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The Niobrara Chalk of western Kansas is known 
worldwide for the large numbers of excellently 
preserved fossil vertebrates. 

The Niobrara Chalk crops out in a large area of 
western Kansas in a band running from northeast to 
southwest. It is divi_ded into two members: the Fort 
Hays Limestone Member is the lower member, and 
the Smoky Hill Chalk Member the upper. The 
limestones and chalks of the Niobrara Chalk were 
deposited in moderately deep water with a very flat 
bottom. This resulted in largely undisturbed sedi-
mentation over large areas. The possibility of 
correlating fine-scale lithe.stratigraphic features, as 
thin as 1 or 2 mm, over distances on the order of 150 
km (90 mi) may be in marked contrast to_ the experi-
ences of paleontologists working in other areas. 

. The Fort Hays Limestone Member ranges from 
-17 to 30 m (56-99 ft) thick in Kansas. Invertebrate 
fossils are common, but not diverse. Vertebrate 

. fossils are quite rare. Frey (1972). however, sus-
pected that teleost scales occur throughout the 
member. Vertebrate fossils most commonly occur 
near the base. These appear to be rewortced .from the 
underlying Codell Sandstone. However. Prychodus 
mortoni was collected from the lower part of unit 16 
of the measured section provided here. Scouring is 
more frequently observed in the Fort Hays Limestone 
Member than in the Smoky Hill Chalk Member. The 
age of the Fort Hays Limestone Member is lower 
Coniacian. The Fort Hays Limestone Member is a 
frequently used bui1ding stone in areas where it crops 
out, but it is rarely used for fence posts. 

The Smoky Hill Olalk Member is considerably 
thick.er than the Fort Hays Limestone Member. The 
composite stratigraphic section of the Smoky Hill as 
reported by Hanin (1982) is 180 m (594 ft). Inverte-
brate fossils are common and in many horizons are 
CJttremely numerous. Vertebrate fossils also are 
common. The age of the Smoky Hill Chalk Member 
is upper Coniacian through lower Campanian. The 
Sharon Springs Member of the Pierre Shale lies 
conform.ably on top of the Smoky Hill Chalk Mem-
ber in western Kansas~ 

1bis road log will describe selected localities in 
order to examine the Niobrara Olalk in stratigraphic 
order. However, before concentrating on the 
Niobrara, the Cretaceous stratigraphy and fossil 
vertebrate record of western Kansas should be briefly 
reviewed in chronological order. 

Kiowa Formation-The Kiowa Formation 
consists of dark-gray shales. tan mudstones, and 
sandstones deposited during the Kiow~kull Creek 
Cyclothem. The primary source wortc is that of Scott 
(1970). Fossil vertebrates include Scapanorhynchus 
sp., lamna sp .. Seylorhinus sp. Leptostyraz 
macrorhiza (Schultte et al., 1982). Hybodus. sp., 
Coelodus sp., Ceratmlusfrazeri (Schultze, 1981), 
Xiphacnnus? sp .• chelonian, Brachauchenius sp., 
Cimoliasaurus sp., Trinacromerum sp., 
Plesiosaurus? sp., Dakotasuchus kingi, and dinosaur 
fragments. 

Dakota Formation-The Dakota Fonnation 
consists of quartzose sandstones, siltstones, mud-
stones, and shales deposited as nonmarine and 
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marginal marine sediments in the early pan of the 
Greenhorn Cyclothem. Venebrate fossils include 
Dakotasuchus kingi (Mehl, 1941), Sy/1Jisaurus 
condrayi (Eaton, 1960), and a bird trackway (Snow, 
1887). 

Graneros Shale-The Graneros Shale consists 
of shales, sandstones, and skeletal limestones depos-
ited as .marine sediments in the early part of the 
Greenhorn .Cyclothem. H_attin (1965) has published 
the most extensive account ofthis fonnation. Verte-
brate fossils include Prychodu.s occidenlalis (Schultze 
et al., 1982). 

Greenhorn Limestone--The Greenhorn Lime-
stone consists of dark shaly chalks and chalky 
limestones deposited during the maximum transgres-
sion of the Greenhorn Cyclothem. The most exten-
sive account of this formation is that of Hattin 
(1975a). Vertebrate fossils include Protosphyraena 
bentoniana and Pachyrhizodus minimus (Schultze et 
al., 1982). 

Carlile Shale-:. The Carlile Shale consists of 
shales, shaly chalks, and chalky limestones deposited 

during the regressive phase of the Greenhorn 
Cyclothem. The most complete reference on the 
geology and paleontology is that of Battin (1962). 
Vertebrate fossils include Cretolamna 
appendiculara. uptostyrax crassidens. Cretoxyrhina 
mantelU, Squalkoraxfalcams. Coel«JMs mecuri 
(Schulrze et al., 1982), Xiphacrinus audta (Schultze 
et al .• 1982), Ptychodus whippltl, Enchodus sp., 
plelhodid, ''elopid .. (Miller, 1958), Desmatochelys 
lowi, and a mosasaurid. 

. Niobrara Cbalk-TheNiobrarac.onsists of chalky 
limestones and chalks deposited at the maximum trans-
gression of the Niobrara Cyclothem. 

Pierre Shale-The Pierre Shale of 
dark-gray shales deposited during th~ regressive 
phase of the Niobrara Cyclothem. The Sharon 
Springs Shale Member lies confonnably on top of 
the Niobrara and is quite fossiliferous. Vertebrate 
fossils include Protosphyraena gladius (holotype of 
P. gigas), Cimolichthys nepaholica (holotype of 
Empo lisbonensiJ), Toxochelys lattremis, mosasaurs, 
and plesiosaurs. 

Road log 
We leave Lawrence and drive 232 mi (371 km) west on 1-70 to Hays. We take exit 159 and follow US-

183 north 15 mi (24 km) to the roadcut just north of the Saline River. 

STOP 1-Fort Hays Limestone Member. 

The Carlile-Niobrara contact is the greatest hiatus in Upper Cretaceous sediments in the Great Plains. 
The Fon Hays Limestone Member of the Niobrara Chalk represents the initiation of the transgressive phase of 
the Niobrara cyclothem. Hattin (1975b)' documented the fact that the Carlil~Niobrara contact is diachronous, 
and that the base of the Niobrara Chalk beromes increasingly younger as one progresses from the southwest 
to the nonheast. The thickness of the Fon Hays Limestone Member at lhis exposure is considerably less than 
it is at sites in southern Trego County (see Frey, 1972; Hattin, 1982). The upper half of the Fort Hays Lime-
stone Member exposures here are easily correlated through lithosttatigraphy with units 28 through 51 of Frey 
(1972} and units 21 through 42 of Locality 1 ·of Hattin (1982). These saine beds are nearly as thick atthis 
locality as their counterpans in Trego County. The lower half of the Fon Hays Limestone Member at this 
locality is not easily correlated with any units in the Trego County sections. Furthennore, the remaining 
portion of the Trego County exposures is much thicker than the lower half of the exposure at stop 1. There~ 
fore, our observations are in agreement with the conclusions of Hattin (1975b). 

Invertebrates at this locality include Pseudoperna congesta and Cremnoceramus browni. If lnoceramus 
deformis and Pycnodonte aucel/a occur at this exposure, they would probably occur only in units 1 to 3. The 
diverse ichnofossils in the Fort Hays Limestone Member are described in Frey (1970). 



Locality 1-East side of the roadcut on US-183 north of lhe Saline River in NE 1/4 sec. 3, T. 11 S., R 18 
W •• Ellis County, Kansas. 'Ibis is a nearly complete section from the Carlile-Niobrara contact to the base of 
the Smoky Hill Chalk Member. Unfortunately, the Fon Hays Limestone-Smoky Hill Owk contact is not 
clearly delineated at this exposure. Fauna: Pseudoperna congesta, Cremnoceramus browni, Ptyehodus 
mortoni, and Gillicus arcuatus. 

s 

Unit Description Thickness 
(cm) 

31 A 10-mm blocky limestone above a 6-mm bentonite 17 
30 Chalky limestone. Fossils: GillicllS arcumu.s 119 
29 Bentonite 2.5 
28 Blocky limestone, upper 45 an are softer 134 
27 Cream- to buff-colored cha1k forming reenirant 10 
26 Blocky limestone 67 
25 Gray shaJe forming reentrant. possibly a bentonite 4 
24 Blocky limestone 35 
23 Sha1e forming reentrant. with a 3-an harder layer in the middle 8 
22 Blocky limestone 34 
21 ShaJe fonning reentrant 2 
20 Blocky limestone -with a softer zone 16 cm above base 90 

16 19 Shale fonning reentrant 6 
18 Blocky limestone 95 
17 Bentonite 2 

1:2 16 Blocky limestone with a heavily burrowed zone 39 an above base. 
Fossils: Prychcdus mortoni found within first 39 cm 91 

10 15 Sha1e fanning reentrant 2.5 
14 Blocky limestone 53 
13 Shaly bioturbated chalk 19 

5 12 Blocky limestone with a softer zone 78 cm above base 132 
11 Shaly reentrant with a 5-cm harder layer 9 cm above the base. 

3 Fossils: burrows in harden.one 19 
10 Limestone; upper 27 cm spalling and fragmented 81 
9 Gray shaJy parting 6 
8 Chalk with a thin shaly parting at the base 16 

l 7 Chalk 27 
6 Gray shaly parting 8 
5 Limestone. Fossils: burrows 92 
4 Bentonite 4 
3 Limestone. Fossils: Cremnoceranws browni, burrows 130 
2 Shaly parting with a 7•mm bentonice 9 
1 Limestone with a softer zone 1.88 m above base 305 

Total thickness of measured section 16.20m 

RGURE I-Measured section or Fort Hays Limestone Member at locaJity 1. 

We go south on US-183 and return to 1~70, then travel west44 mi (70 km) to Collyer. We take exit 115 
and tum south onto FAS-275. 10.5 mi (16.8 km) south of 1-70, we cross Hackberry Creek, and 2.5 mi (4 km) 
further we stop on the west side of Wildcat Canyon. 

STOP 2-Wildcat Canyon. 

This locality was collected by personnel from the University of Kansas during the late 19th and early 20th 
centuries. It is also known as "Cat Hills" and "1 1/2 mi s. of Banner." The holotypes of Marlinichthys 
intermedius and M. alternatus come from this locality (McOung, 1926). The sediments ofthis exposure are 
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of the upper Coniacian age and include two biostratigraphic zones: the zones of ProtosphyrtUna pernlcosa 
and Spinaptyclws n. sp. 

Locality 2-Wildcat Canyon. Badlands on the south or west side of Hackberry Creek in SW 1/4 sec. 16, T. 
14 S., R. 24 W., Trego County, Kansas. The exposure ranges from 2 m (6.6 ft) below Marker Unit 2 up to 
Made.er Unit 4. Modified with some additions from the description of Locality 17 of Hattin (1982). Fauna: 
Volviceramus grandis, PseUIUJperna congesta, Duran/a maxima, Spinaptychus n. sp., Tusoteuthis longa, 
Zeugmatolepas sp., Ptychodus anonymous, Squalicoraxfalcatus, Cretoxyrhina mantelli, Parali.odesmus 
quadagnii, Prowsphyraena nitida. P. pernicosa, P. tenuis (documented in Stewart, 1988), Pachyrhizodus 
minimus, Martinichthys intermedius, M. alrernatus, M. :iplwides, Cimolichthys nt!paholica, and Enclwdus 
petrosus. 

