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We backirack north 0.5 mi (0.8 km), turn west and travel 2.8 mi (4.5 ki), and then travel north 1 mi (1.6
km) 1o the Castle Rock area. In order to see the exposures in stratigraphic order, we first stay 10 the left and
go north of Castle Rock itself. After examining the northem outcrop area, go south past Castle Rock and
continue south along the eastern edge of the bluffs.

STOP 3—Castle Rock.

Castle Rock was a well-known landmark on the Buiterfield Overland Dispatch. It also has been the focus
of studies on the weathering rate of the Smoky Hill Chalk Member (Williston, 1897; Smith, 1948). Expo-
sures immediately to the norih and south provide an overlapping section from the zone of Cladoceramus
undulatoplicatus 10 above Marker Unit 12 (see localities 19 and 18, respectively, in Hattin, 1982). The zone
of Cladoceramus undulatoplicatus is of lower Santonian age. The upper part of the section, particularly that
above unit 19 of Locality 4, is of upper Santonian age. The correlation we offer of the lower strata north of

-Castle Rock with the higher strata south of Castle Rock differs somewhat from the treatment of Hattin (1982).
Our measurements of the strata of this locality differ from those of Hattin (1982) above unit 21. Unit 24 at
Locality 3 corresponds to unit § of Locality 4 (Locality 18 of Hattin, 1982) and is Marker Unit 8. The upper-
most bentonite at Locality 3 (unit 32) is the lower bentonite of Marker Unit 9. The massive caprock that
forms the top of Castle Rock and other pinnacles in this area is Marker Unit 10 of Hattin (1982). It performs
the same function at some other well-known Smoky Hill Chalk Member exposures such as Monumcnt Rocks
in western Gove County and Castle City in eastern Logan County.



Im

Locality 3—Exposures on the south or west side of Hackberry Creek and north of Castle Rock in NE 1/4 sec.
2,T. 145, R, 26 W., Gove County, Kansas. The exposure ranges from 3 m (10 ft) below Marker Unit 6 up
to Marker Unit 9. Modified with some additions from the description of Locality 19 of Hattin (1982).

Fauna: Durania maxima, Cladoceramus undidatoplicatus, Platyceramus platinus, Pseudoperna congesta,
Baculites sp., Tusoteuthis longa, Clioscaphites sp., Zeugmatolepas sp., Ptychodus maorton! (described in

Stewart, 1980), Squalicorax sp., Cretoxyrhina mantelli, Protospkyraena tenuis (Stewart, 1988),

ichthyodectes ctenodon, Pachyrhizodus minimus, holocentrid alpha, Caproberyx sp., Toxochelys latiremus,
Preranodon sp., Nyctosaurus sp., Ichthyornis sp.
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Unit Description Thickness
(cm)

33 Chalk. With unit 32 below, forms part of Marker Unit 9 5
32 Bentonite 1
31 Chalk 110
30 Ferruginous seam 0.1
29 Chalk 33
28 Ferruginous scam 0.1
27 Chalk 165
26 Bentonite 0.7
25 Chalk 168
24 Bentonite, waxy 1
23 Chalk. Fossils: Sgualicorax falcatus, holocentrid alpha 196
22 Bentonite, rather indurate where weathered 0.5
21 Chalk. Fossils: Platyceramus platinus, Pseudoperna congesia,

Squalicorax falcatus, holocentrid alpha 117
20 Bentonite . 0.3
19 Chalk. Flaky where weathered. The color change from

predominately gray 1o a lighter color takes place in this unit

approximaiely 1.5 w0 3 m below the top.

Fossils: Platyceramus platinus, Pseudoperna congesta,

Toxochelys latiremus 750
18 Bentonite 06
17 Chalk. Flaky where weathered. Fossils; Platyceramus platinus,

FPseudoperna congesta, Durania maxima, Tusoteuthis longa, )

Cretoxyrhina mantelli 286.5
16 Bentonile, greenish-gray. This is Marker Unit 7 1.5
15 Chalk, Fossils: Platyeeramus platinus, Pseudoperna congesia 1255
14 Benionite : 0.3
13 Chalk, rather soft 12.5
12 Bentonile 0.6
11 Chalk. Fossils: Platyceramus platinus, Cladoceramus

undulatoplicatus, Pseudoperna congesta 1205
10 Benitonite 0.9
9 Chalk. Fossils: Cladoceramus undulatoplicatus, Pseudoperna

congesta 83.7
8 Ferruginous seam 0.1
7 Chalk, Fossils: Pseudoperna congesta 134.2
6 Bentonite 0.6
5 Chalk. Fossils: Platyceramus platinus 149.5
4 Bentonite 0.6
3 Chalk. Fossils: Plaryceramus platinus, Pseudoperna congesta 2286
2 Bentonite. This is Marker Unit 6 2.5
1 Chalk. Fossils: Cladoceramuy undulatoplicatus,

