizona,
Flagstaff, for providing logistical support over the course
of several years for field work. Financial support for field
work was provided in part by AMOCO, ARCO, EXXON,
and SOHIO funds administered through the Department
of Geology, University of Colorado, Boulder. Additional
funding was provided by Geological Society of America
research grant 3457-85. Assistance and comradery in the
field were provided by Jon Cooley, Richard Diner, William
P. Elder, Michael Gardener, Robert Mark Leckie, Hilary
Mays, James Olesen, Jennifer Pearson, Bradley B. Sageman,
Maxine Schmidt, and Kenneth Sleeper. Appreciation is ex-
tended to J. Dale Nations for introducing the author to the
field area and for being a constant source of encourage-
ment and moral support throughout the course of this re-
search. Taxonomy benefited from the assistance of John W.
Wells, coelenterates; Alan Cheetham, bryozoa; Norman F.
Sohl, gastropods; Erle G. Kauffman, bivalves; and William
A. Cobban, ammonites. The countless discussions with
William A. Cobban concerning this research has added
greatly to the reliability of the data presented here. The
stimulating working environment provided by Erle G.
Kauffman and his students while the author attended the
University of Colorado is gratefully acknowledged. Fur-
thermore, Dr. Kauffman’s aid and backing in this research
has been essential to the final completion of this work.
Thanks are due to the Dinamation International Society for
providing the author with time and resources to prepare
the final manuscript for publication. Funding for the pub-
lication of this manuscript was provided AMOCO, ARCO,
the Saurus Institute, the Dealey Expedition Fund of the
Shuler Museum of Paleontology at Southern Methodist
University, and the New Mexico Museum of Natural His-
tory and Science. Detailed proofing of the manuscript was
provided by Susan Kirkland, Erle Kauffman and Donald

]

113

and Joan Chaffin. Spencer G. Lucas edited the final ver-
sion, and Mary Colby prepared the camera-ready copy.
Finally, I would like to thank my entire family for their
support through seeing this project to completion.

REFERENCES

Abbott, R.T., 1968, A guide to field identification; seashells of North
America: Golden Press, New York, New York, 280 p.

Adkins, W.S., 1928. Handbook of Texas Cretaceous fossils. Texas
University Bulletin 2838, 385 p.

Adkins, W.S., 1931, Some Upper Cretaceous ammonites of western
Texas: University of Texas Bulletin 3101, p. 35-72.

Afshar, F,, 1969, Taxonomic revision of the superspecific groups of
the Cretaceous and Cenozoic Tellinidae: Geological Society of
America, Memoir 119, 215 p.

Agassie, .M., 1967, Upper Cretaceous Palynomorphs from Coal Can-
yon, Coconino County, Arizona: Unpublished M.S. thesis, Uni-
versity of Arizona, Tucson, Arizona, 104 p.

Aigner, T., 1985, Storm Depositional Systems—Dynamic Stratigra-
phy in Modern and Ancient Shallow Marine Sequences: Lec-
ture Notes in Earth Science, v. 3, Springer Verlag, Berlin, 174 p.

Allen, J.A., 1958, The basic form and adaptations to habitat in the
Lucinacea (Eulamellibranchia): Philosophical Transactions
Royal Society of London, v. 241, p. 421-484.

Allmon, W.D., 1988, Ecology of recent turritelline gastropods
(Prosobranchia, Turritellidae); Current knowledge and paleon-
tological implications: Palaios, v. 3, p. 259-284.

Armstrong, R.L., 1968, The Sevier orogenic belt in Nevada and Utah:
Geological Society of America Bulletin, v. 79, p. 429-458.

Arkell, W.]., Kummel, B., and Wright, CW.,, 1957, Mesozoic forms;
Systematic descriptions: in Moore, R.C., ed., Treatise on Inver-
tebrate Paleontology, Part L, Mollusca 4, Cephalopoda
Ammonoidea, University of Kansas Press, L80-1465.

Atabekyan, A.A., 1966, New genus Koulabiceras from the Turonian of
the eastern parts of central Asia: Izvestiya Akademiya Nauk-
Armyanskaya S.S.R. Yerevan, v. 19, p. 75-78 [In Russian].

Badillet, G. and Sornay, J., 1980, Sur quelques formes du groupe
d’Inoceramus labiatus decrites par O. Seitz. Impossibilite d’utiliser
ce groupe pour une datation stratigraphique du Turonian
inferieur du Saumurois (France): Compte Rendus Academie du
Science Paris, v. 290D, p. 323-325.

Barber, W., 1957, Lower Turonian ammonites from north-eastern Ni-
geria: Bulletin of the Geological Survey of Nigeria, v. 26, 86 p.

Barnes, H., and Bagenal, T.B., 1952, The habits and habitat of
Apporrhais pespelicani (L.): Proceedings, Malocological Society
of London, v. 29, p. 101-105.

Batt, R.J., 1987, Pelagic Biofacies of the Western Interior Greenhorn
Sea (Cretaceous); Evidence from Ammonites and Planktonic
Foraminifera: unpublished Ph.D. dissertation, University of
Colorado, Boulder, Colorado, 778 p.

Batt, R.J., 1989, Ammonite shell morphotype distributions in the
Western Interior Greenhorn sea and some paleoecological im-
plications: Palaios, v. 4, p. 32-42.

Bergquist, H.R., 1944, Cretaceous of the Mesabi Iron Range, Minne-
sota: Journal of Paleontology, v. 18, p. 1-30.

Bilodeau, W.L., 1986, The Mesozoic mogollon highlands, Arizona:
An Early Cretaceous Rift Shoulder: Journal of Geology, v. 94,
p. 724-735. )

Boekschoten, G.J., 1966, Shell borings of sessile epibiotic organ-
isms as palaeoecoloical guides (with examples from the Dutch
coast): Palaeogeography, Palaeoclimatology, Palaeoecology,
v. 2, p. 333-379.

Bése, E., 1918, On a new ammonite fauna of the Lower Turonian of
Mexico: University of Texas Bulletin, v. 1856, p. 173-257.

Bose, E., 1923, Algunas Cretacicas de Zacatecas, Durango y Guerrero:
Bulletin Instituto Geologica de Mexico, v. 42, p. 181-189.