10 Unit Description Thick.nm 
(cm) 

12 Chalk. Hard, bioturbated-and forms conspicuous ledge. 
9 With unit 11 below, il makes up Markez Unit 4. Fossils: 

Platyctramus platinu.s, Pseudo~rna C()ngesta 9.1 
11 Bentonite 0.3 
10 Chalk. Alternating harder and softez z.ones may erode to form ledges. 

8 Fossils: Volviceramus grandis, Pseudoperna congesta, 
Enclwdus petrosus 216.5 

9 Chalk. More resistant zones may produce ledges. 
Fossils: Volviceramus grandis,Pseudoperna congesta 222.6 

8 Chalk. More resistant zones may produce ledges. We detected a 5-mm 
7 bentonile approximately .l .38 m above the base. 

Fossils: Volviceranws grand#, PseudoperM congesta 228.7 
7 Chalk and chalky limestone, yellow to orange. Alternating hard and soft 

6 
zones erode to produce five subequally spaced ledges. This is Marker 
Unit 3. Fossils: .VolvictrOJnJU grandis,Pseudoperna congesta, 
Platyceramus plarinus, DuranilJ maxima, augmatokpas sp., 
Xiphactinus audax, Ptychodus sp. • 289.6 

6 Chalk, gray. Fossils: Volviceramus grandis, Pseudoperna congesta, 
Platyceramus platitulS, Stramentum "haworthi, Durania maxima, 
:leugmarolepas sp., Xiphaczi,uu au(./a.%, Ptyc/J()dus sp. 161.7 

5 Chalk. A 60-cm-lhick zone with numerous.inoceramid fragments 
lies 6.08 m above base. Fossils: Volviceramus grandis, 
Pseudoperna congesza, Platycerarruu platinus, Protosphyraena 

5 pernicosa 888.7 
4 Bentonite 0.3 
3 Chalk. Fossils: Volviceramus grandis, Pseudoperna congesta, 

Platy.ceramus plarinus 100.8 
2 Bentonite. Expanded by iron oxide and gypsum up to 4.9 cm. 

This is Markee Unit 2 2.5 
I Chalk. Fossils: Volviceramus grandis,Pseudoperna congesta.. 

Platyceramus platinus 198.3 
N 

3 Total thickness of m~ured section 23.19m 

l 

FlGURE 2-Measured section at Wildcat Canyon, locali1y 2. 



We backtrack nonh O.S mi (0,8 km), turn west and travel 2.8 ml (4.5 km), and then travel north 1 mi (1.6 
km) to the Castle Rock area . . In order to see the exposures in stratigraphic order, we first stay to the left and 
go north of Castle Rock itself. After examining the nonhem outcrop area, go south past Castle Rock and 
continue south along the eastern edge of the bluffs. 

STOP 3-Castle Rock. 

7 

Castle Rock was a well-known landmalk on the Butterfield Overland Dispatch. It also has been the focus 
of studies on lhc weathering rate of the Smoky Hill Olalk Member (Williston. 1897; Smith, 1948). Expo-
sures immediately to lhe nonh and south proyide an overlapping section from the zone of Cladoceramus 
undulatoplicatus to above Malker Unit 12 (see localities 19 and 18. respectively. in Hattin, 1982). The zone 
of Cladoceramus undulatopllcatus is of lower Santoni an age. The upper part of the secdon, panicularly-that 
above unit 19 of Locality 4, is of upper Santonian age. The correlation we offer of the lower strata nonh of 

• Castle Rock with lhe higher strata south of Castle Rock differs somewhat from the treatment of Hattin ( 1982). 
Our measurements of th~ strata of this locality differ from lhoS'e of Hattin (1982) above unit 21. Unit 24 at 
Locality 3 corresponds to unit 5 of Locality 4 (Locality 18 of Hattin, 1982) and is MarlcerUnit 8. The upper-
most bentonite at Locality 3 (unit 32) is the lower bentonite of Marker Unit 9. The massive caprock th;:1t 
fonns. the top of Castle Rock and other pinnacles in this area is Marker Unit IO of Hattin (1982). ·It performs 
the same function at some other well-known Smoky Hill Chalk Member exposures such as Monument Rocks 
in western Gove County and Castle City in eastern Logan County. 
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Locality 3-Exposures on the south or west side of Hackbeny Creek and nonh of Castle Rocle. in NE 1/4 sec. 
2, T. 14 S .• 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 undulatoplicaw.s, Platyceramu.s plalinus, Pseudoperna congesta, 
Baculites sp., Tu.soteurhis longa, Clioscaphites sp., Zeugmal()/epas sp., Ptychodus morumi (described in 
Stewan, 1980), Squ.a/icorax sp., Cretoryrhina mantellt, Protosphyraena tenuis (Stewart, 1988), 
lchthyodectes ctenodon, Pachyrhizodus minimus, holocentrid alpha, Caproberyx sp., Toxochelys latiremus, 
Pteranodon sp., Nyctosaurus sp., Jchthyornis sp. 
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31 
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Description 

Chalk. With unit 32 below, fonns part of Marlcer Unit 9 
Bentonite 
Chalk 
Ferruginous seam 
Chalk 
Ferruginous seam 
Chalk 
Bentonite 
Chalk 
Bentonite, waxy 
Chalk. Fossils: Squalicoraxfalcatus. holocentr;id alpha 
Bentonite, rather indurate. where weathered 
Chalk. Fossils: Platyctramus platinus. Pseudoperna ~ngesta, 

Squaiicoraxfalcatus, holocentrid alpha 
Bentonite 
Chalk. • Flaky where weathered. The color change from 

predominately gray 10 a lighter color takes place in this unit 
approximately 1.5 to 3 m below the top. 
Fossils: Plaryceramus plalinus, Pseudoperna congesta, 
Toxochelys latiremus 

Bentonite 
Chalk. Flaky where weathered. Fossils; PlatycerOITIUS platinus, 

Pseudoperna congesla, Durania maxima, Tusoteuthis longti, 
Cretoxyrhina mantelli 

Bentonite, greenish-gray. This is Marker Unit 7 
Chalk. Fossils: Plarycerarrms p/atinus, Pseudoperna congesta 
Bentonite 
Chalk. rather soft 
Bentonite 
Chalk. Fossils: Platyceramus platinus, Cladoceramus 

undulazoplica1us, Pseudoperna congesta 
Bentonite 
Chalk. Fossils: Cladocerarnus undulatoplicatus, Pseudoperna 

congesta 
Ferruginous seam 
Chalk. Fossils: Pseudoperna congesta 
Bentonile 
Chalk. Fossils: Platyceramus platinus 
Bentonite 
Chalk. Fossils: Platyceramus plcuinus, Pseudoperna congesta 
Bentonite. This is Marker Unit 6 
Chalk . . Fossils: Cladoceramus ~ndulazoplicatu.s. 

Pseudoperna congesta 

Thickness 
(cm) 

s 
1 

110 
0.1 
33 
0.1 
165 
0.7 
168 

1 
196 
0.5 

117 
0.3 

750 
0.6 

286.S 
1.5 

125.5 
0.3 

12.5 
0.6 

120.5 
0.9 

83.7 
0.1 

134.2 
0.6 

149.5 
0.6 

.228.6 
2.5 

330.8 

30.27m 
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Locality ~Exposures south of Castle Rock in SW 1/4 sec. 1 and NW 1/4 sec. 12, T. 14 S., R. 26 W., Gove 
County, Kansas. The exposure ranges from 1 m (3.3 ft) below Marter Unit 8 up to 3 m (10 ft) above Marker 
Unit 12. Modified with some additions from the description of Locality 18 of Hattin (1982). Fauna: 
Platyctramus platinus, Pseudoperna congesta, Bacullres sp., ~ugniatolepas sp., Encltotms shumardi, 
holocentrid alpha, Caproberyx sp., Kansius .sternbergi (the syntypic series was collected at this locality 
{Hussakof, 1929], and so were all other inoceramid commensal fishes collected by 0. Sternberg}. 
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37 
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35 
34 
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32 
31 
30 
29 
28 

27 
26 
25 
24 
23 
22 
21 
20 

19 

18 
17 
16 

15 
14 

13 
12 
11 
IO 
9 
8 
7 
6 s 
4 
3 
2 
1 

Chalk 
Bentonite 
Challc 

Description 

Chalk. Fossils: Pseudoperna congt.sta 
Bentonite 
• Chalk, fonns rounded ledge. Fo.uils: Platyceramus platinus, 

Pseudoperna congesta 
Bentonite 
Chalk, resistanL Fossils: Platyceramus platinus, Pstwloperna congesta 
Bentonit.e 
Chalk. Fossils: Platyceramus platinus, Pseudoperna cong~sta 
Chalk. Upper 27.5 cm darker, organic rich. Fossils: PlatyceramJU 

platinus. Pseudoperna congesta 
Bentonite 
Chalk. Fossils: Pseudoperna congesta 
Bentonite 
Chalk. Fossils: Pseudoperna congesta 
Bentonite 
Chalk. Fossils: PlatyceramllS platinu.s •. Pseudoperna congesta 
Bentonite 
Chalk, very resistam,.bioturbated. Fonns a caprock on outcrops. 

This is Marker Unit 10. Fossils: Plaryceramus plannus, 
Pseudoperna congesla, Bacidites sp., S1rameruum haworthi, 
Zeugmatolepas sp. 

Chalk with five subequally spaced bemonites. 
Fossils: Plaryceramus platinus, lnouramus ballic11,r, 
PseudcJperna conge.sza, Baculite.s sp., Clioscaphites chote~nsl.r 

Chalk. Fossils: Plaryceramus.platinus, Pseudoperna ·congesta 
Bentonite 
Chalk. Fossils: Platyceramus pla'linus, lnoceramus balticus, 

Pseudoperna congesta, Baculite.s sp.,. Clioscaphites chote~nsl.r 
Bentonite. With units 13 and 14 below forms Marker Unit 9 
Chalk. A lighter bioturbated ZQDC 9 .2 cm thick is .in the middle. 

Fossils: Platyceramus platinus, Pseudoperna congesta, 
Zeugmatolepas sp., hofocenlrid alpha 

Bentonite 
Chalk. Fossils: Platyceramus platinws, P&eudoperna congesta 
Bentonite 
Chalk. Fossils: Platyceramus platinus, Pseudoperna conges,a 
Bentonite 
Chalk. ·Fossils: Platycerarrws platinus, Pseudoperna congesta 
Bentoniie 
Chalk. Fossils: Platyceramus platinus, Pseudoperna con.gtsta 
Bentonite. This is Marker Unit 8 
Chalk. Fossils: PlatycerCllnUS plalinus, Pseudbperna congesta 
Bentonite 
Chalk. Fossils: Platyceramus platinus, Pseudt,perna congesta 
Bentonite 

Total thickness of measured section 

FIGURE 4-Measured section at locality 4 south of Castle Rock. 