Pseudoperna congesta 330.8
Total thickness of measured section 30.27Tm

FIGURE 3—Measured section at locality 3 north of Castle Rock,
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utilized cennot be reconciled with modern concepts. Many
of the names used are now restricted (o taxa found only in
the Cenozoic. In addition, his small, generalized line
drawings prevent reassignment to fit the modern taxo-
~nomic base. Despite these shoricomings, Trexler's work
did demonstrate the general stratigraphic distribution of
nannofossils in the Niobrara. A few samples of the
Niobrara were included in the taxonomic study of the
Upper Cretaceous of Bukry (1969), althongh the strari-
graphic placement of these samples is impossible 1o
ascertain, Covington (1985, 1986) used extensive SEM
observation in his investigation of the nannofossils from
the area of the Smoky Hill type section (western Kansas).
Although Covington (1985) deals briefly with the Niobrara

nannofossil biostratigraphy, the spacing of his reported
samples is widely variable (1 to> 14 m [3.3 to > 46 fi])
and is useful only to indicate the general biostratigraphic
succession,

We have undertaken to further exploit the rich fossil
beds of the Niobrara by a basinwide taxonomic, biostrati-
graphic, and paleoecologic analysis. Our major reference
section is the western Kansas section so well documented
by Hadin (1982), The results discussed below are the
result of examination of samples with <1-m (3.3-ft)
spacing throughout the Niobrara of the Smoky Hill type
area. For the purposes of this field trip guide, we will
concentrate on this area.

Biostratigraphy

The Niobrara Chalk in the type area of the Smoky Hill
Chalk Member includes straia of the lower Coniacian
through lower Campanian, This interval is divisible into
the seven nannofossil zones of Sissingh (1977). In
addition, several of the subzonal indicators proposed by
Perch-Nielsen (1979, 1985) are useful in the sequence.
For the purposes of this field guide, we have restricted
ourselves to use of the published zonation as it appears in
Perch-Nielsen (1985) with those modifications useful for
subdividing the Niobrara of the type area. Using this
scheme, the pertinent Cretaceous zones are designated
CC13-CC19 (with “CC” meaning Cretaceous Coceolith
Zone), Some of these zones can be subdivided using
snbzonal indicators: these are designated by letters with a
being stratigraphically lowest within a zone. All seven of
these zones can be recognized in the Niobrara of the type
area, although the zonal boundaries are uncenrtain, in some
cases, due o the rarity of the zonal taxa. The stratigraphic
disributicn of these zones and subzones is illustrated in
fig. 1.

The lower 18.3 m (504 ft) of the Fort Hays Limestone
Member in the type section is within the Marthasterites
Jurcaius Zone (CC13) of the uppermost Turonian through
lower Coniacian. The nominale taxon M. furcatus is
present throughout the Fort Hays but is not common. This
may explain why it is not reported in the two Fort Hays
samples of Covington (1985). The presence of Lithastrinus
sepienarius throughout this interval indicates the upper
(lower Coniacian) subzone CC13b. Forchheimer (1972)
defined L. septenarius as having seven rays *, . . proxi-
mally and distally surrounded by triangular rays” (p. 54),
She compared this form to Lithastrinus grillii, a six-rayed
form, but not o Lithastrinus moratus, another seven-rayed
form. Perch-Nielsen (1979, 1985) explained that the rays
of L. moratus are short and blunt compared to the long,
slightly curving rays of L. septenarius. We have found,
however, that the rays of L. septenarius are ofien broken
and resembie the rays of L. moratus. In addition, there are
numerous ransitional forms between the ancestral 1.

moraius and the descendent L. septenarius in the Iower
Fort Hays. It is clear that the base of the Marthasterites
Jurcatus Zone {i.¢ CC13a) is missing in the Fort Hays and
is probably inciuded in the hiatus al the hase of the Fort
‘Hays documented by Hattin (1975). _ :

The presence of Micula decussara and the absence of
L. grillii places the rest of the Fort Hays {18.3-21.5m
[60.4-70.9 1]} in the Micula decussata Zone (CC14), The
first 18.3 m (60.4 f1) of the Fort Hays contain common
transitional forms between Quadrum garinerii (which
arose in the early Turonian) and M, decussata. Qur
placement of the first M. decussata is significantly below
that of Covingion (1986), who reported this dam at
approximately 10 m (33 fI) above the base of the Smoky
Hill Chalk Member (near twp of bed 58, Locality 1, of
Hattin, 1982} in the type area {Covington, 1986), Because

-of this (erroneous) placement, the resultant M. furcatus
Zone was abnormally thin (approximately 10 m [33 ft]).
This perceived anomoly prompted Covington (1986) 10
speculate that part of the zone was represented by a
disconformity. However, our re-examination indicales
that M. decussata occurs well into the Fort Hays, so that
Covinglon's disconformity is unnecessary,

Hauin (1975, 1982) documented the succession of
inoceramids from the Fort Hays at Hackberry Ranch
(Trego County, Kansas) including Inoceramus deformis
Meek (1.1-8.6 m [3.6-28 4 fi] above the base of the Fart
Hays), froceramus (Cremnoceramus) inconstans Woods
(7.9-14.9 m [26-49 f(] above base), Jnoceramus
{Cremnoceramus) browni Cragin (9.6-14.9 m [31.7-49.2
ft] above base), and Inoceramus (Volviceramus) koeneni
Moueller (uppermost Fort Hays). This sequence indicates
that the Fort Hays in Trego County spans most of the
lower 1o mid-Coniacian and is in full agreement with the
nannofossil data.