Bottjer, D.J., Roberts, C., and Hattin, D.E., 1978, Stratigraphic and
ecologic significance of Pycnodonte kansasense, a new lower
Turonian oyster from the Greenhorn Limestone of Kansas: Jour-
nal of Paleontology, v. 52, p. 1208-1218.

Bralower, T.J., 1988, Calcareous nannofossil biostratigraphy and as-
semblages of the Cenomanian-Turonian boundary interval;
implications for the origin and timing of oceanic anoxia: Pale-
oceanography, v. 3, p. 275-316.







$ . H#+ %) & +%" %7 &% $E)%G/I$)%" 3%"H
Y#"4( 0-@ 6- BB<ABBB-

7)&) -- 9 3"%# # #) 0" ) #+ &I#+$) $H
"™ $%G $E)%' "4 %" #( 4&# O 2 6- A:@-

Y0%) -- 97 . )# &+™ $.%), #$%)84$ && ) ) #+
$#H&+ 1$/15%8& G W($ - %), "%+$ - & ,H
VH%S( %), 0"1# )%S( ("8G #I$ #& ) %$H+ H
) &0- 6$)4$A $'%4 $') ,"5%4 1*$7 7(
6- 29A@>-

$18& -- 9 #)& &W+%EHS) SE)NG )#, HO# &
"4 %" 1$0 (3% && )%"3%6$ ?? 6

%) I-- DST"%), I-- '&H%&) -- Y%# )& I-- $%)E(7

D-i- ($ -- %), %$$ -- 9> #EYoH 4$%6+( $$ "%6H )
%), # #) HE)A %# $H#% 1&S$ T& )#+ D% 6%S$ 1 #&
%), "% 7 &% 5%&)&G $E )% 1$%! ' "4(%), )H

$%"  4)"4( " "4 %" IS0( %)+ 6 %" 3%6$ @

+$ -- $%.) $% $.#+ $H#% 1& %S"" +%"
"$%, G )HEEW )& $. #+ 1&+.%) 1)%# ) $
$%.) $%" &%$+ O- > 6- A:-

+$ -- ) .%) %) %), 1$) %) 6"%)7#) $%. )H
$% $.#+ &HS) WS S #+ )#, HUH&G ) M $)%H
#)%" ) $) )3"U)TH) $ &&"& &% ') 0%
1#E$'%), > 3% - 0-BG ,) #+$'%)& -- $™
6 :A>?-

+$ -- %), )$ - 9@ $%.) $% %& ), %# )& 1%H
#S .%&& ) #H+ $H% 1&'S )+$) &% &#S$) S $G )
3$%### - D% %) - %), K"# - & )A$%), 6&H
H& %), % & #H+ $#H% 1& &#$) S $ %1%(O
0,) (" ,.)H%$(3% &&&G #( ).
30" )" 4 &HR %), ) $%" 4&#H& $61,5 7 -? 9@
(%S #)4 ') "$%, 6- <A>-

+$ -- %), $&H™ 3 >< ) .%) %) %), '$)%) $%H
) $% $.#+ '$U%H3%)& ) #, #HHHE&G $6%" )#"H
40 6-B AB?-

J&" - %), "%+$ - 9B (" %), 0)# #5%# %# )G
63)4$A $'%4 1*$7 @: 6

7.9%" -- 90 3#%™& 6%" SUH+(. #$ )# $6S #o# )& 5%& ,
YHS%  && " %&& .5'%4 &G 3%"% & O-: 6- ? 2A?>B-
7.9%" <= $( -- %),3.5%#) - 9?2 +)"4(C

#3% &&"& )&, . #" 4( %), &H#SYH 4$%6+(G  #( H
). 3%" )#"4&H#H& %), )$%N"4&HE& 3 +$# I1$&
)- @:>6-

"% -3 9@ # 6%HH B)& %P &E& #+ ) .%) N)A!$) %)
2#)# ) 51),%%( ) %$ 3!5"  "$%, G ) 3$%H#H -
D%! .%) - %), K"# - & )A'$%), 6&#& %),

% & #+ $HW 1& &#S) HS $ %1%w(C 0,)

(", )H%$( 3% && &G #( ). 3%" )H
#"48&H#& %), )PN"4&H#& $6'"1,57 -? 9@ ,H
(%$ #)4'") "$%, 6- @>A -

"% -3 % + 6%" "4( #+ ) .%) %)A!$) %)
8$#% & &#%4 51),%$( %# "% 7 &% $E)WG 3%"% &
0-B 6- B?A?<-

"% -3 955 ).%)%)A!$)%)8S#% & #%4 !)H
%P( 2#)# )& )H#H+ &#S) )VHS $ #+ ) #, #%# &G )H
6!5" &+, 3+ -, && $#%H# ) )OB&KH#( "$%, !"'$
"$%, B 6-

"% -3- 9 "M& %) 2#)# ) 6%#HH# $)& % $ && #+
) .%) %)A 1$) %) &#%4 51),%$B( ) #+ &#3P) H$ $

#+ ) #, #0# &G 3%" 5 "4( 0- @ 6-B A:B<-

"6 -3- % "I& %)6%" MW" 4(%),&,.)H# )6%iHE$)E&

#+ ) .%) %)A$) %) 2#)# ) Y $0%" ) #+ & 1#+H
$) "$%, 3"%H %! $4 )G ) W# )& /-- %), %) /--
&= #3%# 4$%6+( 6 &# )%" )0$).)#& %), ,.)H
#%P( #) & #H+ H+H1E&HS) %NB4) $H#% & &#$)
WSS %1%( ' "4 %" # .$ % 6 %"3%63$
B< 6- :A:>-

“$ -3- 5 % )-&6-G% 4!, &&" $#+ 5%&

#+ 1$)%) )#+ &#SP) WS S  $H#+ .$ %G/ I$H
)%" 3%" )#"4( 0- @ 6-B:?AB? -

"$ -3-%), 2 -- B %# $#% &) $%.,50%"0&

#+ DI&T 71. %&) & WH+1 &# $) "%&7% %), #+ $ .H
6" %# )& $5%&) 0"# )G + 3%" ¥ "4 %" #( H

$B 8/1$)%" 3%" )#"4( 0 )-B &66-; : 6-

"$ -3- %), D$7'%), /-- 9@ #3$%#H 4$%6+( %), ,6 &# )%N"
J0$) )& #+ $.4 $7 .&#) 5% #+

$)+$) L &H) %H T %)) %)HE ") ) %S 315"
"$%, G ) 3$%### - - D%! %) -- %), K"# -- &
YAAS% ), B&HE %), % & #+ $H#W & &#$)
WSS %1%G 0,) (" ,.)H%S$( 3% &&&