Tbickne~ 
(cm) 

21.4 
0.3 

39.6 
91.4 
0 .2 

-35 
0.3 

102.3 
2.1 

195.2 
• 

347.6 
4.6 
9.2 
0.9 

10.? 
0.9 

29 
0.6 

669.2 

82.3 
35.l 
0.2 

76.2 
1.8 

7?.7 
0.7 

117.5 
1.2 

36.6 
0.3 

177 
0.9 

186.1 
1.2 

201.2 
0.3 

128.2 
1.2 

26.86m 



10 

Leaving Locality 4, we follow the road up to the top of the bluffs and go O.S mi (0.8 km) south, tum west 
and. drive 4 mi (6.4 km) west, then tum north and follow FAS-278 and 272 15 mi (24 km) to Quinter and 1-
70. We take I-70 33 mi (53 km) west to Oakley w,iere we spend the night If we were not pressed for time, 
we would visit the Fick Fossil Museum in Oakley that has interesting displays of Niobrara fossils, artwork 
made from fossils, and historical items. 

We leave Oakley and take US-83 south. BegiMing about 16 mi (25.6 km) south of Oakley, small 
outcrops of yellow chalk can be seen ·on either side of the highway. The light-gray rock cropping out further 
north is the Tertiary Ogallala Sandstone. Six rriiles (9.6 km) further (22 mi (3S JcmJ south of Oakley), a bridge 
crosses the Smoky Hill River . . The small number of abandoned buildings in the erove of bees just south of 
the river is Elkader. Five miles (8 km) east of Elkader are Monument Rocks which we will not visit for lack 
of time. One-half mile (0.8 km) south of Elkader we tum west onto County 474. We travel 4.6 mi ('I .4 km) 
west, 2 mi (3.2 km) south, and then turn left. Here the road passes between the Little Pyramids. Like Castle 
Rock to the east, the Little Pyramids have the caprock (Marker Unit 10) at the top. We continue S mi (8 Jan) 
west, 1 mi (l .6 km) south, and 3.8 mi (6. t km) west. We stop just south of a large bluff on the south side of 
Twin Butte Creek. 

STOP 4-Twin Butte Creek. 

This locality and others like it along the south side of Twin Butte Creek (or just Butte Creek) were 
·extensively collected in the t870's by field parties led by B. F. Mudge and S. W. Williston for the Yale 
Peabody Museum, and by E. D. Cope and C.H. Sternberg (collections now in the American Museum). It is 
representative of the upper half of the Smoky Hill Chalk Member. The upper half of lhe Smoky Ifill Cltalk 
Member is rather uninteresting as regards macroinvertebrate and venebrate biostratigraphy; it is all within the 
zones of Platyceramus platinuJ and Protosphyraena gladius and P. tenuis. However, it has produced large 
numbers of venebrates. 

Locality S-Bluff and exposures on the south side of Twin Butte Creek in W J/},, sec. 16, T. IS S .• R. 34 W., 
Logan County, Kansas. The exposure ranges from Marker Unit 14 up to just below Marker Unit 16. Modi-
fied with some additions from the description of Locality 18 of Hattin (1982). A prominent fault runs roughJ,y 
east to west along the line between the NW 1/4 and SW 1/4. Fauna (from this locality or adjacent ones along 
Twin Butte Creek): Plaryceramus platinus, /noceramus (Endl)cosrta) balticus, Pseudoperna congesta. 
Baculites sp., Xiphactinus audax, Clidastes, Platecarpus, Tylosaurus, Toxochelys, Ctenocheljs stenopora, 
Protostega, pelomedusid, Pteranodon, Nyctosaurus, Hesperornis, Jchthyornis. 
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Description Thickness 
(cm) 

Weathered chalk to top of outcrop 
Seam 
Chalk 
Bentonite 
Chalk 
Bentonite 
Chalk 
Selenite seam 
Chalk 
Bentonite, very pale orange clay, greatly expanded by iron oxide 

and gypsum. The latter crops out as selenite ledges 
Chalk, grayish-yellow 
Gypsiferous seam 
Chalk 
Bentonite 
Chalk 
Feriuginous/gypsiferous seam 
Chalk • -
Bentonite 
Chalk, the bouom 30 cm is pa1ec and the 31 cm above lhat is 

poorly laminated and resistant 
Bemonile 
Chalk, gray, with numerous pyritized inoceramids and 

limonitic inclusions. Upper 52 cm is well laminated, and 
a 3-cm bed of light granular chalk lies just below it. 
Fonns smooth slope. Fossils: Platyceramus platinus, 
Pseudoperna congesra 

Bentonite 
Chalk. Fossils: Platyceramus platinus, Pseudopern.a congesta 
Bentonite 
Chalk. Darker, organic qch zone 27.4 cm thick is 30.5 cm above base; 

it and units 6-8 are Marker Unit 14. 

I 
61 
l,S 

30.S 
1 

213 
8 

327 

3.7 
111.4 

0.6 
32.1 
0.6 

400.0 
0.6 

64.4 
2.9 

183 
2.5 

722.5 
0.6 

414.5 
1.2 

Fossils: Platyceranms platinus, Pseudoperna conge.sta, Baculizes sp. 347.5 
Bentonite 0.6 
Chalk. Fossils: Pseudoperna congesta 21.3 
Bentonite 0:6 
Chalk. Fossils: lnoceramus balticu.s,Platyceramus platinu.s, 

Pseudoperna congesta 109.0 
Bentonite 0.9 
Chalk. Fossils:· lnoceramus balticus, PseUMperna congesta, Baculites sp.192.2 
Bentonite 0.6 
Ch~k 33~ 

Total thickness of measured section 33.9m 

FIGURE 5-Measured section at locality 5 along Twin Butte Creek. 
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Leaving Locality 5 we drive 3.2 mi (5.1 km) west, tum nonh and continue 10.S mi (16.8 km) to the 
Smoky Hill River and 1 more mile (1.6 km) to Russell Springs. 11le exposures along the Smoky Hill River to 
the east and west of Russell Springs are those which were collected by O. C. Marsh and his field panics in 
1870 through 1872. These exposures are some~hat higher in the Smoky Hill Chalk than those at Locality 5, 
but are smaller in area and vertical extent 

We go west through the middle of Russell Springs and then tum nonh onto K-25. We drive 12 mi (19 
km) north, and then take Us.:-40 east 20 mi (32 km) to I-70. We continue 81 mi (129.6 km) east to l{ays. We 
take exit 157 south and follow signs to Sternberg Museum on the campus of Fort Hays State University. 

STOP S-Sternberg Memorial Museum. 

The Sternberg Memorial Museum has one of the very best collections of Smoky Hill Cllalk fossils. The 
collection contains the finest specimens collected by G. F. Sternberg and other through many years of work in 
the Smoky Hill Chalk Member. The exhibits include a complete specimen of Plaryctramus platinus measur-
ing 90 x 86 cm, skeletons of Cretoxyrhina mantel/i, Xiphactinus audax(containing a whole Gilllcus arcuatus 
skeleton), Ectenosaurus clidastoides, and Trinacromerum, type skulls of Pteranodon sternbergi and P. 
walkeri, and the holotype skeleton of Nyctosauru.s bonneri. In addition, there are exhibits about regional 
history and the Sternberg family. 



Calcareous nannof ossils from the Niobrara of 
western Kansas 

David K. Watkins, Hu.a.ibao Liu, and Theresa M. Dunn 
Department of Geology 
Univenity of Nebraska 

Lincoln, Nebraska 68588--0340 

Abstract 
The c:alcueous nannofossils are lhe fossil representatives of the dominant phy10plankton in 

th.e Niobrara Sea. Their incalculable abundance in lhe Niobrara Clwk utesu to dleir role as !he 
base of the food chain which supponed lhe more famous vertebrate. of the NiobrarL The 
fossils from this group of rapidly evolving, environmentally sensitive algae Jr()Vidc a reladvely 
high-resolution biostratigraphy !hat be g)obally-conelated as well u a weallh·of pileoeeo-
logical information on lhe sia~ of !he surface waters during Niobr•a deposition. 

The nannofossil biostra,tigraphy we Jave developed-recognizes at least 15 distinct :r.oncs 
and sub:zones in the Niobrara.(Coni.cian-Lower Campanian) wilh an average duration of <700 
ky. The addition of intta-basinal biohorizons increases this resolution signifiCC1.tly. 

Various aspects of ~e Niobrara nannofossil assemblages indicate: thAt the JUrface waters of 
the Niobrara Sea were similar to, but distinctly different &om, "nonnal" oceanic surface waters 
of the Upper Creiaceous, The presence of significant brauudosphaerids, "bloom'' events of 
MarUUJ.SteriJii!s furcaJus, IJ>Oradic occurrences of the calyptrosphaeracuna. and unusually low 
abundances of arkhangeislciellids indicau surface-water instability with the strong suggeation of 
some small degree of hyposalinity. Higher abundances of the uugrhabdotids in lhc Smoky Hill 
Chalk Member indicate higher surl'ace-water fertility than in lhe Fort Hays Lime.stone Member · 
and c:orrelative oceanic chalks. The presence of several Wla indicate a svonger boreal tie during 
the lala"(Campanian) part of Niobrara deposition. 

Introduction 
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The· calcareous nannofossils are a group of low-
magnesium caJcite fossils varying in size from approxi-
mately 1 to 20 mm. The majority of these objects contain 
the diagnostic skeletal features (i.e. proximal and distal 
shields) which allow them to be easily classified with the 
planktonic Coccolithophyceae, an extant class of the algal 
Division Haptophyta. The individual circular to oval 
skeletal elements (coccoliths) anicula1e by means of a 
tongue and groove arrangement to form a complete hollow 
sphere (coccosphere). Modem coccolithophyceaens make 
up a significant portion of the oceanic phytoplankton 
assemblage, especially in oligotrophic areas such as gyre 
centers. There are other calcareous nannofossils, however, 
which are of unknown biologicaJ affinity or are ~own to 
be other types of algae (i.e. some ThDracosphaera are 
calcareous dinoOagellates). Thus, the calcareous 
nannofossils are really an operational group rather than a 
truJy biological one. 

oceanic pelagic sediments. Using material from the 
voyages of H.M.S. Challengc:r, Thomas Huxley (1868) 
named these forms "coccosphercs'" based upon their 
spherical shape when fully articulated; The Upper 
Cretaceous sediments of the North-American· Western 
Interior Basin were some of the firsi sedimentary deposits 

Because of their small size, it was only afLer micro-
scopes of suitable resolution became available (the late 
nineteenth century) that these tiny objects were recognized 
to be the major volumetric constituent of chalk. Since 
lhen, it has been established that calcareous nannofossils 
comprise the most important sedimentary constituent of 

. recogni7.Cd to contain calcareous rwmofowls. Dawson 
(1874) reported their presence in the Boyne Fonnation of 
lhe Manitoba Escupment. Subsequent reports of calcare-
ous nannofossils from the challcs of Kansas (Williston, 
1893; McClung, 1898) and Minnesota (Woodward and 
Thomas, 1895) indicated their widespread distribution in 
the chalk facies in the eastern part of the t,a.gn·. The 

. presence of calcareous nannofossils in the shaly facies of 
lhe western pan of cbe basin was documented by Goodman 
(19S1), who idenlified them from lhe specks in the • 
speckled shales of Alberta and Montana. Rezak and 
Bwtholder (19S8) commented on the presence of calcare-
ous nannofossils from the Niobrara Chalk and Pierre Shale 
of lhe W estem Interior of the U mted States. 