The next nannafossil zone (the Reinhardtites
anthophorus Zone; CC15) spans the interval from 28.8 10
57.2 m (95-188.8 f1) in the Smoky Hill type area. This
zone is based on the FAD of Reinkardrites anthophorus,



which has been correlated to the laie early Santonian
(Sissingh, 1977; Perch-Nielsen, 1985), Perch-Nielsen
(1979, 1985) noted that the FAD of R. anthophorus,
Lithastrinus gritlii, and Micula concava were synchronous
in her sections and suggested the latter two datums as
allernate zonal events for the first R, anshophorus. Inour
stedy area, however, these are three distinet biostrati-
graphic events, The FAD of R. anthophorus (at 28.8 m
[95 11]) and L. grillii (at 31.8 m [104.9 fi]) are similar and
occur significantly before the FAD M. concava (39.5 m
[1304 f1])). In the Canadian Atlantic margin, Doeven
{1983} also found that M. concava occurs after R,
anthophorus. We have therefore divided CC15, using R.
anthophorus o mark the first subzone, CC15a (upper
Lower Santonian). We use the FAD M. concava to mark
the base of CC15b, which is in the Upper Santonian. -
The FAD of Lucianorhabdus cayeuxii marks the wop

of the Reinhardtites anthophorus Zone and the base of the
overlying L. cayeurii Zone (CC18). - This zane, which is
dated as late Santonian by Sissingh (1977), comprises the
interval from 57.2 to 128.2 m (188.8—423 f1) in the westemn
Kansas seclion. In our study, L. cayeuwxii first occors at
572 m (188.8 ft), and is common in some samples.
Covington (1986) reporied that this fossil was too sporadic
in its occurrence (0 be useful as a swratigraphic marker.
Perch-Nielsen (1979, 1985) suggests that the FAD L.
cayeuxii coincides with the last occumrence of L.
Seplenarius (at the base of the L. cayeuxii Zone). In our
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FIGURE 1—Distribution of calcareous nannofossil zones, subzones,

area, westlem Kansas.
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study area, L. septenarius is present up to 93.3 m (307.9
1), approximately 36 m {(118.8 ft) above the base of the L.
cayeuxi Zone. We have designated the stratigraphic
interval between these two events as an informal sobzone
CCl16a. This nannofossil LAD occurs approximately 13 m
(42.9 ft) below reported occurrences of the ammonite
Clioscaphites vermiformis (Meek & Hayden) of 1ate
middle Santonian age. Subzone CC16b is informally
designated as that interval from the last L. septenarius o
the first Calculites obscurus (base of CC17).

The next younger biohorizon of Sissingh (1977) is the
FAD of Calculites obscurus. Sissingh (1977) correlaies
this biohorizon with the earliest Campanian, although later
wark by Perch-Nielsen (1979, 1985) placed it in the late
Santonian, This biohorizon occurs at 128.2 m (423 ft) at
location 18 in the study area. It is very rare and smaller-in
sizg than typical in the first few meters, It becomesa
common constituent in CCI8. Covington (1986) rejected
the use of this bicharizon for the Smoky Hill because its
occurrence is somewhat sporadic. 'While it is true that it
does not occur commonly in-all samples above its first
stratigraphic appearance, it is present in sufficient abun-
dance 0 as to be used for biostratigraphic zonation,

Perch-Nielsen (1979, 1985) also reports the last
occurrence of Eprolithus floralis as a substitute marker
event for the end of the L. cayeuxii Zone. We found,
however, that the last occurrence of E. floralis is at 49.5m
(163 ft; within the R. anthophorus Zone; CC15) in the
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Niobrara Formation vertebrate stratigraphy

1D, Stewart
Namral History Museum of Los Angeles County
. 900 Exposition Boulevard
Los Angeles, Catifornia 90007

Abstract

After mare than s century of exploration, the only definitive statements concerning the distribution of
vertebrate species in the Niobrara Formation pertain to perhaps gix mosassaur species, four species of
Pratosphyraena, and the shark genus Prychodus. The Smoky Hill Chelk Member accumuleted overan
interval of five million years mnd can be separated into at least six distinet vertabrate faunal zones of
unequal durstion. Some vericbrale taxe are represented only in single zones, At least 30 fish species are
restricted Lo only a part of the Smoky Hill Chalk, ns are many tetrapod species. Some distributional
changes appear w be the result of deepening waler, some from cooling, some from apparent ansgenetic
evolution, and some apparently are due to extinction. - Many vertebrate species show no detecuble change

throughout Smoky Hill Chalk deposition.

Introduction

. The history of the stratigraphic nomenclature of the
Niobrara Formation in Kansas has been adequately
reviewed by Hauin (1982). One of the earliest approaches
to internal stratigraphy of the Smoky Hill Chalk Member
was to recognize a yellow chalk above and blue shale
below. Williston (1893, 1897) explained that this is a
weathering phenomenon and is therefore an invalid
stratigraphic division, However, it s still adhered to by
newcomers to the Niobrara Chalk. It was Williston (1893)
who first recorded that Volviceramus (“Haploscapha®) is
abundant in the lower Niobrara, but that Platyceramus