H( ). 3%" " AKHEY), )SW" 4 &H& ", $6
1,57 -2 9@ (%$ #)4 '")) "$%,

"o D- %), %# )& I-- 9 $1%&6 8Q; 5!$$ 1& $.
Ht SH% 1& %TH% S.%# ) ) $H+$) $E)%G 5H
SHSW HE (6 &) ) W1 &HS) ' " 4( %), 3%" 4 "H
4(1&1.  $#H+$) SE)% "%48H% $E)% 6->-

.$&) -D- %),/% 5&) -D- > + .$ %) &L
WHIS%" &HS(C ', # +"&C %), $&+1%HS %), %H
$) $. 0% #%# "$,%G "$,-D)6 )- 1
*$7 29B 6-

#+$,4 - O>B &$6#) #+ 3% E %), &E &H

&"& $.1)&"%),G 1%$#$"(/1$)%" ' "4 %" #(
),) 0-B9 6 >A@<-

N CU4 %' %6 #+ 51 19,$%)4" %H
0%J H( SE)%G )#, #%#H &' "4 %" 1$0( 1%,H
$9)4" 1 "4 %" %68 #+ )#, HUH#& %6 ' A@?@-

$%) E(7 D-I- 99 #$%#4$%6+ $0& ) %), ,6&# )%" )OH
$).)H& #+ 66$ $H#% & $0% $.%# ) ) #+
Y$H+S) "% T &% %$% %0%J %), 6%+ # & $H
E)%G )#, #%# &' "4 %" 1$0( " #) 9@ :B 6-

$1, - %), %%5 - 1% 1$)%) %..)#& $.

&$% "G 6 %" 3%6 $& ) 3%"% )# " 4( 0-? 9:6-

$( -- %), 1%$, /-- >< 6%$&) 66%$ $#% 1&
+) %N%E $.8&" 1& &%),&H) & %), +%"T &#$) H
#$$4) ---G)$.& -3 %), %S6S$ /-- & $%

&&"& "4 %)% 6 %" &&!)-: " 1& 3$8&&
0$6 " '$%H $#%) 6- ?A -

$( --%),3.58%) - 9?2 $% &&" % &.,"&G )
TS - - % & ,"& & ), H#) &)

%)%,% 6$)# $ & 6- 9AB<>-
$( --%), "%+$ - 9< ) $.#( .%$) )0 $#5$%H#
+)"4G #+% % O : 6- 9:AB<>-
$I&+ 3- %), +$ -- >@ ).%)%)%), 1$)%) $%H
) $%%),6%" )0$). H& )H+ 4 ),$4) 2%&
%), 2 G ) %"1™ - - $H#% 1& (&H. ) #+
&) S S SHr .S UG "4 % H %)%%
6 %"3%6$ : 6- B>>A:<B-
1$& + -- %), D$7%), I-- O  &HS%#) .(%), 3%" "H
40 % $#% '&53% 7 &+"%4 )G 3%"% & 0- 6- @?:A@ <-
%$( -- 9 0" )%$( , ) 8$#% 1&
0%"0 %;G 1)6!5" &+, --#+ & & )0 B&#( " $%, I"H
5 "$%, : 6-
""5%# -D- 9@ ,.)H%$(. %&!$.)H 4 "4 #.G/I$H
Y%" ' "4( 0-: 6- BAB>-

T %), B5%) -- > #$%#H 4$%6+(%), 4 "4 + &#

#+OJHU%)% '$16 %), =1 0%")#S T& )H%)% (H
)4 %), SH+ %), W+ %T HWG )#, HUHE ' "4 %"
1$0 (3% && )%" 3%6 $ >> >6-

")&H#HS -- %), D% %) - 9@ 4+$&"H# ) &HSYeH 4$%H

6+( %), ,6 &# %" +&H# S( #+ '$ )+ $) $4$&&0
.o ("#e. T %)) )E") 315" "$%, G )
3$%## -- D%! %) -- %), K"# -- & )A4$%),
6&#HE %), % & #+ $H% 1& &#$) WS $ %H
1%(G 0,) (" ,.)#%$(3% && & #( H
). 3%" )#"A&H& %), )$%"4&HE& ", $6'1,5 7
-2 9@ (%S #)4 ') "$%, 6- ><AO:-
SAG( -- > A #H %0%I )ES(G ) #, HUH &
"4 %" 130 (3% && )N"3%6$ @ 6-
1SS - %), ()# -- 99 3% .%# ) %), ,)4)#+
V%# , 4%&H#$ 6, 1 8 ,%"4 ;G 3%"% A
4 4%%6+( 3%"% " .%#"4( 3%"% "4( 0- 9 6-? A@B-
NEHY%E&) -- O HEH ASW6+(%), . )H"A( #+ "
$#% 1& 85 %)A ) .%) %); %7 #% $.%# ) #+H
18&#S$) #%+G 1)BI5" &+, 3+-- , && $HI# ) ) 0 $& #(
"$%, !"$ "$%, :?B6-

Y8 - - JHS%EE  0%S$ %# ) ) %), )# 4)( -
" & %), & F S %) &1
%#1$%" &# $( ""#) 0-9 6- ? ABB?-

%"%. - 9 $6+"4( 6%" "4( %), 0" ) #+

4)& "% ) #+ $SH#H&*F &G (%' #(  ),)
3+" & 6+ %" $%)&% # )& 0-B@? 6- AB9-



116

Harshbarger, ].C., Repenning, C.A., and Irwin, ]J.H., 1957, Stratigra-
phy of the uppermost Triassic and Jurassic rocks of the Navajo
Country: U.S. Geological Survey Professional Paper 291, 74 p.

Hattin, D.E., 1962, Stratigraphy of the Carlile Shale (Upper Creta-
ceous) in Kansas: Kansas Geologic Survey Bulletin 156, 155 p.

Hattin, D.E., 1965, Stratigraphy of the Graneros Shale (Upper Creta-
ceous) in Central Kansas: Kansas Geologic Survey Bulletin 178,
83 p.