The first biostratigraphic study was by Trexler (1967) 
on nannofossils from the Greenhorn and Niobrara • 
cyclothems of central Colorado and the Black Hills 
(Wyoming and South Dakota). However, the taxonomy 
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utilized cannot be reconciled wilh modem concepts. Many 
of the names used are now restricted to raxa found only in 
the Cenozoic. In acktition. his small, generalized line 
drawings prevent reassignment 10 fit the modem Wto-
nomic base. Despite these shortoomings, Trexter•s work 
did demonstrate lhe general stratigraphic distribution of 
nannofossils in the Niobrara. A few samples of the 
Niobrara were included in the Wtonomic study of the 
Upper Oetaceous of BuJcry (1969), although the strati-
graphic placement of these samples is impossible to 
ascertain. Covington (1985, 1986) used extensive SEM 
observation in his investigation of the nannofossils from 
the area of the Smoky Hill type se.ction (western Kansas). 
Although Covington (1985) deals briefly with the Niobrara 

nannofossil biostratignphy, the spacing of his reported 
samples is widely variable (1 to> 14 m (3.3 to> 46 ft]) 
and is useful only IO indicate lhe general biostratigraphic 
succession. 

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

concentrate on chis area. 

Biostratigraphy 
The Niobrara Chalk in the type area of the Smoley Hill 

Chalk Member includes strata 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 zonal.ion as il appears in 
Perch-Nielsen (1985) with lhose 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 Coccolilh 
Zone). Some of these zones can be subdivided using 
subzonal indicators: these are designated by letters with a 
being strati graphically lowest within a zone. All seven of 
these zones can be recognized in the Niobrara of I.he type 
area, although the zonal boundaries are uncertain, in some 
cases, due to lhe rarity of the zonal taXa. The suatigraphic 
distribution of these zones and subzones is illusirated in 
fig. 1. 

The lower 18.3 m (60.4 ft) of the Fort Hays Limestone 
Member in the type section is within the M arthasterites 
furcatus Zone (CC13) of the uppennost Turonian through 
lower Coniacian. The nomin.ate taxon M.furcatus is . 
present throughout the Fort Hays bill is not common. This 
may explain why it is not reponed in the two Fort Hays 
samples of Covington (1985). The presence of Lithastriroo 
septenarius 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 Ibis fonn to Uthastrinus grill ii. a six-rayed 
fonn, but not to Lithastrinus moratus, anolher seven-rayed 
fonn. 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 often broken 
and resemble the rays of L. moratus. In addition, there are 
numerous transitional forms between the ancestral L. 

moratus and the descendC[JtL. sepknarius in lower 
Fort Hays. It is clear that the base of the Marthasterites 
fur cat us Zone (i.e CC 13a) is missing in the Fort Hays and 
is probably included in the hiatus al lhe base of the Fort 
.Hays documented by Hattin (1975). 

The presence of Micula decussata and the absence of 
L. grillii places the rest of the Fon Hays (18.>-21.S m 
(60.4-70.9 ft}) in the Micula decu.ssata.Zone (CC14). The 
first 18.3 m (60.4 ft) of the Fort Hays contain common 
transitional fonns between Quadrwn gar1nerii (which 
arose in the early Turonian) and M. decussata. Our 
placement of the fmil M. decussa1a is significantly below 
that of Covington ( 1986), who reported this datum al 
~pproximately 10 m (33 ft) above the base of the Smoky 
Hill Chalk Member (near top of bed 58, Locality 1, of 
Battin, 1982) in the type area (Covington, 1986). Because 

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

Hallin (1975, 1982) documented the succession of 
inocerami~ from the Fon Hays at Hackberry Ranch 
(Trego County, Kansas) including lnoctramJLS deformis 
Meek (l.1-8.6 m [3.6-28.4 ft] above the base of the Fort 
Hays), lnoceramu.s (Cremnoctrmrws) inconstans Woods 
(7.9-14.9 m [26-49 fl] above base),/noctram.us 
(Cremnoceramus) browni Cragin (9.6-14.9 m [31.7-49.2 
ft] above base), andlnoceramus (VQlvictramus) lweneni 
Mueller (uppermost Fort Hays). This sequence indicates 
that the Fon Hays in Trego County spans most of the 
lower to mid-Coniacian and is in full agreement with the 
nannofossil data. 

The next nannofossil zone (the Reinhardtites 
anlhophorus Zone; CC15) spans the interval from 28.8 to 
57.2 m (95-188.8 fl) in the Smoky Hill type area. This 
z.one is based on lhe FAD of Reinluudtites anthophorus, 



,·-.--~. ,, 
: -~ 

•· 

which has been correlated to the late early Santonuµ1 
(Sissingh, 1977; Perch-Nielsen. 1985). Petch-Nielsen 
(1979, 1985) noted that the FAD of R. anthophorus, 
Lithastrinus grillii. and MicuJa conca,;a were synchronous 
in her sections and suggested the latter two datums as 
alaemate zonal cvenlS for the fust R. anJhopJwrus. In our 
study area. however. these are lhree distinct biostrati-
graphic events. 1be FAD of R. anthophorus (at 28.8 m 
(95 ft]) andL. grillii (at 31.8 m [104.9 ft]) are similar and 
occur significantly before the FAD M. concava (39.5 m 
[130.4 ft)). In the Canadian Allantic margin, Doeven 
(1983) also found that M. concava occurs after R. 
anthophorus. We have ~fore divided CC15, usingR. 
anthophorus to mark lhe 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 Luciarwrhabdus cayeuxii marks lhe top 
of the Reinhard/ires a,uhophorus Zone and the· base of the 
overlying L. cayeuxii Zone (CC16) . . This zone, which is 
dated as late Santonian by Sissingh (1977), comprises the 
interval from 57 .2 to 128.2 m (188.8-423 ft) in lhe western 
Kansas section. In our study, L. cayeuxii first occurs at 
57.2 m (188.8 ft), and is common in some samples. 
Covington (1986) reported that this fossil was too sporadic 
in its occurrence IO be useful as a stratigro.phic marker. 
Perch-Nielsen (1979, 1985) suggeslS that the FAD L. 
cayeuxii coincides with the last occurrence of L. 
seplen.arius (at the base of the L. cayeuxii 7.one). In our 
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study area. L. sep1,marius is p-esent up to 93.3 m (307 .9 
ft). app-oximately 36 m (118.8 ft) abOve lhe base of lhe L. 
cayeuxii Zone. We have designated the stratigraphic 
interval between these two events as an infonnaI subzone 
CC16a. This nannofossil LAD occurs approximately 13 m 
(42.9 ft) below reported occwrenc:es of die ammonite 
CJioscaphileJ ~nniformis (Meet & Hayden) of late 
middle Santonian age. Subz.one CC16b is informally 
designated as that interval from the last L. septenarius to 
the first Calcldites obscJUIIS (base of CCI 7). 

The next younger biohorizon of Sissingh (1977) is the 
FAD of Calculites obscJU'US. Sissingh (1977) correlates 
this biohorizon with the earliest Campanian, although later 
work by Perch-Nielsen {1979, 198S) placed it in the late 
Santonian. This biohorizon occurs ai 128.2 m (423 ft) at 
location 18 in the study area. It is very rare and smaller-in 
size than typical in the, first few mercrs. It becomes a 
common constituent in -CCl8. Covington (1986) rejected 
the use of this biohorizon for the Smoky Hill because its 
occurrence is somewhat sporadic. While it is ttue that it 
does not occur commonly in ·all samples above its first 
stratigraphic appearance. it Is 'J)resent in sufficient abun-
dance so as to be used for biostmtigraphic zonation. 

Perch-Nielsen (1979, 1985) also repom the last 
occurrence of Eprolithusfloialis as a substitute marker 
event for lhe end of the L . .ctJYeu;di.Zone. We found, 
however, that the last occurrence ofE.jloralis is at 49;5 m 
(]63 ft; within theR. anthophorJLrZone; CC15) in the 
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FIGURE I-Distribution of calcareous nannofossil zones. subz.ones, and diagnostic &peeies in lhe Niobrara of the Smoley Hill type 
area, western Kansas. 
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western Kansas section. The remon for this abnonnally 
old local extinction in the Smoky Hill is enigmatic at 
present 

The base of the Campanian in the Smoky Hill of the 
type area is marked by &he FAD of Aspidollthus parcus 
parcus at 157 m (518 ft). This bed, and those in immedi-
ate stratigraphic proximity to iL. lack age-diagnostic 
inacrofossils. The A. p. parcus Zone persists from 157 to 
196.9 m (518-o49.8 ft) in lhe we.stem Kan~ section. The 
evolution of A. pare us c01JSzrictus from A. parcus parcllS, 
by progressive diminution of lhe central area, is preseived 
in the upper Smoky Hill Chalk Member. This evolution-
azy transition, as outlined by Wise (1983) has been used by 
Perch-Nielsen (1985) as a basis f<X subzonal division of 
the A. parcus Zone (CCIB). Because all three subspecies 
are common in west.em Kansas, we use Perch-Nielsen's 
lhree subzones for CC18. 

Sub20ne.CCl8a spans from 157 m to 167 m (518-551 
ft) at localion 20. Another possibly useful event in thls 
subzone is the last occurrence of Helicolitluls irabeculatus 
at 165 m (544.5 ft). Perch-Nielsen (1979) used the first 
occunences of Aspidolithu.s parcus ssp. cf. A. p. 
constricrus and Bukryaster hayi as co-markers for the base 
of CC18b. Bukryas1er hayi does not occur in western 
Kansas, although it is known from correlative Niobrara in 
eastern South Dakota. Aspidolirhus pare us ssp. _cf. A. p. 
conslrictu.s is common beginning at approximately 170 m 
(561 ft) in location 24 in western Kan~. This subzone 

spans from 167 m to 184.9 m (551-610.2 ft). The FAD of 
Aspidolithus parcus constrictus is used as me of lhe co-
markers for the base of CCI 8c by Pach-Nielsen (1979; 
1985). This subzone spans from 184.9 m to 196.9 m 
(6J0.2-649.8 ft) within location 21 in western Kansas. 
The last appearance of Quadnun gartnerii is at 190.9 m 
(630 fl). This last occurrence ts much later lhan generally 
reported. CtratoUthtJides wrbukii, one of Perch-
Nielscn 's subzonal markers fcirCCl8b, is not present in 
western ~. althougJt it is also known from the 

• Niobrara of eastern South Dakota. 
In the Smoky Hill.of the type area, the LAD or 

Marthasterittsfurcatw occurs within 10 m (33 ft) of the 
top of the member, in bed 32, locality 21, of Hallin (1982). 
This event also has been used as a 1.011c by several 
aulhOIS although it may not be a reliable marlcer in 
nonhern latitudes (Perth-Nielsen, 1985). This zone spans 
from 196.9 m (649.8 ft) to the top of the Smoky Hill 
Member. Doeven (1983) reported the successive disap-
pearance ofCorollithion signum and Gtphyrorhabdus 
coronadwmris within CC19. These two species disappear 
after 203.9 m (672.9 ft) and 200.9 m (663 ft), respectively, 
in western Kansas. This also indicates that lhe deposition 
of the Smoky HiU Chalk Member ended within zone CCl 9 
(Early Campanian). Because B. hayi does not occur, it is 
difficult to tell whether deposition ends during CC19a or 
CC19b. 