(“the large, thin-shelled, four-foot inoceramid™) is the only

obvious inoceramid in some of the higher horizons. He
also noted here (1893) that two mosasaur genera (presum-
ably Tylosaurus and Platecarpus) are found throughout the
member, but that Clidastes is only found in the upper
chalk. Furthermore, he believed that Uintacrinus was
found in only one horizon near (he middie of the member
(Willision, 1893). Five years later, he said, “Several
species of Inoceramus are apparently found in all horizons,
but the Hapioscaphas are abundant only in the lower
horizons, and I never have found H. grandis or hose allied
to that species in the upper horizons. On the Smoky Hill
River near the mouth of the Hackberry there are places
where these shells can be gathered by the wagon load,
ofien distorted, but not rarely in extraordinary perfection.
A very thin shelled Inoceramid measuring in the largest
specimens forty four by forty six or eight inches is not rare
over a large part of the exposures” (Williston, 1897, p.
241). Logan (1897) clearly used the 1em “Pierancdon
beds” to mean the Smoky Hill Chalk Member. Williston
(1897) recognized the same usage of Pteranodon beds and
subdivided them into the Rudistes and the Hesperornis

beds. He also stated that the boundary between Rudistes
and Hesperornis beds can be traced from east of Monu-
ment Rocks to the Saline River north of Wakeeney to the
south fork of the Solomon River near Lenora. He was
apparently referring to the sequence including and
immediately below the middle caprock, Marker Unit 10 of
Hauin (1982),

Lamenting the typically poor stratigraphic data that
accompanied Niobrara vertebrate fossils, Williston (1897)
said, “I need not call the atiention of future collectors to
the importance of locating the harizon of specimens more
accurately than has been before.™ It is unforunate that this
plea has gone largely unheeded until recently.

Bass (1926) utilized bentonite sequences and resistant
ledges for correlations within a limited section near the
base of the Smoky Hill Chalk i Ellis County. Russell
(1929 detailed a sequence of 86 bentonites throughoit
much of the Smaky Hill Chalk Member, but excluded
three sections comprising about 250 ft (75 m). He also
proposed a four-part lithostratigraphic division of the
Smoky Hill Chalk Member, Elias (1931} examined the
swratigraphic schemes of Williston (1897) end Russell
(1929}, and concluded that the Rudistes beds of the farmer
carrespond to subdivisions I and 1T of the latter, and that
the Hesperornis beds correspond to subdivisons Il and IV.

The next paleontologist to take up the question of
Niobrara vertebrate biostratigraphy added the observation
that Protosphyraena is more common in, ar restricted 10,
the lower Smoky Hill Chalk (Bardack, 1965).

Russel] (1967b) proposed that the mosasaur species in
the Smoky Hill Chalk Member provide a two-fold division
with Clidastes propython, Platecarpus ictericus, and
Tylosaurus proriger in the upper chatk, and Clidastes
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Valid records

Fort Hays Limestone Member

Vertebrate fossils are rare in the Fort Hays Limestone
Member, Williston (1897, p. 237) mentioned a Jewell
County plesiosanr. This is the holotype of an
elastnosaurid, Thalassoromosaurus nobills (originally
Elasmosairus nobilis), nnmber 1640 in the Yale Peabody
Museumn collection {Willision, 1905). 1 witnessed Richard
Zakrzewski collect a tooth of Prychodus mortond near the
middle of the member. I have noted a shark vertebra in the
lower part. Frey (1972) mentioned that shark tecth are rare
in the Fort Hays Limestone Member, except in the basal
bed. The scouring of the Carlile Shale at the Niobrara/
Carlile contact (Frey, 1972) suggests that the testh in the
basal bed may be reworked from the Codell Sandstone
Member. Frey (1972) illustrated Squalicorar,

Cretoxyrhina, and Cretolamna teeth from the Fort Hays
Limestone. He also stated that Sgualicorax is the most
common shark tooth in the member. Frey (1972) indicated
that, unlike the shark teeth, isolated teleost scales occur in
all parts of the Fort Hays Limestone Member.: The type
description of Micropycnodon kansasensis lists the
holotype as coming from 1 mi (1.6 km) west of the town
of Webster in Rooks County (Hibbard and Grafham,
1941), That town sile is now beneath Webster Reservoir.
If the type locality is truly due west of that site, it also is
underwaier. Assuming the accuracy of this description,
we may conclude. that the specimen is from the Fort Hays
Limestone Member. However, exposures of the Smoky
Hill Chalk Member als¢ occur nearby.

Smoky Hill Chalk Member

There is a long-standing misconception that few
vertebrate fossils are found in the Jower parts of the
Smoky Hill Chalk Member (Williston, 1893; Russell,
1975). The articulated skeletons of Nicbrara vericbrates
typically come from the upper part of the member, but
veriebrate fossils occur from the base of the Smoky Hill
Chalk Member upwards, and almost any substantial
exposure will yield some identifiable vertebrate remains
(Stewart, 1988). _

ZiONE OF PROTOSPHYRAENA PERNICOSA—The zone of
Protosphyraena pernicosa includes Marker Units 1, 2, and
probably 3 of Hattin (1982). Volviceramus grandis is the
dominant inoceramid in this zone and extends into the
overlying zone of Spinaptychus n. sp. Tusoteuthis longa is
a common fossil in the zone of P, pernicosa and can be
found throughout the Smoky Hill Chatk Member, This
zone is of late Coniacian age.