Hattin, D.E., 1967, Stratigraphic and paleoecologic significance of
macroinvertebrate fossils in the Dakota Formation (upper Cre-
taceous) of Kansas: in Teichert, C., and Yochelson, E.D., eds.,
Essays in Paleontology and Stratigraphy; R.C. Moore Com-
memorative Volume, The University of Kansas Press, Lawrence,
Kansas, p. 570-589.

Hattin, D.E., 1971, Widespread, synchronously deposited beds in the
Greenhorn Limestone (Upper Cretaceous) of Kansas and south-
eastern Colorado: American Association of Petroleum Geolo-
gists Bulletin, v. 55, p. 110-119.

Hattin, D.E., 1975a, Stratigraphy and depositional environment of
the Greenhorn Limestone (Upper Cretaceous) of Kansas: Kan-
sas Geological Survey Bulletin 209, 128p.

Hattin, D.E., 1975b, Stratigraphic study of the Carlile-Niobrara (Up-
per Cretaceous) unconformity in Kansas and northeastern Ne-
braska: in Caldwell, W.G.E., The Cretaceous System in the
Western Interior of North America, Geological Association of
Canada, Special Paper, no. 13, p. 195-210.

Hattin, D.E., 1985, Distribution and significance of widespread, time-
parallel pelagic limestone beds in Greenhorn Limestone (Up-
per Cretaceous) of the central Great Plains and southern Rocky
Mountains: in Pratt, L.M., Kauffman, E.G., and Zelt, EB,, eds.,
Fine-grained Deposits and Biofacies of the Cretaceous Western
Interior Seaway: Evidence of Cyclic Sedimentary Processes,
Society of Economic Paleontologists and Mineralogists Field Trip
Guidebook No. 4, 1985 Midyear Meeting, Golden, Colorado,
p. 28-37.

Hattin, D.E., 1986a, Carbonate substrates of the Late Cretaceous sea,
central Great Plains and southern Rocky Mountains: Palaios,
v. 1, p. 347-367.

Hattin, D.E, 1986b, Rhythmic bedding produced in Cretaceous pe-
lagic carbonate environments: Sensitive recorders of climatic
cycles: Paleoceanography, v. 1, p. 467-481.

Hattin, D.E. 1987, Pelagic/hemipelagic rhythmites of the Green-
horn Limestone (Upper Cretaceous) of northeastern New
Mexico and southeastern Colorado: New Mexico Geological
Society Guidebook, 38th Field Conference, Northeastern New
Mexico, p. 237-247.

Hattin, D.E., and Frey, R.W., 1969, Facies relations of Crosspodia sp., a
trace fossil from the Upper Cretaceous of Kansas, lowa, and
Oklahoma: Journal of Paleontology, v. 43, p. 1435-1440.

Hazenbush, G.C., 1972, Stratigraphy and Micropaleontology of the
Mancos Shale (Cretaceous), Black Mesa Basin, Arizona: Unpub-
lished Ph.D. dissertation, University of Arizona, Tucson, Ari-
zona, 182 p.

Hazenbush, G.C,, 1973, Stratigraphy and depositional environments
of the Mancos Shale (Cretaceous), Black Mesa, Arizona: in
Fassett, J.E., ed., Cretaceous and Tertiary rocks of the southern
Colorado Plateau, Four Corners Geological Society Memoir
Book, p. 57-71.

Heinz, R., 1935, Unterkreide-Inoceramen von der Kapverden-Insel
Maio: Neues Jahrbuch fiir Mineralogie Geologie und
Paldontologie Beilband 73, Abteilung B, p. 302-311.

Herrick, C.L., and Johnson, D.W.,, 1900, Geology of the Alberquerque
sheet: Bulletin University of New Mexico, Geology Series, v. 1,
p. 1-67.

Hessel, M.H.R., 1988, Lower Turonian inoceramids from Sergipe,
Brazil; systematics, stratigraphy and paleoecology: Fossils and
Strata, no. 22, 49 p.

Hook, 8.C., and Cobban, W.A., 1977, Pycnodonte newberryi (Stanton):
Common guide fossil in Upper Cretaceous of New Mexico: New
Mexico Bureau of Mines and Mineral Resources, Annual Re-
port, July 1, 1976-June 30, 1977, p. 48-54.

Hook, 5.C., and Cobban, W.A., 1979, Some guide fossils in Upper
Cretaceous Juana Lopez Member of the Mancos and Carlile
Shales, New Mexico: New Mexico Bureau of Mines and Min-
eral Resources, Annual Report, July 1, 1978 to June 30, 1979,
p. 38-49.

Hook, S.C., and Cobban, W.A., 1981, Late Greenhorn (mid-Creta-
ceous) discontinuity surfaces, southwest New Mexico: in Hook,
S.C., compiler, Contributions to mid-Cretaceous paleontology
and stratigraphy of New Mexico: New Mexico Bureau of Mines
and Mineral Resources Circular 180, p. 5-21.

Howell, B.F, 1943, Hamulus “Falcula” and other Cretaceous Tubicola
of New Jersey: Proceedings of the Academy of Natural Sciences
of Philadelphia, v. 95, p. 139-166.

Hasenmueller W.A., and Hattin, D.E., 1990, New species of the bi-
valve Anomia from lower and middle Turonian parts of the
Greenhorn Limestone, central Kansas: Journal of Paleontology,
v. 64, p. 104-110.

Jones, R.E., 1976, Taxonomic Treatment of Dinoflagellates and
Acritarchs from the Mancos Shale (Upper Cretaceous) of the
Southwestern United States: unpublished Ph. D. dissertation,
University of Arizona, Tucson, Arizona, 225 p.

Jones, TS., 1938, Geology of Sierra de la Pena and paleontology of
the Indidura Formation, Coahuila, Mexico: Geological Society
of America Bulletin, v. 49, p. 69-150.

Kauffman, E.G., 1961, Mesozoic Paleontology and Stratigraphy,
Huerfano Park, Colorado; unpublished Ph. D. dissertation, Uni-
versity of Michigan, Ann Arbor, Michigan, v. 1, 662p., v.2,734p.

Kauffman, E.G., 1965, Middle and late Turonian oysters of the Lopha
lugubris group: Smithsonian Miscellaneous Collections, v. 148,
92 p.