Paleoecology 
Covington (1985) documented the unusually good 

preservation that is typical of several horizons within lhe 
Smoky Hill Chalk Member of the type area (western 
Kansas). Examination of samples from central Kansas, 
southern and nonheastern Nebraska, and southeastern and 
southwestern South Dakota indicate that such • 
preservational characteristics are widespread within the 
Smoky Ifill. Scanning electron microscopic examinations 
of fracture sections along bedding planes reveal a large 
number of intact or only moderately disturbed 
coccospheres or monospecific clusters of nannofossils. 
Their pristine preservation is indicative of the minimal 
post-depositional disturbance, by either bioturbation or 
bottom currents, that was typical during Smoky Hill 
deposition. Included within the intact coccosphcres of the 
Smoky Hill are numerous examples of the cylindrical 
skeletons of Biscutum n. sp. These unusual structu~s 
prompted Covington (1985) to coin the Lenn 
.. coccocylinders" to describe their uncommon morphol-
ogy. 

The nannofossil assemblages within the Niobrara 
exhibit several notable features which indicate that, despire 
the pelagic nature of the sedimentary environment, the 
surface waters differed in character from those in lhe open 
oceans. One of the most notable features is the relative 
paucity of holococcolilhs (members of the family 

Calyptrosphaeraceae, whose coccoliths are composed of 
loosely packed, minute ( <l µrn), rhombic cryslallites). 
These fonns, including. the biostratlgraphically important 
genera L_ucianorhabdus and Calculiiei, are generally 
associated with deposition in marginal settings (Th.ierstein, 
1976) and/or shallow settings with water depths up IO a 
few hundred meters (Perch-Nielsen, 1985). Although the 
Niobrara palcoenvironment would seem to fit this descrip-
tion, holococcoliths are rarer and more sporadic in • 
occurrence than one would expecL An argument could be 
made that the dissolution-susceptible holococcolilbs w~ 
removed by diagenesis (which is oft.en lhe case in deeper, 
open oceanic sites), but the pristine preservation in many 
Smoky Hill horizons refuteS this hypothesis. It is more 
likely that some ecological factor limited the distribution 
of these forms, although lhe nature of that factor is 
presently unknown. 

Other nannofowls are present in the Niobrara 
assemblages, which suggests that marginal oceanic 
conditions of some type existed in the basin. 
Braarudosphaerids arc fairly common in the Smoky Hill of 
the type area, including well-preserved dodecahedral 
coccospheres (Covington, 1985, Fig. IB). Thierstein 
(1976) has indicated the preference of these forms for 
marginal conditions during the Cretaceous. Unusually 
high abundances of other taxa in certain horit.ons also 



indicate abnonnal surface-water conditions during 
Niobrara deposition. The most striking of th~ are 
.. blooms" of Marthasterites/W'catus. Two distinct bloom 
events have been-observed from the Smoky Hill Chalk 
Member of north-central Kansas and south-central 
Nebraska. A strongly developed abundance event (M: 
fwcatus >35% of the total assemblage) has been observed 
from the lower Smoky Hill of central Colorado. Although 
the high abundances of M. fiircalllS from central Colorado 
may be the result of preferential preservation-during 
diagenesis, lhe pristine preservation in the Kansas and 
Nebraska assemblages indicates that these "blooms" 
cannot be explained by diagenetic processes. At present, 
the biostratigraphic framework for lhe Smoky Hill is too 
poorly documented to ascertain whether these bloom 
events are isochronous between localities, although their 
gross stratigraphic positions indicate approximate 
synchroneity. 

The occurrence ofSeribiscutum primitivum within the 
Smoky Hill Chalk Member suggests thauhe Niobrara 
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Seaway had a lnle oceanic link with the boreaJ. seas. The 
restriction of this species to bmeal and austral realms has 
been noted by several authors including Thierslein (1976), 
Roth and Bowdler(l98l)and Wise (1983). ltsdistn'bu• 
tion within the Smoky Hill is not fully documented 
although it appears IO be restricted IO the upper SmOky 
Hill in the type area. 

Studies suggest that there is relatively liale endemism 
among the calcareous nannofossils of the N'JObrara. 
Covington (1986) identified and described two new 
genera. three new. species, and two new subspedcs from 
the Smoky Hill, although they have not yet been validly 
published. Two additional taxa unique to the upper 
Smoky Hill have ~n identified (Watkins, unpublished 
data). The small degree of endemism in the Western 
Interior nannofossil assemblages is in stark con~t to the 
high degree of endemism recogniud in the invertebrate 
macrofossil assemblages. 

Conclusions 
Biostratigraphic investigation of the Niobrara in 

western Kansas indicates the presence of seven standard 
zones. Use of auxiliary marker taxa allow a greater 
degree of stratigraphic resolution. Some of the marker 
species are rarer than usual and the reported range of at 
least one marker species (Eproli1husfloraiis) is signifi• 
cantly shoner than observed elsewhere. These difficulties 
do not seem to arise from preservational bias, as many 
horizons within the Niobrara exhibit pristine nannofossils. 
On the contrary, the peculiar nature of some Niobrara 

assemblages seems to be controlled by paleoecologic 
factors. It appears that the surface-water mass in the 
Niobrara Sea was atypica1 for the "nonnal" Late Cre&a-
ceous ocean. These conditions may be the same which 
excluded ammonites in central Kansas through most of the 
Niobrara deposition. There are suggestions of oceanic 
communication with the boreal realm during deposition of 
the upper Smoky Hill. In addition, there are some indica-
tions of minor floral endemism during the latter pan of the 
Niobrara cycle. 
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Abstract 

Af:tl;f more than a century of exploration, the only definitive statements concerning the distribution of 
vertebra.le species in the Niobrara Fonnation pawn 10 perhaps six mo1asaur species, four species of 
ProtosphyrtJnllJ., and the shark genus Ptycliodus. The Smoky Hill Chalk Member accumulated over m 
imcrval of five million years and can be separated inlO at leuI six distincI ve:tebrate faunal. zones ·of 
unequal duraticm.. Some veriebrate tax.a are represented on1y.in single-zones. At lust 30 fish species are 
restricted 10 only a part of lhe Smoky Hill Chalk. u arc many r.etrapod species. Some dislributional. 
changes appear 10 be the resuh of deepening Wllel'. some fTom cooling, some &om apparent anagenetic 
evolution, and IOllle apparently are due 10 extinction.· Many vertebrate species·show no detectable change 
throughout Smoky Hill Chalk deposition. 

Introduction 
. The history of the stratigraphic· nomenclawre of the 

Niobrara Fonnation in Kansas has been adequately 
reviewed by Hallin (1982). One of the earliest approaches 
.to internal stratigraphy of the Smoky HiUChalk 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 
slJ'atigraphic division. However, it-is still adhered to by 
newcomers to lhe Niobrara Chalk. It was Williston (1893) 
who first recorded that Volvicerarrms ("Haploscapha") is 
abundant in lhe lower Niobrara, but that P/atyceramus 
("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 P/arecarpus) are found throughout the 
member, but that Clidastes is only found in the upper 
chalk. Furthennore, he believed that Uiruacrinus was 
found in only one hori:ron near lhe middle of the member 
(Williston, 1893). Five yean later, he said, "Several 
species of Incx:eramus are apparently found in all horizons, 
but the Haploscap~ are abundant only in the lower 
horizons, and 1 never have found H. grandis or those allied 
to that species in the upper horizons. On the Smoky Hill 
River near the mourh of the Hackberry there are places 
where these shells can be gathered by the wagon load, • 
often distorted, but not rarely in extraordinary perfection. 
A very thin shelled Inoceramid measuring in the largest 
specimens forty four by fony six or eight inches is not rare 
over a large pan of the exposures" (Williston, I 897. p. 
241}. Logan (1897) clearly used the leJ11l "Pleranodon 
beds" to mean the Smoky Hill Chalk Member. Williston 
(1897) recognized the same usage of Pterarwdon beds and 
subdivided them into lhe Rudis1es and the Hesperornis 

beds. He also Slated ~t the boundary between Rudistes 
and Hesperornis beds can be traced from east of Monu-
ment Rocks IO the Saline River north of Wakeeney to the 
south fork of the Solomon River near Lenora. He was 
apparently refemng to the sequence including and 
immediately below the middJe caprock, Marker Unit 10 of 
Hattin (1982). 

Lamenting the typically poor stratigraphic data that 
accompanied Niobrara vertebrate fossils. Williston (1897) 
said, "I need not call the auention of future collectors to 
the importance _of locating the horizon of specimens more 
accurately dum has been before... It is unfonunate that this 
plea has gone largely unheeded until recently. 

Bass (1926) utilized bentonite sequences and resistant 
le.dges for correlations within a limited section near the 
base of the Smoky Hill Chalk in Ellis County. Russell 
(1929) detailed a sequence of 86 benlOnites throughout 
much of lhe Smoky Hill Chalk Member. but excluded 
lhree sections comprising about 250 ft (75 m). He also 
proposed a four-pan lithoslratigraphic division of the 
Smoky Hill Chalk Member. Elias (1931) examined the 
stratigraphic schemes of Williston (1897) and Russell 
(1929), and concluded that the Ru.distes beds of the former 
correspond to subdivisions I and II of the latter, and that 
the Hesperornis beds correspond to subdivisons m and IV. 

The next paleontologist to take up the question of 
Niobrara venebra1e biostratigraphy added the observation 
that Protosphyraena is more common in, or restricted to, 
the lower Smoky Hill Chalk (Bardack, 1965). 

Russell (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 chalk, and Clidastes 
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liodontus, Platecarpus coryphuus, and TylosallTUS 
upaeolica in the lower chalk. Miller (1968) discussed 
earlier uses oflithology and benronite r.quences for 
correlating exposures of lhe Smoky Hill Chalk and 
concluded dw this method of correlation would be of litde 
use in Che upper pan of me member. He also conceived a 
division of the Smoky Hill Chalk into six biostraligraphic 
zones (Miller, 1968). These were based on mvcnc:brate 
species. 

Russell (1970) note.d that. because the mosasaur fauna 
of the contemporaneous Mooreville Member of the Selma· 
Chalk was dominated by Clidas~s. the relative rarity of 
Clidastes in the Niobrara Chalk was because of more 
boreaJ influences lhere. Russell {1975) stated that most of 
the vertebrate fossils from Che Niobrara Chalk were from 
the upper horiz.ons and considered those fossils to be of 
early Campanian age. Stewart (1979) proposed that lhere 
are different stratigraphic ranges of the four species of . 
Protosphyrcuna within the Smoky Hill Chalk. 

The first real altempt at a thorough lithostratigraphy 
and invertebrate biostratigraphy oflhe Smoky Hill Chalk 

was &hat of Battin (1982). In this work he genaated a 
composite m~ured section for lhe entire member, 
designated 23 lilhologic marker units in that member, and 
gave stradgraphic ranges for invertelnte species. 

SteWart(1988) documenred the distribution of four 
Protosph.,,.aena species proposed earlier (Stewart, 1979)~ 
and compared those with ranges of those spe.cies in 
Mississippi. and Alabama sediments. 'Ibis was the first 
mapping of ven.ebrate-fossil occurrences in the Smoky 
Hill Chalk. The last 15 years have .seeit a resurgence of 
interest in Nloban slndigmphy, and probably as many or 
more advances have been made in lhat period as in lhe 
previous cenwry. This fmmeworlc is submitted in lhe 
hopes that other researchers will test it and improve upon 
it. It is unfonunate that newly curated material from the 
Yale Peabody Museum collection of Niobrara vertebrates 
is not incorporated into this work. It is apparent that 
Mmh's collectors kept fairly accurate field notes, at least 
in the early years. 