Many veniebrate genera and some species that occur
in the Jowest part of the Smoky Hill Chalk Member also
have a record in older Kansas rocks. Among the sharks,
Prychodus anonymous and Prychodus martini are known
from the Greenhorn and Carlile formations, but Piychodus
morioni has na pre-Niobrara record in the Western
Inerior. - Squalicorax falcatus and Scapanorhynchus
rhaphiodon likewise occr in those two formations, Teeth
of Cretoxyrhina manteili show a rather gradual size
increase from the Graneros Shale 1o the Smoky Hill Chalk
Member. By early Smoky Hill Chalk Member deposition,
some specimens of this shark attained a length of 6.7 m
(20 ft). Cretolamna appendiculata likewise has a strati-
graphic range at least as far back as the Graneros Shale in
Kansas. Most Niobrara records of Pseudocorax laevis
with adequate locality data kmown to me are from the zone
of Pratosphyraena pernicosa. Several actinopterygians of

“holostean” grade occur in the lower parts of the Smoky
Hill Chalk Member, Micropycnodon kansasensis
(Hibbard and Grafham, 1941) has no pre-Niobrara record’
and may be limited to this horizon, but also may be found
in the Fort Hays Limestone Member (see above).
Protosphyraena is known from pre-Niobrara horizons, but
there is no record of P, pernicosa or P. nitida. Much
North American Protosphyraena taxonomy is based on
pectoral fin merphology, but there are no pre-Niobrara fin
recards in North America. Stewart (1979, 1988) suggesied
that Pretosphyraena nitida does not occur as low as
Protosphyraena pernicosa in the lower part of the Smoky
Hill Chalk Member. However, consultation and field
observations with Mike and Pam Everhart convince me
that Protosphyraena nitida is a rare member of the Jowest
Smoky Hill Chalk Member fauna. It does, however,

-continue into the zone of Spiraptychus n. sp., whereas P.

pernicosa does not. Belorostomus specimens are known
only from the zone of Volviceramus grandis, which
encompasses the zones of P, pernicosa and Spinaprychits
n. sp. (Schultze and Stewart, ms),

- Paraliodesmus guadagnii occurs in shells of
Volviceramus grandis and perhaps Platyceramus platinus
8.1 in this zone (see Stewart, this volume). The only
Lepisosteus specimen from the Smoky Hill Chalk Member
is the oldest North American record of a lepisosteid (Wiley
and Stewart, 1977). Lepisosicids spparently continued in
near-shore and freshwater environments up to the present,
but this is the only known record of this primitive and
unnamed species,

Xiphactinus audax, Ichihyodectes ctenodon, Gillicus
arcuatus, Apsopelix anglicus, Pachyrhizodus caninus, and
P. minimus have earlier records in Kansas and continue
beyond the Niobrara Chalk. ¥ cannot detect any definite
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Discussion

1 suggest that the reasons for these distributions are
threefold: climatic change or deepening water, extinction,
and evolution of new forms, -

Hattin {1982) proposed that the distribution of
Durania and Texanites (Spinapiychus) in the Smoky Hill
Chalk Member are related to warm climatic intervals.
This hypothesis has merit and suggests an explanation of
temporal and geographic distribution of same vertebrate
taxa. It is rue that Durania seems to be mare common in
the upper part of the zone of Protasphyraena pernicosa
and in the zone of Spinapiyckus n. sp. than in any other
Smoky Hil! Chalk Member interval. This suggests that
Martinichthys and Bananogmiks zitteli may be warm
indicators, since they coincide with the upper part of the
zone of P. perricosa. Indeed, Bananogmius zitteli or B.
auraius occurs in Cenomanian horizons in Texas. Other
plethodids known from southemn localities are
Enrischarhinchus in Texas, and Moorevillia and
Bananogmius crileyi in the Moareville Formation. If
Protosphyraena pernicosa is a warm-water laxon, then the
reason for its extingtion is not clear. It js unknown oulside
of Kansas. In general, the pattern may be one of cooling
throughout post-Turonian times, with periodic slightly
warmer intervals. If Cimolichthys came by way of
cooling, we might expect to see pre-Coniacian
Cimolichthys further north, Next would come the slight
warming in latest Coniacian times with the appearance of
Bananogmius zitteli, Martinichthys, and Spinaptychus n,
sp. (Spinaptychus is thought 1o be the aptychus of
Texanites, an ammonite of Tethyan affinities.) However,
this general period coincides with the Iast appearance of
Scapanorkynchus, Ptychodus anonymous, and P, martini
in Kansas. Scapunorhynchics persists in New Mexico, -
Texas, Alabama, and North Carolina. However, it does
occur in the Mesa Verde Formation, north of Kansas, If
these were extirpated by climatic cooling, why did they
not reappear with the latest Coniacian warming?

- The late Santoman extirpation of Piychodus mortoni,
Pseudocorax laevis, and Pachyrhizodus leptopsis from the
Western Interior is almost certainly related o temperature.
All three continpe in Texas and/or Alabama. Ptychodus
mortoni continues in the Moareville Formation of Ala-
bama (Applegate, 1970) and Pseudocorax persists in the
base of the Taylor Group (Campanian) and the Waolf City
Formation (Campanian) of Texas, the Brownstone Mart
{Campanian} of Alabama, the Coffec Sand (Campanian) of
Mississippi,-and the base of the Mooreville Formation
{Sanionian) of Alabama (Meyer, 1974). Pachyrhizodus
leptopsis is probably a Tethyan form. It occwrs in older
Texas rocks and in the Mooreville Formation {(Campanian)
of Alsbama. An indicator of cooling at that time is the
appearance of Apateodus in the Smoky Hill Chalk Mem-
ber.