Kauffman, E.G., 1969a, Cretaceous marine cycles in the Western In-
terior; The Mountain Geologist, v. 6, p. 227-245.

Kauffman, E.G., 1969b, Form, function, and evolution: in Cox, L.R.,
et. al., Treatise on Invertebrate Paleontology, Part N, Mollusca
6, Bivalvia, vol. 1, p. N129-N205.

Kauffman, E.G., 1970, Population systematics, radiometrics, and zo-
nation: A new biostratigraphy: Proceedings North American Pa-
leontology Convention, Part E, p. 612-666.

Kauffman, E.G., 1972b, Ptychodus predation upon a Cretaceous
Inoceramus: Palaeontology, v. 15, p. 439-444.

Kauffman, E.G., 1975, Dispersal and biostratigraphic potential of
Cretaceous benthonic Bivalvia in the Western Interior; in W.G.E.
Caldwell, ed., The Cretaceous System in the Western Interior of
North America, Geological Association of Canada Special Pa-
per 13, p. 163-194.

Kauffman, E.G., 1976a, An outline of Middle Cretaceous marine his-
tory and inoceramid biostratigraphy in the Bohemian Basin
Czechoslovakia: Annales du Museum D’Histoire Naturelle de
Nice, France, v. 4, p. XIII 1-XI1T 12.

Kauffman, E.G., 1976b, British Middle Cretaceous inoceramid bios-
tratigraphy: Annales du Museum DHistoire Naturelle de Nice,
France, v. 4, p. IV 1-IV 11.

Kauffman, E.G., 1977, Systematic, biostratigraphic, and biogeo-
graphic relationships between Middle Cretaceous Euramerican
and North Pacific Inoceramidae: Paleontological Society of Ja-
pan, Special Papers, no. 21, p. 169-212.

Kauffman, E.G., 1984a, The fabric of Cretaceous marine extinctions:
in Berggren, W., and Van Couvering, J., eds., Catastrophies and
Earth History: The new uniformitarianism: Princeton Univer-
sity Press, p. 151-246.

Kauffman, E.G., 1984b, Dynamic paleobiogeograghy and evolution-
ary response in the Cretaceous Western Interior of North
America: in Westermann, G.E.G., ed., Jurassic-Cretateous
Biochronology and Paleogeography of North America: Geologi-
cal Assocication of Canada Special Paper 27, p. 273-306.

Kauffman, E.G., and Johnson, C.C. 1988, The morphological and eco-
logical evolution of middle and Upper Cretaceous reef-build-
ing rudistids: Palaios, v. 3, p. 194-216.

Kauffman, E.G., Hattin, D.E., and Powell ].D., 1977, Stratigraphic,
Paleontologic, and Paleoenvironmental Analysis of the Upper
Cretaceous Rocks of Cimarron County, Northwestern Okla-
homa: Geological Society America Memoir 149, 150p.

Kauffman, E.G., Powell, ].D., and Hattin, D.E., 1969, Cenomanian-
Turonian facies across the Raton Basin: The Mountain Geolo-
gist, v. 6, p. 93-118.

Keen, A.M., 1971, Sea Shells of Tropical West America; Marine Mol-
lusks from Baja California to Peru: Stanford University Press,
Stanford, California, 1064 p.

Keen, AM., and Coan, E., 1974, Marine Mollusca Genera of Western
North America; an Illustrated Key: second edition, Stanford
University Press, Stanford, California, 208 p.




D™$ - 9B 5%$7%,,$%7AI"5 " " 8).%)A
YESA )% ; "#+ "4 5 &HSW#H 43%6+ 1), ) $%.)G
TU4 &+ & %S5+ 1), &ID)EHW"E B 18&&)&+%#)
), +&# O ? 6-:A>-

D). - > ).%) %) %.)#&$.& H+$) )A"%),-
3%"% )#"4 %" && %# ) ),) 6 %" 3%6$& )
3%"% " 4()-9 6

D)).( - 99 %# ).%)%) %), I$)%)%..)# %IH
%8 $.) SH+A W&H %), JHS%" 206&G 3%"% )#" 4 %" && H
%# ) ),) 6 %"3%6%$& )3%" H"4()-: : 6

D) ( - %), 55%) -- > &6 #& %..)# 5 "H
405 4 43%6+( %), 5 &HSYH 4$%6+(G 3%"% )# " 4 %" && H
%# ) ),) 6 %"3%6$& )3%"%)H"4()- > ?6-

D)).( -~ %), 55%) -- 99 Al$)%) %.)#&
%N%& $.)$H+3$) 2 G' "4 %" %I%E) O B@
6- @ A B-

D)).( -I- %), 55%) -- < ).%)%).$.$6+

%.)#& $.#+ &#P) )HS $ #+ G3%'% )#"4(
0-:: 6-:> A?BB-

D) ,( - %), %) 7 /-- ><- . )#& #+ 4)&
* 0,

% $.#+ )% %) 1) $%) G 3%"% H
YH"4( O- : 6-? BA? <-
D) .( - %), $4+# -- >% ) B ()
@?8%#% 1&G ..) , %G/ 1$)%" 3%" " 4( O-@:
6- @A >9-

D). /- %), $4+# -- >5 %& $%H#, %.)#&S.
#+ #(6 1$)%)G 3% "% )#"4( 0-BB 6- @A9:-

D). - $4+# -- %), %) 7 /-- 9<% "4A
)) $%#,%.)H& S . #+ . A1$)%)  )A"%), %),

) $#+$) $%) G 3%"% )#"4( O-B: 6- @@>A<:-

D), -/- $4+# -- %), %) 7 /-- 9<5 $4) OH
) %), &(&H Y0# & H+ $H% 1&%..) , "% F
3%"% )# " 4( 0-B: 6- 9B A9:>-

D) ,( - $4+# -- %), %) 7/-- 9> %&%" 1$)%)

%..)#& $. & 2%&G 3%"% )# " 4( O-:< 6- B>A>?-
D$7"%), /-- 9B %&& &&.)# #+ %4 #+ %# $#% &
& #)%H &% ,),% 6%+ D#( $E)%NG/I$)%"

3% W4 -@ 66- @?>AQ@<-

D$7"%), /-- 9: 3%" " 4(%), 3%" )0$.)#& #+'$ )H
+$) %$) (" WHL&H#HS) "WNT &% ) N
$E)%G )6!5" &+, -- #+&& $#+$) $E)% )OS$H
&#( "%4&#% $E)% BB?6-