Invalid records 
Cope (1875, p. 297) listed Lamna macrorhiza .sp. nov. 

from "Ellis County, Niobrara Epoch." However, the 
caption of figures 9 and 10 of his Pl. 42 indicate the 
locality is Rooks County. Ellis and Rooks counties are 
adjacent. These specimens·could be reworked from the 
Codell Sandstone Member into the basaJ Fort Hays 
Limestone Member, since a similar species occurs there, 
and that llllit is exposed in of those counties. In fact, 
the .type section is on· the common border of those two 
counties. Meyer (1974) cons\dered lhe aaxon represented 
in Cope's figures 9 and 10 of Pl. 42 as being synonymous 
with upcosryrax macrorhiza (Pictet and campiche, 1858). 
If this is the case, it would be from strata of AJbian age, 
and the Codell Sandstone Member is of Turonian age. 
There is a Leptostyrax spedes (referred to· Plicatolamna 
by some authors) in the Codell SandslOne Member. This 
is up1osryro:x crassidens. Its toeth are not so laterally 
compressed as those illustrated by Marsh. Herman (1975) 
recogn.iz.ed Cape's material as the type series of 
Plicatolamna macrorhiza (Cope, 1875), but considered 
Lamna macrorhiza Pictet and Campiche; 1958 to be a 
separate species which he ~igned to the genus 
Paraisurus. Whatever !he correct assignmentofCope's 
material, the specimens are almost C.ettainly not from lhe 
Niobrara Chalk Fonnation. 

Henn an (1975, p. 64) indicated that Prychodus 
whipplei occurs in the Niobrara Fonnadon of Kansas. 

This conception probably stemS from the claim of Cope 
( 1875) that it is found in lhe Niobrara Foonation along the 
Arkansas River. WillislOn (1900a, 1900b) was correct lO 
conclude that any Kansu PtychodU& whipplei records from 
the Arkansas River area in Kansas must be from the 
"BenlOn Fonnation" (now the Graneros Shale, Greenhorn 
Limes10ne, and Carlile Shale formations). Ptychodus 
whipplei does occur in the Fairport Chalk Membet of lhe 
Carlile Shale Formation (Martin and Stewart, 1977) and 
the Codell Sandstone Member of the same famation. It is 
possible that specimens from the Codell Sandstone 
Memba may be reworked into the basal Fon Hays 
Limestone Member. Russell (1988) lissed P. occidentalis 

• from the Niobrara Fonn;won. The only Kansas specimens 
of this species listed by Williston (19()()a, i900b) came 
from the Graneros Shale (Ccnomanian). 

Applegate (1970) and Russell (1988) mention 
Psewiocorax affinis from the Smoky Hill Chalk. Both 
records are somewhat in error. As Meyer (1974) noted, 
the Coniacian through lower Maestrichtian specimens of 
Pseudocorax in lhe Gulf area are of teeth lacking serra• 
tions. Teeth of PseudocortU ajfinis (Agassiz, 1843), the 
type species of the genus. are consistently serrated. 
Pseudocorax laevis Leriche, 1906 is the name that should 
be applied IO the earlier, smaller, and wiserrated teeth 
(Herman, 1975) such as those from the Smoky Hill Chalk 
Member. 
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Valid records 

Fort Hays Limestone Member 
Vertebraac fossils are rare in the Fort Hays Limestone 

Member, Williston (1897. p. 237) mentioned a Jewell 
Cowity plesiosaur. This is-the holotype of an 
clasmosaurid, Thalassonomosallrus nobills (originally 
Elasmosaurus nobiJis), numbel 1640 in the Yale Peabody 
Museum collection (Williston, 1906). I witmssed Ricllard 
Zakrzewski collect a tooth of Pryclwdus mortoni near the 
middle of the member. I have noted a sb8Ik vertebra in lhe 
lower pan. Frey (1972) mentioned that shark teeth are rare 
in the Fort Hays Limestone Member, except in lhe basal 
bed. The scouring of the Carlile-Shale at the Niomara/ 
Carlile contact (Frey. 1972) suggests lhat lhe teeth in the 
basal bed may be reworked from the Codell Sandstone 
Member. Frey (1972) illustrated Squalicorax. 

Creto_xyrhina, and CretolalMa teeth from lhe Fort Hays 
Limestone. He also stated that SqutJlicorQ is lhe most 
common shaJk lroth in the member. Frey (1972) indicated 
thal. unlike the shark tcelh, isolated teJeost scales occur in 
all pans of the Fort Hays Limestone Member. · The type 
desaiption of Micropycnod1m kansasensis lists the 
holotype as coming from 1 mi (1.6 Jan) west of the town 
of Webster in Rooks County (Hll>bard and Gtafham, 
1941). 'Ihat IOWD site is now beneath Webster Reservoir. 
If the type locality is lruly due west of that she, il also is 
underwater. Assuming the acc~y of this description, 
we may conclude dlatthc specimen is from the Fort Hays 
UmesU>ne Member. Howcvcr;exposures o( the Smoky 
Hill Chalk Member also occur nearby. 

Smoky Hill Chalk Member 

There is a long-standing misconception that few 
vertebrate fossils are found in the lower parts of the 
Smoky Hill Chalk.Member (Williston, 1893~ -Russell. 
J 975). The articulated skeletons of Niobrara vertebrates 
typically come from the upper pan of the member, but 
vertebrate fossils occur from the base of the Smoky Hill 
Chalk Member upwards, and almost any substantial 
exposw-e will yield some identifiable venebrate remains 
(Stewart. 1988). 

Zo.NE OF PROTOSPHYRAEHA PERNICOSA-The zone of 
Protosphyraena pernicosa includes Marke:-Units 1, 2,.and 
probably 3 of Hattin (1982). Volviceramus grondis is the 
dominant inoceramid in this zone and extends into the 
overlying zone of Spinap,ychus n. sp. Tusoteuthis longa is 
a common fossil in the zone of P. pernicosa and can be 
found throughout the Smoky Hill Chalk Member. This 
2.one is of late Coniacian age. 

Many vertebrate ge~era and some species that occur 
in the lowest pan of the Smoky Hill Chalk Member also 
have a record in older Kansas rocks. Among the sharks, 
P,ychodus a,wnymous and PtychodJis martini are known 
. from the Greenhorn and Carlile fonnations, but Ptychodus 
mortoni has no pre-Niobrara re.cord in the Western 
Interior. · SqualicoraJC falcatus and Scapanorhynchus 
rhaphi.odon likewise occur in those two fonnations. Teeth 
of Cretoxyrhina mantelli show a rather gradual size • 
increase ft:om the_Graneros Shale to lhe 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 Gnmero.s Shale in 
Kansas. Most Niobrara records of Pseudocorax laevis 
wilh adequate locality data known to me are from the zone 
of Protosphyraena pernicosa. Several aclinopterygians of 

••holostean" grade occur in lhe lower parts of the Smoky 
-Hill Chalk Member. MicropycM<kln kansasensis 
(Hibbard and Grafham, 194.1) has no pre-Niobrara rccorci-
and may be limited to this horimn, but also may be found 
in the Fort Hays Limestone Member (see above). 
Protosphyriuna is known from pre-Niobrara homons, but 
there is no record of P. pernicosa or P. nitida. Much 
North American Protosplryr~na taxonomy is based on 
pectoral fin mmphology, but there are no pre.Niobrara fin 
ffl:Ofds in Nonh America. Stewart (1979, 1988) suggested 
that Protosphyraena niJituJ does not occur as low as • 
Protosphyraena pernicosa in lhe lower pan 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 lowest 
Smoky Hill Chalk Member fauna. 1, does. however, 
continue into the zone of SpiMptychus. n. sp., whereas P. 
pernicosa does not; Bewnostof(UIS specimens are known 
only from the zone of Volviceramus grandis, which . 
encom~ses the zones of P. ptrnicosa and Spinaptychus 
n. sp. (Schultze and S&ewart, ms). . 

• Paraliodesmus guadagnii occurs in shells of 
Volviceramll.S grandis and perhaps PlatyieramltU platinus 
s.L in dtis zone (sec Stewart, this volume). The only 
Lepisostew specimen from the Smoky Hill Chalk Member 
is-the oldest North American record of a lepisosteid (Wiley 
and Stewart, 1977). bepisostcids apparendy continued in 
near.shore and fresbwara environments up to lbe present, 
but this is the only known record of this primitive and 
unnamed species. 

Xiphaczinus aJldax, I chlhyodectes ctenodon, GillicMS 
arcuatus, Apsopelix. anglicus, Pachyrhizodus caninus, and 
P. minimus have earlier records in Kansas and continue 
beyond the Niobrara Chalk. I cannot detect any definite 
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morphological changes in Chese taxa throughout their 
stratigraphic ranges. They are known from all following 
fauna! units unless odterwise indicated: Saurodbn ltaniu 
first appears in in Chis horizon and apparently 
persists throughout Smoky Hill Chalk Member deposition. 
All known records of Bananogmius zilteli in Kan~ seem 
to be-from this zone. Martinichthys occurs here, but seems 
to rcrminate just below the wne of Spinaptychus n. sp. 

Cimolich1hyr nepaholica is well known from this 
horizon. and there are no documented earlitt recads in 
North America. This species contin~ into the Pierre 
Shale. Enchodus gladiolus is the most common Enchodus 
species in this horizon, but E. perrosus also is presenL 
Both continue into the Pierre Shale. Two specimens of an 
unnamed hotocentrid (one was described by Barnacle, 
1976) have been.found in inoceramids in this faunal uniL 

This horizon produces the oldest records of 
Chtlosphargis advena. Likewise, the first records of 
ToXtJchelys laiirtmis occur here, but continue through the 
Sharon Springs Shale Member of the Pie.ire Shale. The 
specimens from the two fonnalions have often been 
referre.d to different species, but Chey are conspecific 
according to Nicholls (1988). 

Plazecarpus occurs very early in the zone of 
• Protosphyraena pernicosa. I find the distinction between 

Platecarpus ictericu.s and P. coryphaeus questionable. • 
Pla1tcarpus ictericus is the older name. Platecarpus 
ictericus continues through Niobrara deposition into the 
Pierre Shale. Two ty1osaurlne mosasaws have been found 
in this horizon, Tylosaurus nepaeoUcus and Tylosaurus n. 

• sp. Russell (1967b} stated that he believed that T. 
ntpaeolicus was limited to the lower horizon of the Smoky 
Hill Chalk Member, but that T. proriger was found in the 
upper part. Stewart (1988) implied that some evidence 
contradicted this hypothesis. It now appears -that the 
supposedly contradictory specimens of T. proriger are 
actually an llndescribed ~ies. 