Continued cooling later in the Santonian apparently
brought in northern plethodids (Bananogmius evelutus and

B, favirostris) and Parahesperornis. Both species of
Bananogmius continue into the Pierre Shale. Neither
occurs in Texas or Alabamna. The last appearance of
Laminospordylus in Kansas is in this harizon; cooling also
could be the cause of this. Likewise, the first appearance
of Hesperornis in the Niobrara Chalk could be related to
cooling. It continues into the Pierre Shale. It is fairly well
established that the hesperomithiforms had a generally
boreal distribution (Russell, 19672, 1988; Bardack, 1968;
Martin and Siewart, 1982; Bryant, 1983), “Saurodon™
pysmaeus also appears in Kansas at that time and is
otherwise known only from the Pierre Shale of South
Dakota and Wycming. The appearance of Saurocephalus
{eanus, cenainly present by the zone of Hesperornis,
cannot be attribuied to temperature changes. It is present
in post-Niobrara rocks from Canada to the East Texas and
Mississippi embayments. The last appearance of
Cretoxyrhina mantelli in the zone of Hesperornis also is
the last appearance in the midcontinent. It persists later in
Alabama (Mooreville, Eutaw formations, Russell, 1988)
and Mississippi (Eutaw Formation, Russell, 1988),
contrary 10 statement by Cappeita (1987, p. 99) that the
taxon never aftained the Campanian, Therefore, I con-
clude that its extirpation in Kansas stems from cooling.
Fublished accounts may cause some to question that

Cimolichthys could be an indicator of cooling tempera-

wres. It first occurs in Cenomanian hotizons of the
English Chalk (Woodward, 1902). The southernmost
North American record is in Texas (Bardack, 1965), The
record of CimolichiRys in the Mooreville Chalk
(Applegate, 1970)is unfounded, and none has been found
since 1970 (G. Bell, personal communicetion, 1988),

If the scenario of continued cooling is generally
accurate for post-Turonian times in Kansas, the mosasaur
fauna does not seem to reflect it. The concept of Clidastes
s @ warm-water mosasaur. (Russell; 1970) seems well
foimded, Clidastes is probably more common in the upper
Smoky Hill Chalk Member thar in the lower (Williston,
1897), and it certainly continves in the Pierre Shale of
Kansas, Wyoming, and South Dakota. An alternative
reason for the disappearance of some species, including
Pseudocorax laevis, from Kansas could be deepening
water. Evolution of new forms is responsible for the
succession of Clioscaphites, Spinaprychus, and
Squalicorax species in the Western Interior.

The “Rudisies” and “Hesperorais™ beds are not very
useful names. Durania is found throughout much of the
Smoky Hill Chalk Member (Hattin, 1988). Hesperornis is
apparently not found in the beds immediately above
Marker Unit 10 of Hattin (1982) and certzinly is not at all
even a moderately common taxon where it does occur
higher in the Smoky Hill Chalk Member. Part of the
confusion is that Parahesperornis would have been known
to Williston as Hesperorais (Martin, 1984), Perhaps
“Hesperomithid beds” would be more accurate.



Future collecting will probably aller some of the
stratigraphic range data given here. A likely area for
change will be in the ranges of some of the smaller sharks.
The smali teeth are almost never noticed by casual =~
searching and must be collected intentionally. Many of
the very small osteichthyans remain o be named and
studied. I have made very little mention of the ranges of
the rarer mosasanr and turtle species. The taxonomy of the
polycotylid plesiosaurs is not stable, and the elasmosaurids
have been treated as though each specimen is a new
species,

The Smoky Hill Chalk Member ichthyofauna is
snusual in ils paucity of small, non-lamniform sharks.
Many beds of this age throughout the world have horizons
where teeth are concentrated, and from which small eeth
may be screened or otherwise.extracied. The Smoky Hill
Chalk Member is an exception in two respects. First, there
are very few horizons where bones or teeth are concen- -
trated. The few exceptions are lenses of inoceramid and
‘ostreid debris that occur at irregular intervals. Dissolution
of these lenses in acetic acid ofien yields a residue of small
bones and tceth; but these are almost entirely those of
actinopterygians. At one locality I have recovered a few
teeth of Rhinobatos, and the teeth of Pseudocorax in
another. Nonetheless, my limited investigations of these
lenses lead me to conclude that the chondrichthyan fauna
was quite limited and numerically overwhelmed by the
abundance of actinopterygians. This is certainly in
contrast (o the ratios of absolute numbers of |
chondrichthyan to actinoplerygian teeth in sands and
conglomerates in earlier Upper Cretaceous strata in
Kansas. There also is a definite difference in the taxo-
nomic diversity of these two groups in Smoky Hill shell
lenses compared to sands and conglomerates in earlier
Kansas horizons, I attribute these differences in large part
to the deep water and apparently reduced oxygen levels
near the sea floor.

The composition of the Smoky Hill Chalk Member

chondrichthyan fauna is similar to that ermed the
Prychodus-Cretoxyrhina association in the usage of Meyer
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(1974). He defined that association thus; “Faunas with
low diversity but large numbers of individual teeth.
Dominated by Squalicorax, Cretoxyrhina, and Ptychodus
with very little else present. Found in thin-bedded silty
calcarcnites with thick dark olive gray shale interbeds and
chalk-limesione facies (Niobrara Group).” Meyer (1974).
characterized the Ptychodus—Cretoxyrhina association as
differing from most other Upper Cretaceous shark associa-
tions by having mare anacoracids than Odontaspis. The
Smoky Hill Chalk Member is even more extreme in this
respect than most of his Texas examples of the Ptychodus-
Cretoxyrhina association in having very nearly no
Odontaspis at all. Meyer (1974) explained the abundance
of pelagic sharks in this association and absence of other
types as being the result of deposition in deeper waler.
Within the Niobrara Chalk, there is a general upward
trend of continuing reduction of chondrichthyan diversity.