D$7"%), I-- < + 3%" )#"4(%),3%" )0$). )#& #+
LUOSHY% 1&8%H ) %) WA L 1$) %) 'S H
+3) ("HE.%H "%T &% ) $H+ %&# $) $E )%G 1)6!5H
"&H, 3 - K& SHWH ) )OS&H(  "$%, IS
"$%, )OS&# $ "&)- ><@> :B<6-

D $7"%), /- - #+ &#H$%H 4$%6+ %), 5 &#HP%# 4$%6+ $%. H
1$7 $#+ %) & +%" 8"%# ).%) %) # .,
1$) %); %# "% 7 &% ) $H+ %&H# $) $ E %G ) %o# )& /- -
%), %#) I-- & #H$%H 4$%6+( 6 &# )%" )0$). H&
%), ,.)H%S( #) & #H+ W+1&HS$) %$4) $H%H
1& &#S$) S S %1%( ' "4 % #H . %

6 %"3%6 $B< 6-9@A -

D $7"%), /- - %), 55%) -- 9 + # &6-G
"%0$4 % Yo+ $%H, %..)# $.#+ 66% ).%)%)
8$#% 1& %&#$) WHS%" SE)UG NH$% 0 )- 2?6

D $7"%), I-- %), ",$ -3- 9@ $%66$% &%" #+ 1663$. &#
) %) %)A" 1$. &# 1$) %) 5 &#HS%H 45%6+ ) . ) "%H
#$ $H+ &H#S$) S $  SH+ .S NG S5&HSW # 3
N%" (%$ #)4 9@ 6- @<-

D')4$ -- 9 6 I"W# )& )5 (%) ( JH$" %), "4(

Y& . +H#$.$6+%..)#&G ) 1& -- %), ) $

- & + ) % + (&% .%# & && %# ) 6H
%" "l 9 %,. 3$&& 1*$7 6-:>A@@-
D+ -- >@ 0" )%$(%), "4 %" 3%##$)& 66%

) .%) %) 8BS #% 1& "& &HSSH ) )#+ &H#S)
WS S SH+ .S %G 1)BI5" &+, 3+-- && $HOH )
T $4 %&+)A#) ) 0B&H#H( %&+)AH#) -- >B6-
D$$)4% 3 @B )#%,0%) & ) (&#$5 "4(C 1%$#$"( H
01) "4(0B>)-: 6-B A<9 )-? 6-: A @-
D$% # [-- > . )H%S( % & 6%#HHS)& %), 4 "4 %" + &# ¥
% ") %$) #$%)&4$&& )G ' "4 %" #(
.$ % !"#) 0-9B 6-B:AB @9-
DL." - %), 7$/-- @2 1$1$)%) %.)#&S$.
2%& %), 2 G/I$)%" 3%" )#"4( 0-B9 6-:<A: -

%%$5$% - 9 + "4( &E "% %),
8 0%"0 %A "&%; ) % .,$) %)G 3%" H
5 "4( 0-> 6- @ <A@B -
%I$) -- +1& ,),&6)4&)6%" )0$). H%"
%)%"(& &G / 1$)%"  3%" )#"4( O-2: 6- @: A@7:-
%l#) -- 9 .6 &# )%"#$)& 1#H+) % "%&H 1,4 %H
J% )H#H % " A#+SI&H#S "HC ), "% '$ 16 )HIW" #%+ ---G
Y S)0oH %" && % ) . )#"4&H& 6 %" 315" %H
#)9 6-? A?B:-
7 -+ # - )TU&H#) - %), YISH + - 8
3%" %) 43%6+ %), 6%" " .%# )# $6S #0H# )&  #+
%) & +%" 866% $#% 1& "%7 &% %&) $E)WG
) %l )& I-- %), %ott) |- & #SYH 4S%6+H( 6 & # %"
Y0$). JH& %), . H%S( #) & #H+ W+l &#S)
%$4) $#% 1& &#P) S $ WI%( ' "4 %" H
#( .5 % 6 %N"3%6$B< 6- :A@B-
+9%) - 9 + L)H&A+ S %), + $ $".G#I%)&H
"O#, $.H#H+ "$.%) L#+$0& )& 5(/- %#HH#%! %.5$ 4
)0 $& #( 3% && '$ %o# $#%) B? 6-
0)4#) [-- >< + 6%" "4 &4) %)
# &6 &G #+t% % 0-: 6- A>O-
0W) /- > 6&# ,$& #+ $$&I$ & %), #+ &#Hl(
$&IS " H%H )G ) 0)4&#) - - "4 %"3$ &&&
) %&HW" %), %$) (&#.& 3"). 3$&& 1 *$7
6- >A?B-
1 K- D) ( - %), +%) ™ $ -- 9?2 A I$$)
8,F $5 4)(; %),
+,%I8$#% 1& ..) ,%:; )#+ & H#+$) 4088&H
$% "; %), #& &#P%H 4$%6+ .6" %# )&G 1&" ## $& ) #3$%# 4H
$%6+( 6- >A>-
4%) -- 99 + )O$H5SWH& #+ ) 5$%$% %),
$# 3 $35 '$16&G D%)&%& "' "4 %" 1$0( 0-? 6- ?: A@I@-
4%) -- 9 % ,&!18& )%), $$"%# ) $#%)&!5, 0H
& )& #+ "$%, $.%# )G + [I1$)%" ' "4( 0>
6- 9A -
4%) -- 95 . %, # )&# #+ $#% 1& )0 $H 5$%# &
D%)&%&G D%)&%& ) 0 $& #( 1%$# $"( 0-9 6- 9>A O-
&%) -- %), .$& -- 29 # &I&6),,&"#
%), #+$ &IG&HW) & ) #H+ $%#H )4 (&H#$&G )
0 <> 6- A><-
1%6& - 7 %# $#% !& 6" &%!$& 8!$(%6& ,%G 3"& A
&%I$ ,%; $.#+ "%7 &%5%&) $E)% ---G/I$)%"
#+ SE)%A 0%,% %,.( ) 0B9 6-?A?@-
%$&%4" % D-- %), D" ) '-- 9 + 6%" 4 4$%6+( 3%H
"E %), &E &#$.,6&# )%" &&# .&G /1$)%"
""4( 0- 6- >A7?B-
%H&!. # - >S@ ,,# )%" % %N)H+ $WH.& $. T7%,
8#l, & #+ $#% & %..)#& $. T7%, %),
%4+%" )0220 ;G D(1&+! )O$&#( % !I"#( ) H
$& $& '"4(0BB 6- A -
YH&!. # - 9 $#% & %" & $. 7T7%,AG $%)&H
%# )& 3% ,)4&3%"% "4 %' #( 1%6%) )- B
6- AB@-
YH&! # - 9? $#H% 1&)%WH" ,&$. 77%,AG $%)&H
%# )&3% ,)4&3%"% "4 %' #( [%6%) )- ?
6- @A:? -
%H&!. # - 9 . $%. ,& 8 0%"0 %; $. #+
).%) %) 8$#% & [%6%)AC 1$"Al, & &
0 " 1$5( $./%6%)G $%)&% # )& 3 H
#( /%6%) )- @: 6- BAB?-
9 ) )#$&#H)L &6 &