The only plesiosaur remains I have seen from lhe zone 
of Protosphyr'atna pern.icosa are very rare propodials of 
juveniles. There are no pre-Niobrara pterosaurs in Kansas, 
and 1 know of no definite records in the lower pan of lhe 
zone of Volviceramus grandis. The first definite records 
of which J am aware are in the upper part of V. grandis not 
far below the zone of Spinaptychus n. sp. No 
hesperomithifonns occur in the Smoky Hill below Marker 
Unit 11 of Hattin (1982). Contrary to several sources, 
there are no Coniacian h~ithids yet known in North 
America. /chthyornis makes its fust known appearance in 
Kansas at the Grcenho~arlile contact (Walker, 1967; 
Manin .and Stewart, 1982). It was probably a rare member 
of the Smoky Hill Chalk Member fauna from the start. At 
least one specimen (KUVP 21502) is known from the zone 
of Volviceramus grandis. 

ZoNE oF SPJNAP71'CHus N. sP.-This zone includes 
Marker Units 4 and 5 of Hattin (1982). This zone pro-
duces many specimens of Dw-ania maxima and 
Tusoteuthis longa. Volviceramus grandis is the dominant 

inocm.mid The zone is of late Coniacian age. 
Spiml coprolites, argued to be entcrnspirae by Stewart 

(1978), occur in this horizon. McAlliscer (1985) has 
conclusively demonstrated that such Sb'Uetures can be 
found in she colon of dissected Scyliorhinus canicwa. 
Presumably, lhey can also be expelled imact from the 
rectum. Their presence in lhis horizon and absence in 
olher hori7.oos of lhe Smoky Hill Chalk Member implies 
the presence of some heretofore unde~ted shark raxon in 
this ume. Other types of coprQlites occur in all horimns 
of the Smoky Hill Chalk Membez. The last awearance of 
Ptychodus anonymous may be in this zone. although 
locality data are not sufficient to prove that they did not 
become extinct in lhe i.one of Protosphyr~na per,ucosa. 
Pseudocora;c laevis, although rare, is present in dlis zone. 
Protosphyraena nbida makes its last appearance in the 
Western lnteii<X" .in this zone .(Stewart. 1988). This zone 
produces the lowest records of Prozosphyraena ttnuis and 
P. gladius. 

·.Inexact locality data prevent us from knowing for 
certain whether the holotypes of Niobrara encarsia and 
Luxilites striolatus come from this zone or the zone of 
Protosphyraena pernicosa . 

.. Enchodus. dirus is a relatively rare species in the 
Smoky Hill Chalk, and the earliest demonstrable records 
are from this uniL It apparently continues ro lhe IOP of the 
formation. S'1ra1odus apicalis occurs in lhis horizon and 
might be found ,in earlier horizons. lt contin\JCS into the 
Pierre Shale. 

Plermiodon is abundant in this horizon, but the lack of 
well-preserved skulls from &his zone prevent us from 
telling what species is present. lclllh'yornis cf. I. Ol&Ctps 
occurs in this zone, as does a smaller species of lchthYor-
nis. 

2.oN£ OF Cl.wocPMNUS UNDUIA,TOl'UC.UUS--
Cfadoceramus undulatoplicalus is the dominant 
inoceramid in this zone. This zone is of early Santonian 
age. Hatt.in (1982, p. 22) indicated that.the uppermost 
occurrence of C. ,uululatoplicatus was unit 11 of his 
measured section of his locality. I 9. I have collected a 
V(';t'f large specimen of C. 1/!Ubdatoplicatus somewhat 
hlgher in lhat section in unit 17. • A phenomenon I have not 
seen note.d in the literature of the Kansas Niobrara Chalk is 
the upward crend toward thicker (and presumably larger) 
shells in C. undldatoplica1us. Sco11 and Cobban (1964) 
mentioned that a specimen of C. wtdulatoplicalus from the 
top of its range in the Smoky Hill Shale near Pueblo, 
Colorado, was unusually large and rather smooth. 
Clodoceramus undulatoplicatus is particularly useful for 
inter-regional and iniercontinentaJ corrcwions. It occurs 
in the middle shale unit of the Smoky Hill Shale Member 
of the Niobrara Formation of the Pueblo Basin in Colorado 
(Scou and Cobban, 1964), the Vinson Chalk of the Austin 
Group of Texas (Young, 1985); and the English Chalk 
(Cleevely and Morris, 1987). 

The zone of C. wubda1oplica1us is not well collected 
for veitebrates. One assumes continuity of species found 



below and above (Pseudocorax laevis, Paraliodesmus 
gl4Qdagnii, Protosphyraena gladius, Enc}l{)dus pezrosus). 
Applegate (1970) regarded Pach'yrhizodus leptopsis as a 
.synonym of P. caninus. Pachyrhizodus lep1opsis, how-
ever, is a valid species (Hay, 1903; Stewan and Bell, 
1989). Its lowest documented occurrence in the West.em 
Interior js in this zone. 

ZoNE OF CUOSCA1HITES VE»tllFOltMIS AND C. 
CHon:AUENSls-This zone conwns Marker Units 8 through 
10 of Hauin (1982). Ii .is of Upper Santonian age. One 
thick and easily Jocaie(J lilhologic unit. unit 17 oflocality 
19, of Hattin (1982) does not fit conveniently into either · 
lhe zone of Cladoceramus undulatoplicaoo or the zone of 
Clioscaphitts venniformis and C. cho,eauensis. Neitht:t 
Cladoceranuu nor Clioscaphites bas been recorded there. 
Since.it produces very little in lhe way of vertebrate or 
invertebrate macrofossils, this is not a major problem. 
Willis10n (1897) apparently used the caproct (Marker Unit 
10, of Battin, 1982) to mark the boundary between his 
R udistts and Hesperornis beds. It is not clear to which of 
these Williston intend~ to assign this caprock. As used 
here, the caprock lies at the top of lhe zone of C. 
vtrmiformis and C. chottauensis. Unit 20 of loca1ity 19 of 
Hattin (1982) lies at the bottom. Uinu1crinus socia/is 
occurs in this zone (as low Marker Unit 9 of Hattin, 
1982; Hallin, personal communication, 1987). 

This zone contains the last records of Ptyclwdu.s 
mortoni in the mi<kontinent (Stewart, 1988) and lhe last 
records of Pseudocorax laevis in lhe midcontinenL 
Sqwlicorax specimens from this zone are already distin-
guishable from samples of SquaUcoraxfalcatus from low 
in the Smoky Hill Chalk. 

There is a small pycnodont in this.zone. It is not 
Micropycnodon and is probably notHadrodu.s. 
Paraliodesmus guadagnii makes its last known appearance 
in lhis zone. 

Contrary to Wiley and Stewart (1981), there are no 
definite records of Bananogmius evolutus known from 
below the caprock. There is, however, some other 
plelhodid species in this zone. Laminospondylus occurs in 
(Jlis._ZQoe .. It has an.earlier record in Texas, but not in 
Kansas. The earliest occurrence of Apateodus in the 
Niobrara Chalk is from lhis horizon, based on the n,collec-
tion of Mike Everhart (personal communication, 1990). 
Numerous Enclwdus shumardi specimens have been found 
in Ibis zone . . It.is unknown from earlier horizons. 

AH Urenchelys abditus, Caproberyx, 
Trachicluhyoitks, and holocentrid alpha have been found 
only within specimens of Platyceramu.s plarinus-wilhin a 
12-m (40-fl) stratum ne.ar the base of this zone (Stewart, 
this volume}. 

. Omosorria garretri and the sole occurrence of Kansius 
sternbergi are reported from exposures that contain this 
zone, but they probably come from the rone Spinaptychus 
srernbergi which is exposed in the upper parl<l of that 
locality. 
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ZoN! OF Sl'INltnYCHVs rrPNBEllGI-AU records of 
Spinaptycluu lltrnbergi come from above Mam:,-Unit IO 
(Stcwan, ms.). One aile in dlis horizon produced a rather 
ornate type of 'Zeugmatoltpas. The range of 
'Zeugmalolepas as noted by Battin (l 982) did not extend 
above Marker Unit 10. Most Niobrara specimens· 
Uintacrillw 1ocialis seem IO come from zone. 
Uintacrinus socialis ot COD$iderable importance for 
ettrelations. It is also fflXlrded in Uinta basin of Utah, 
England, Wesq,halia, and Australia. This 7.0De produced 
lhe wt record of Laminospondylus in the Smoky Hill 
Chalk Membr.r. The earliest occmrcnce of Bananogmius 
evo/Ktiu seems to be in this but it continues into the 
Pierre Shale. Jc appears that all known upUcodon rectus 
and Omosoma garretti occur within Platy~ranws platinus 
vaJves in dus zone (Stewart, this volume). The syntypic 
and only known series of Kansius ~rnbergi seems to 
come from this zone. It is also possible lhat it came from 
. the zone below. this. The earliest record of Tywsaurus 
prorigtr I can document is from this horizon. It may 
occur earlier in the Niobrara Cha1k. Pata~sptronis alexi 
seems to be limited to this zone. These represent the 
earliest hcspermtlthif orms in sedim~ns of the Niobrara 
Cyclothem. 

UPPERMOST SMOC Hn.t. CHAut MEMIIER-ZoNE OP 
HESPE.RORNis-1 have examined the holotype of Calantica 

• (Tilanolepas) 1n1Jrtini; the matrix is hard and red. The 
specimen is attached to a mold of a Baculites. A specimen 
of Stramentum haworthi is auached to" lhe same Baculites 
mold. 'It may be from Maricer Unit 21, whi~ Hallin 
{1982) described as containing a reddish-weathering 
portion and producing a smooth species of BacuUtts. 
However, examination of the holotype leads me to believe 
that Calantica martini is a species of 'Zeugmatolepas. 

Rhinobatos incert,u is known from a horizon that 
appears to be near the N"IObrara/Pielre contact, but faulting 
in that region complicates the problem. This 7.0ne pro-

.duoes the last~ of Cretoxyrhina mantelli in the 
midcontinenL It is noi known IO occur in approximately 
Che upper 40 ft (12 m) of the Smoky Hill Chalk Member 
(J. Bussen; personal-communication. 1990). S-qualicorax 
cf. S. kaupi from this zone is distinguishable from 
Squalicorax in ione of Clioscaphitts. The only known 
specimen of Hadrodus marshi is probably from this zone. 
Protosphyraena temus makes its wt appearance in this 
zone. The earl.iest definite records of SaurocephalllS in 
Kansas are from this zone. "SQIITodon" pygmaeus 
cenainly occurs in this zone. as does Bananogmw 
/avirosrris. It may be that any or all of these three r.arst 
occur in the zone of Spinaprychus sttrnbergi, but locality 
data are ineucL All three continue into the Pierre Shale . 

Protostega is in th.is zone but cannot.definitely 
be ruJed 0111 from being in the underlying wne. Probably 
all Niobrara 0181k specimens of Hesperornis,Baptornis, 
and A.patornis come from &his zone. 
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Taxonomic review 
'Pr'iatODO!fflDS--Ptychodus aMnymous has a pre-

Niobrara record and exists in the Smoky Hill Chalk 
Member lhrough lhe zone of Protosplryr<Una pernicosa, 
and possibly into tbe zone of Spillaptycluu n. sp. 
Ptychcdus martini i.s only known from the 7.0ne of 
Protosphyraena pernicosa. PtycitodllS mJ)Tloni bas no pre-
Niobrara record in Kmsas.and survives nearly up lO 
Marker Unit 10 in the zone of Clioscaphites chowJuensis. 
It survives lattt in the southern United States (Stewart. 
1988). 