- First, Scapanorhynchus and two species of Prychodus are
-lost Next, Prychodus mortoni and Pseudocorax laevis
disappear. Eventually, even Cretoxyrkina mantelli is lost.

The apparently brief appearance of Rhinobatos near the
top of the member may be due 10 improved oxygenation
and/or shallower water.-

Except for brief intervals, the Smoky Hill Chalk
Member ichthyofauna seems 10 be devoid of
acanthomorph teleosts. Upper Cretaceous faunas from
Lebanon apparently produce a higher percentage, This
may be, in part, a result of a generally negative
preservational bias in the case of the Kansas chalk .
acanthomorphs. Some of the inoceramid-ostreid
calcarenites yield elements of acanthomorphs that appear
10 be different from those preserved within inoceramids
{Stewart, this volume). This could have to do with
proximity 0 shore. The only acanthomorphs in the Smoky
Hill Chalk' Member seem 10 be tied to areas with topo-
graphic relief (particular bivalves)., Even though only
sporadically present, the diversity and abundance of
Smoky Hill Chalk Member acanthomorphs appears to be
greater than in earlier Upper Cretaceous horizons in the
Westemn Interior.

Conclusions

Even in the last twd decades, most collecting of
veriebrate fossils in the Smoky Hill Chalk Member have
been performed without proper stratigraphic data. Our
understanding of the vertebrale biostratigraphy of the
Smoky Hill Chalk Member is rapidly increasing. The
“Niobrara vertebrate fauna™ is, in reality, composed of
several faunas. Many of the faunal changes within the
Niobrara Chalk seem 10 be due to climati¢c change or

change in water depth. Others are due to extinction, and
yet cthers are due to evolution. There are still species and
genera of invertebrates, fish, and reptiles 10 be described.
Although some of these arganisms are rather large (on the
arder of meters), others are quite small. One of the
undescribed teleosts is the most numerous vertebrate
species known in collections from the Niobrara Formation,
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Hattin (1982} objecied 1o a hypothetical upright
arientation of Platyceramus because none has been found
in that position, and because Erle Kauffman (personal
communication 1o Hattin} has seen no evidence of byssal
artachment. The second statement is difficult to evaluate,
but it is not surprising that no Plaryceramues have been
found preserved in &n upright position in the Smoky Hill
Chalk Member, because the average deposition rate was,
according to Hattin (1982), approximately 0.036 mm/year.
T have observed many Plaryceramus platinus specimens
that have a crushed anterior margin, part preserved
vertically and part horizontally, indicating a rather steep
angle here relative to the gengrally flat surface of the
majority of the shell. This surface on the anterior margin
is essentially a rudimentary lunule, However, [ cannot
slate that this surface is entirely devoid of ostreids. Seitz
{1962 } argued that a close relative of Platycerarmus
Platinus, Platyceramus mantelli mantelli, could have had a
byssus.
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Some soft anatomy of the inaceramids is preserved.
In many specimens of P. platinus from the zone of
Clioscaphites choteauensis, and in a few from the zones of
both Volviceramus grandis and Spindptychus sternbergi,
gills are visible. In many instances, fish preserved within
those P, platinus specimens are found between or beneath
the gills {fig. 3), This implies that those inoceramids were
alive or only very recently deceased when the fish died
(Siewart, 1982, 1987,1990).

These findings are the basis far the hypothesis that the
fish found within the Smoky Hill Chalk Member
inoceramids were inquilines of the inoceramids, that
Platyceramus platinus lived in an upright rather than
recumbent position, and that the toppling of a P, platinus
containing fish led to the death of both the hast and the
inquilines. A ligament strong enough 1o open such a large
bivalve in an erect position may not be strong enough 1o
open it in'a recumbent position.

Implications

The conciusion that these entombed fish were
inquilines of inoceramids leads to several additional
hypotheses. The first is that many species of inquiline fish
interacted with one another as well as with their hosts. In
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the zone of Volviceramus grandis, both Paraliodesmus
and an undescribed holocentrid have been found in the
same inoceramid specimen, Numerous multi-species

occurrences are known from the zone of Clioscaphites
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FIGURE 3—Photograph of three holocentrid alpha, KUVP 69479-69481, preserved within Platyceramus platinus, showing gills of
the host overlapping the fish skeletons. The gills are the thin, finely siriated layer. Scale equals 15 cm
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choteauensis. One specimen of Plaryceramus platinus
hosts both Paraliodesmus and an undescribed holocentrid I
will here refer 1o as holocentrid alpha, Two contain
Urenchelys abditus and holocentrid alpha. Three speci-
mens of Platyceramus platinus host holocentrid alpha and
Trachickthyoides, Four more contain holocentrid alpha
and Caproberyx. Up to three fish species may have
cohabitated. Paraliodesmus, Trachichthyoides, and
holocentrid alpha are preserved in ane Plaryceramus
platinus. Among \hese species, only Paraliadesmuts is
known to have preserved stomach contents. Although it
was clearly carnivorous, there is no indication that it
preyed on any other inquiline fish species.