66 $#1) &H

)4& 3%"% )¢ " 4 %"
wH&l # - %), % -

0 $ . #+ 663 $#% 1& D(&HG $%)&% # )&
3% ,)483%"% "4 %" #( 1%6%) 0-> 6-:>AB@-
WHEL.# - %), % - >@% | && ) 0 ) #+

66% $#% 1& & I+l &#/%6%)G D(1&+! ) 0 $& #( % H
() .$& $ & '"4(0-B: 6-B AB -
WHELH# - %), Y% - >@5 #&) 0
8$#% 1& 0%'0%; $. 77%, G $%)&% # )&3$ ,)4&
3%"% "4 %" #( /%6%) O << 6- 99AB<9-
WHEL# - %), % - 9 . ) $%.,&8 0%'0%; $.
#t ) .%) %) 8$#% 1& [%6%)A )1 $"HE 7)1) I$
&6 & $. 77%, %), DI&+IG $%)&% # )& 3$ ,)4&
3%"% "4 %" #( [%6%) O ?: 6- 2<A?B-
%HE.# - % - %),DE% - 9B - 66$ $#% &
) $%..& $.#+ )5 %$% +771G 3%" #"4 %"
#( 1%6%) 6 %" 3%6 $& 0-B@ 6- @:A9-






Reineck, H.E., and Singh, L.B., 1972, Genesis of laminated sand and
graded rhythmites in storm-sand layers of shelf mud: Sedimen-
tology, v. 18, p. 123-128.

Repenning, C.A., and Page, H.G., 1956, Late Cretaceous stratigra-
phy of Black Mesa, Navajo and Hopi Indian Reservations Ari-
zona: American Association of Petroleum Geologists Bulletin,
v. 40, p. 255-294.

Reyment, R.A., 1954, New Turonian (Cretaceous) ammonite genera
from Nigeria: Colonial Geological and Minerological Resources
Division, London, v. 4, p. 149-164.

Reyment, R.A., 1955, The Cretaceous Ammonoidea of southern Ni-
geria and the southern Cameroons: Bulletin of the Geological
Survey of Nigeria, v. 25, 112 p.

Reyment, R.A., 1959, Variation and ontogeny in Buchioceras and
Gombeoceras: Bulletin Geological Institute University of Uppsala,
v. 8, p. 89-111.

Romans, R.C.,, 1975, Palynology of some Cretaceous coals of Black
Mesa, Arizona: Pollen et Spores, v. 17, p. 273-329.

Ryer, T.A., 1976, Cretaceous invertebrate faunal assemblages of the
Frontier and Aspen Formations, Coalville and Rockport areas,
north-central Utah: The Mountain Geologist, v. 13, p. 101-114.

Sageman, B.B., 1985, High-resolution stratigraphy and paleobiology of
the Hartland Shale Member; analysis of an oxygen-deficient epi-
continental sea: in Pratt, L., Kauffman, E., and Zelt, E, eds., Fine-
Grained Deposits and Biofacies of the Cretaceous Western Interior
Seaway—Evidence of Cyclic Sedimentary Processes: Society of Eco-
nomic Paleontologist and Mineralogist Trip Guidebook No. 4, 1985
Midyear Meeting, Golden, Colorado, p. 110-121.

Scott, G., 1940, Paleoecological factors controlling the distribution
and mode of life of Cretaceous ammonoids in the Texas area:
Journal of Paleontology, v. 14, p. 299-323.

Scott, R.W.,, 1970, Paleontology and paleoecology of the Lower Cre-
taceous Kiowa Formation, Kansas: The University of Kansas
Paleontological Contributions, Article 52 (Cretaceous 1), 94 p.

Scott, R.W.,, 1978, Paleobiology of Comanchean (Cretaceous) cardiids
(Cardiinae), North America: Journal of Paleontology, v. 52,
p- 881-903,

Seilacher, A., 1967, Bathymetry of trace fossils: Marine Geology, v. 5,
p- 413-428.

Seilacher, A., 1969, Paleoecology of boring barnacles: American Zo-
ologist, v. 9, p. 705-719.

Seitz, O., 1934, Die Variablitat Des Inoceramus labiatus var. Schlotheim:
Paldontologie Zentralblatt, v. 4, no. 229, p. 430-474.

Sharpe, D., 1853-57, Description of the fossil remains of Mollusca
found in the Chalk of England: Palaeontographical Society
(Monograph), 68 p., 27 pls. (1853, p. 1-26, pls. 1-10; 1855, p. 27-
36, pls. 11-16; 1857, p. 37-68, pls. 17-27).

Shuumard, B.F, 1860, Descriptions of new Cretaceous fossils from Texas:
Transactions St. Louis Academy of Sciences, v. 1, p. 590-610.
Smith, A., 1984, Echinoid Palaeobiology: George Alien and Unwin,

London, 190 p.

Sohl, N.E, 1960, Archeogastropoda, Mesogastropoda, and stratigraphy
of the Ripley, Owl Creek, and Prairie Bluff Formations: United
States Geological Survey Professional Paper 331-4A, 151 p.

Sohl, N.F,, 1964, Neogastropoda, Opisthobranchia, and Bassa-
matophora of the Ripley, Owl Creek, and Prairie Bluff Forma-
tions: United States Geological Survey Professional Paper 331-B,
p. 152-344.

Sohl, N.E, 1967a, Upper Cretaceous gastropod assemblages of the
Western Interior of the United States: in Kauffman E.G., and
Kent, H.C., eds., Paleoenviroments of the Cretaceous Seaway
in Western Interior, Colorado School of Mines, Golden, Colo-
rado, p. 1-37.

Sohl, N.E, 1967b, Upper Cretaceous gastropods from the Pierre Shale
at Red Bird, Wyoming: United States Geological Survey Profes-
sional Paper 393-B, 46 p.

Sohl, N.F, 1970, North American Cretaceous biotic provinces as de-
lineated by gastropods: Proceedings North American Paleon-
tology Convention, Part L, p. 1610-1638.

Sohl, N.E, 1987, Cretaceous gastropods; Contrasts between Tethys
and the temperate provinces: Journal of Paleontology, v. 61,
p. 1085-1111.

Sornay, J., 1972, La fauna d’inocerames du Cenomanien et du
Turonien inferieur du sud-ouest de Madagascar: Annales de
Paleontologie (Invertebrates), v. 51, p. 1-18.

Sorney, J., 1978, Precisions paleontologiques et stratigraphiques sur

119

divers inocerames Cenomaniens et, en particulier, sur ceux de
la sarthe figures par E. Gueranger en 1867: Geobios, v. 11,
p- 505-515.

Sorney, J., 1981, Inocerames (Bivalvia) du Turonian inferieur de
Colombie (Amerique du Sud): Annales de Paleontologie (In-
vertebrates), v. 67, p. 135-148.

Spath, L.F. 1923, On the ammonite horizons of the Gault and con-
tiguous deposits: Summary Progress Geological Survey (1922),
p. 139-149.

Speden, 1.G., 1967, Revision of Syncyclonema (Upper Cretaceous) and
comparison with other small pectinid bivalves and Entoliun:
Postilla, no. 110, 36 p.

Speden, 1.G., 1970, The type Fox Hills Formation, Cretaceous
(Maestrichtian), South Dakota; Part 2. Systematics of the
Bivalvia: Peabody Museum Bulletin: v. 33, 222 p.

Stankievich, E.S., and Pojarkova, Z.N., 1969, Vascoceratids from the
Turonian of southern Kirgisia and the Tadzhiksian depression:
in Barkhatova, N.N., ed., Continental Formations of Eastern Re-
gions of Soviet Central Asia and Kazakhstan, Leningrad, USSR,
p- 86-113 [in Russian].

Stanley, S.M., 1970, Relation of shell form to life habits in the Bivalvia
(Mollusca): Geological Society of America Memoir 125, 296 p.

Stanton, T.W., 1893, The Colorado Formation and its invertebrate
fauna: United States Geological Survey Bulletin 106, 288 p.

Stenzel, H.B., 1959, Cretaceous oysters of southwestern North
America; Proceedings 20th International Geological Congress
(1956), v. 1, p. 15-36.

Stenzel, H.B., 1971, Oysters: in Moore, R.C., and Teichert, C., eds.,
Treatise on Invertebrate Paleontology, Part N, v. 3 (Bivalvia),
Geological Society of America, Lawrence, Kansas, 271 p.

Stephenson, L.W,, 1936, Geology and paleontology of the Georges Bank
Canyons; pt. 2, Upper Cretaceous fossils from Georges Bank (in-
duding species from Banguereau, Nova Scotia): Geological Soci-
ety of America Bulletin, v. 47, p. 367-410.

Stephenson, L. W., 1941, The larger invertebrate fossils of the Navarro
Group of Texas: Bureau of Economic Geology, University of
Texas Bulletin no. 4101, 641 p.

Stephenson, L.W., 1946, Fulpia a new Upper Cretaceous bivalve mol-
lusk from Texas and Maryland: Journal of Paleontology, v. 20,

. 68-71.

Step}?enson, L.W., 1952, Larger invertebrate fossils of the Woodbine
formation (Cenomanian) of Texas: United States Geological
Survey Professional Paper, 242, 211 p.

Stephenson, L.W., 1955, Basal Eagle Ford fauna (Cenomanian) in
Johnson and Tarrant Counties, Texas: United States Geological
Survey Professional Paper 274-C, p. 53-67.

Stokes, W.L., and Heylum, E.B., 1963, Tectonic history of southern
Utah: in Heylum, E.B., ed. Guidebook to the Geology of South-
western Utah, Intermountain Association of Petroleum Geolo-
gists, 12th Annual Field Conferance, p. 19-25.

Stokes, W.L., and Stifel, P.B., 1964, Color markings of fossil Gryphaea
from the Cretaceous of Utah and New Jersey: Journal of Pale-
ontology, v. 38, p. 889-890.

Stoliczka, F., 1864-66, The fossil Cephalopoda of the Cretaceous rocks
of southern India (Ammonitidae): India Geological Survey
Memoirs, Palaeontologia Indica, p. 41-216.

Swift, D.].., 1985, Response of the shelf floor to flow: Society of Eco-
nomic Paleontologists and Minerologists Short Course no. 13,
p. 135-241.

Swift, D.].P., and Niedoroda, A.W., 1985, Fluid and sediment dynam-
ics on continental shelves: Society of Economic Paleontologists
and Minerologists Short Course no. 13, p. 47-134.

Swift, D.J.P,, and Rice, D.D., 1984, Sand bodies on muddy shelves; a
model for sedimentation in the Western Interior Seaway, North
America: Society of Economic Paleontologists and Minerologists
Special Publication no. 34, p. 43-62.

Tanabe, K., 1983, The jaw apparatus of Cretaceous desmoceratid am-
monites: Palaeontology, v. 26, p. 677-686.

Troger, K.A,, 1967, Zur Paldontologie, Biostratigraphie, und faziellen
Ausbildung der unteren oberkreide (Cenoman bis Turon) Tl 1;
Palsontologie und Biostratigraphie der Inoceramen des Cenomans
und Turons Mitteleuropas: Abhandlungen des Staatlichen Museum
fiir Mineralogie und Geologie zu Dresden, v. 12, p. 13-207.

Troger, K.A., 1981, Zu Probleme der Biostratigraphie der Inoceramen
und der Untergliederung des Cenomans und Turons in Mittel-
und Osteuropa: Newsletters in Stratigraphy, v. 9, p. 139-156.


