in the zone of Spinaprychus sternber gi, only two
inquiline fish species are known: Omosoma garretti and
Leptecodon rectus. As many as 36 Omosoma have been
found in an individual Platyceramuis platinus. Only two
Leptecodon specimens are known. Each wag found in a P,
Platinus with several specimens of Orwsoma. In one
Lepiecodon, the siomach definitely contains a small
teleost, possibly Omosoma (fig. 5). The other Leptecodon
may have an Omosoma in its alimentary cavity, but it is
unclear because of the nature of its preservation, It is
possible that this fish within a fish within an inoceramid is
evidence that predators had penetrated the defenses of the
inquiline fish species. The fact that this is the geologically

TABLE 1—One-way analysis of variance of the first 10 caudal centra of halocentrid alpha

Pooled St. Dev. = 1.74

Specimen KUYP KUvp Kuvp KUVP KUVP KUVP KUVP KUVP AMNH  USKM
no.
45403 65700 49403 57251 47247 694567, 49403 65697 9840 336382~
69469, 336386
69470,
69472,
69473
Measure- 287 206 24 243 163 239 224 216 21.7 26.8
ment in 257 238 229 213 231 265 216 27.8 216 2.0
mm 26.8 209 19.1 29 204 265 21.7 285 212 212
273 26.1 202 241 242 26.8 208 215 212 217
249 21.6 210 255 228 28.7 21.7 269 217 245
2.0 255 2.7 234
285 26.1 26.5
29.2 24.6
219
Analysls of variance
DUETO DF 58 MS = S5/DF F-RATIO
Factor 9 3129 an 11 54w
"Error 50 150.59 30
Toual 59 463.50
LEVEL N MEAN ST.DEV.
Cl 9 2747 145
2 8 23.65 231
C3 7 2211 239
c4 6 23.85 144
Cs 5 2196 203
C6 5 26.48 1.1
C? 5 21.64 057
C8 5 27.66 058
c9 5 2148 0.26
Cl10 5 2344 11

wx = P < 0,001
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FIGURE 1—Map of localities in Gove and Logan counties. Dashed lines berween localities show their order in figs. 3 and 5-7,
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Locarrry 60— Just north of road and west.of cil well in E-W middle of line between secs. §-and 7.T.8 5, R 23 W, Grahgm Congpiry,
Kansas. Base a1 2,250 ft {675 m). Units 13-17 are Marker Unit 16.
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TABLE 1—Camparison of the vertebrate faunas of the Smoky Hill Chalk Member of the Niobrara Formalion and the Sharon Springs
Member of the Pietre Shale. Compiled with the asgistance of J. D. Stewart.

Smoky Rills Sharon Springs

Class Chondichthyes
Subclass Elasmobranchit
Order Euselachii
Superfamily Galeomorphii
Femily Creloxyrhinidae
Cretaxyhina mantelli
Pseudocorax laevis
Cretolamna appendiculata
Family Anacoracidae
Squalicorax falcatus
S. kaupi
5. cf. §. kaupi
Family Prychodontidae
Prychodus martini
P. anonymous
P. morioni
P. polygyrus
P, enterospira

L A R

E e

Class Osteichthyes
Subclass Actinoplerygii
Superorder Neopterygii
Division Pycodontiformes
Family Pycnodonlidae
Hadrodus marshi X
Micropycnodoen kansasensis P4
Division Ginglymodi
Family Lepisosteidee )
- Lepisosteus sp. X
Division Halecostomi
Subdivision Halecomarphi
Order Amiiformes
Family ?Caturidae
Paraliodesmus guadgpnii
Order Pachycormiformes
Family Protosphyraenidae
Protosphyraena sp.
P. nitida
P. pernicosa
P. recurvirostris
P, pladius
P. tenuis
Order Aspidorhynchiformes
Femily Aspidorhynchidae
Belonostomus sp,
Order Asaroliformes
Family Aserotidae
Asarotus arcanus X
undescribed holostean X

e - >
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Smoky Hills Sharon Springs

Subclass Sarcopterygii
Order Coelacanthida
Family Coelacanthidac
Macropoma? sp. X

Class Reptilia
Order Chelonia
Femily Pelamedusidae
Bothremys barberi
Family Toxochelyidae
Taxochelys latiremis
Lophochelys natatrix
L. niobrarse
Ctenockelys stenapora
C. procax
Prionochelys glaeotergum
Cynocercus ircisivius
Porthockelys laticeps
Femily Protostegidas
Protostega gigas
P. poters
Chelosphargis advena
Calcarichelys cf. C. gemvma
Archelon copei
Order Plesiosauria
Family Polycotylidae
Polycotylus sp.
P latipinnis -
Dolichorhynchops osborni
Family Elasmosauridae
Elasmasaurus platyurs X
Styxosaurus browni X
S. snowii X
Alzadasaurus pembertont X
A. kansasensis
Thalassonomosaurus marshii
Thalassiosaurus ischiadicus
Order Squamala
Family Mosasauridae
Platecarpus rympaniticus
P. somenensis
P.cf. P. somenensis
Mosasaurus ivaensis
Clidastes propyihon
C. Lodoruus
Globidens dakotensis
Ectenosaurus clidasioides
Halisaurus siernbergi
T. proriger
T. nepaeolicus
Order Pierosauria
Family Pteranodonidae
Nyctosaurus gracilis
Pteranodon sp. X
P. longiceps X
P sternbergi X
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