0ooNTASP1DS-There are a few published accounts of 
pre-Niobrara Scapanorhynchus teeth in Kansas. Within 
the Smoky Hill Chalk Member, it appears to be relegated 
to the zone o( Pro,osphyraena pernicosa. An undeter-
mined species of OdonJaspls also occurs within this zone. 

ANAcoRACD?5-Squalicoraxfalcatus has a well-
substantiated pre-Niobrara record in Kansas and is found 
in all lower horizons of the lower Smoky Hill Chalk 
Member. It grades upward chrough the overlying Smoky 
Hill Chalk into Squalicorax lcaupi. The differences 
between the various temporal morphs are particularly 
evident in larger teeth from each horizon. Pseudocorax 
laevis has not been published from any p~Niobrara 
sediment in Kansas. It ranges from the zone of 
Volviceramus grandis to the zone of Clioscaphites 
vermifonnii and C. choteauensis in the Smoky Hill Chalk 
Member. 

CR!:roXYRHINIDs--Cretolamna appendiculata has a 
subscantial pre-Niobrara record in.Kansas. It apparently 
continues throughout the Smoky Hill Chalk Member and 
into the Pierre Shale. Cretoxyrhina man1elli likewise is 
well known in pre-Niobrara rocks in Kansas and continues 
throughout most of the Smoky Hill Chalk Member. 
However, it may be absent from the upper few feet of the 
Smoky Hill Chalk Member. and has never been found in 
the Pierre Shale. It survived somewhat longer along the 
Gulf Coast. ' · • 

R.HrNoBATIDS-Rhinobatos has only a limited known 
Niobrara occurrence high in the zone of Hesperornis. 

l.mSOSTEIDS-There is a single known occurrence of 
Lepisosteu.s in lhe Niobrara Fonnation, specifically from 
the zone of Protosphyraena pernicosa (Wiley .and Stewart. 
1977). This is the oldest substantiated recoid of a 
ginglymode in North America 

PYCNoDONTIDs-All Smoky Hill Chalk Member 
specimens of MicropycNJd.on known to me are from the 
zone of Protosphyraena pernicosa. The single published 
record of Hadrodus marshi is probably from the zone of 
Hesperornis. Within lhe i.one of Clioscaphites 
vermiformis and C. choteauensis is an undetennined 
pycnodont that is not MicropycN>don and is probably not 
Hadrodus. 

AMJ.~araliodmrws is well known from the zone 
of Protosphyr<Una pernjcosa and the zone of 
CUoscaphites vmnifonnis and C. choteauensis. Whether 
it wu continuously presmt in Kansu during the interven• 
ing intezval. is not known. 

PAC11Ycoavms-Protosphyr<Utta llitida and 
Protosph~na pernicosa are lhe only pachycmnids 
known from the wne of 1'. pernicosa. Prozosplryraena 
tenllis, P. tladiu.s, and P. nidda coexisted during the zone 
of Spillaptychu.s n. sp. Protosphyruna telUlis is the only 
pachyconnid known from the zone of CladDc~ramus 
IUI/Watoplicazus. It is likely thatP. gladil!,S will be found 
there in the future, because both species _occur below and 
co-occur from the zones-of Clioscaphites vermiformis and 
C. chcteauensis to the rop of the Smoky Hill Chalk 
Member. Only P. gladius is known from thePiene Shale. 

Asl'a>oRHYNam>selonostomus caiainly occurs 
within the zone of Protosphyraena pernicosa, and perhaps 
somewhat later during Niobrara deposition. 

ICH111Yor>F.C1TD~iphacrinu.s, I cluh'Y(}dectes, and 
Gillicus have pre-Niobrara records and are present from 
the beginning of Smoky Hill Chalk Member deposition 
into the Sharon Springs Shale Member (Martin and 
Stewan, 1982). 

SAUR~Therc are no p-e-Niobrara records 
of saurocephalids in North America, but Saurodcn is 
present throughout Smoky Hill Chalk Member deposition 
and into the Pierre Shale. The first definite records of 
Saurocephalus in the Smoky Hill Chaik Member are from 
the zone of Hesperornis, as is the first record of an 
unnamed genus represented by .. Saurodon" pygmaeus. 
Both of these occur in the Sharon Springs Shale Member. 

PI.Emonms-Of che three recognized species of 
B,ananogmius in.the Smoky,ffillChalk Member,B. zitteli 
seems to be present in the zone of Protosphyraena 
pernicosa but may not OCCID' any higher. BantUWgmius 
evolutus is unknown below .thezone of Spillaptyclws 
sternbergi, but continues into lhe Sharon Springs Shale 
Member. The QU'liest definite records of B.favirostris is 
from the zone of Hesperornis. Very little can be said or 
the ranges of Luxilites sirlolatus and Ni.obrara encarsia, 
each known from a single specimen. However-, it is 
probable thal they come from either the upper part of the 
zone of ProtosphyraentJ pernicosa, or else from the zone 
of Spinapytcluu n. sp. I cannot assign the holotype of 
ZancUtes unurus to any def'mite stratigraphic interval. 
There is no consensus on how many species of 
Martinichthys are valid, and there is little stratigraphic data 
for many of the primary types. However, M. ziphcides, M. 
inlermedisu, and M. alternatus seem to come from the 
uppermost levels of the zone of Pro1osphyraena 
pernicosa. It is probable that all species of Martinichthys 



come from this interval, although it is p0SS1l>le that some 
may extend into the zone of Spinaptycluu n. sp. 

PACH'YRHl7.0DONTI--0f the three pachyrhiwdontid 
species in the Niobrara Chalk, P. minimus and P. caninus 
have both p-e- and post-Niobrara records. 
"Pachyrhizodus .. leptopsiJ is known from the zone of 
Cladocerarrws un.dulatoplicatus aud the wne of 
Clioscaphi~s vermiformis and C. cho~n.sis. it 
continues into the Moaeville Chalk (Campanian) of the 
Gulf Coast (Stewart and Bell, 1989). 

URENan. YJOs-All known specimens of Urenchtlys 
abditus are from the zone of Clioscaphites vermiformis 
and C. choteauensis. Other species have earlier records in 
the Old World, but none occurs later. 

C1Mouammos--Cimolichzhys nepaholica is the only 
cimolichthyid from the Smoky Hill Chalk Member; it has 
no pre-Niobrara record but extends from the base of the 
Smoky Hill_ Chalk Member into the Sharon Springs Shale 
Member. 

'E.NCHoooNTIDs--Enchodus·petrosus and Enciwdus 
gladiolus apparently extend from the base of the Smoky 
Hill Chalk Member into the Sharon Springs Shale Member 
(Goody, 1976), Enchodus dir.us-extend.drom the zone of 
Cladoceramu.s undulatoplicatus to the top of the Smoky 
Hill Chalk Member. I cannot verify the presence of 
Enc.hodus shumardi below the zone of Clioscaphites 
vermiformis and C. cho1eauensis, and it appears to 
continue lO the top of the S~olcy Hill Chalk Member. 

OERCE11Ds-Straiodus apicalis apparently occurs from 
the zone of Spinaptychus n. sp. into the Piene Shale. It is 
possible that records from earlier horizons will be found. 
Leptecodon reclus, which may not be a dercetid, occurs 
within the valves of Plarycera"WS pladnus in the wrie.of 
Spinaprychus sternbergi. • 

Al'AttoDus-The earliest reliable record of Apateodus 
in North America is in the zone of Clioscaphites 
vermiformis and C. choteauensis. It continues into the 
Pierre Shale. This genus is generally regarded as incertae 
sedis within the aleposauroids. 

FERRIFRONs-The holotype of Ferrifrons rugosus is a 
composite specimen (Chern, 1979; Schultze et al., 1982). 
There is no available family to contain this genus. 

PoLYMIXJIDs-The only Niobrara polymixiid is 
Omosoma garretti. It is found within valves of 
Platyceramusplalinus in the z.one of Spinaptychus 
sternbergi. 

Hou:x:ENTJUDs-An unnamed genus of holocentrid 
occurs within the zone of Protosphyraena pernicosa. 
Trachichlhyoifks, Caprobery:%, and two unnamed genera 
occur within valves of Platyceramus platinus in the zones 
of Clioscaphites vermiformu and C. choteauensi.s. 
Kansius siernbergi may come from that zone, but more 
probably comes from the zone of Spinaptychus sternbergi. 

ToXOCHELYJDS-Toxochelys latiremis is present from 
virtually the beginning of Smoky Hill Chalk Member 
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deposidon. It continues into Ille Piene Shale. The 
bolotype of Lophochelys na1atrix apparently comes from 
either the zone of Spinaptychus mrnbugi or that of 
Hesperornls. 1be locality data !ft insufficient for 
certainty at lhis lime. I cannot shed any light on the ranges 
of other Niobrara toxochelyids. 

Plaros'l'EOJD$-Some species of Protostega is present 
in die mne of Hesperornu, but I cannot tell which. 

Mou.s1.uams-Platecarpus ictericus ranges through• 
out dte Smoky Hill Chalk Mem~ and into the Pierre 
Shale. TyloSalU'MS n. sp. is limited to the 1.00e of 
Protosphyraena pernicosa. 

EI..w&outllUD5---I can shed no light on the strati-
grapluc distribution of Smoky Hill ChaUc Member 
elasmosaurids. 

Pol.YCX>TYIJDS-SeveraJ skeletons migned IO the 
genus Trinacromerum have been found in the zone of 
Hesperornis. Fragmentary material from lower in the 
Smoky Hill Cha1lc Member arc inadequate for closer 
identi(JCation. It is curious that Williston (1893, 1897) 
found plesiosaurs to be more common in the Iowa- beds 
than in the upper. I am aware of a few juvenile propodials 
found in the lowest zones of the Smoky Hill Cha1k 
Member, but otherwise know of no lower chalk speci-
mens. Certainly ne.arly all the partial skeletons of 
Niobrara polycotylids have been collected from the upper 
horizons of the Smoky Hill Chalk Member (0. Bonner, • 
personal communication, 1982). All locality data for 
published KU Niobrara plesiosaur specimens giving at 
least county infonnalion list Logan or Wallace counties 
except for one listed only as Gove County (Schultze et al., 
1985). • 

J>l'ERANoooH11DS-Pteranodon does not seem to be 
present at the beginning of Smoky HiJI Clla1k Member 
deposition, but" it is clearly present in the upper levels of 
the zone of Protosphyr~na pernicosa. It continues 
throughout the iemainder of Smoky Hill Chalk Member 

·• deposition. -The:earliest occurrence ofNyciosaurus that I 
can document is in lhe zone of CUoscaphites venniformis 
and C. chottauensis. • It apparently continues into the zone 
of Hesperornis. 

IcmmoRNllHIDS-Some species of lchthyornis is 
present m the zone of l'rotosphyroena pernicosa, and at 
least two species occur in the zone of Spinaptychus n. sp. 
The alpha caxonomy of lchlhyornis is in need of revision. 
It appears that every inlerVal of lhe Smoky Hill Chalk 
Member contains some species of Jchlhyornis. 

BAl'l'ORN11HIDS-Wha1 little locality data are available 
for Baptornis advenu.s indicate that it is from the zone of 
Hesperornis; 

flEsPERORNtfflmS-Po.rahesperornis alexi seems to be 
limited to the zone of Spinaprychus sternbergi. 
Hesperornis is apparently restricted to the levels above 
that zone in the Smoky Hill Chalk Member and in later 
sediment in the Western lnterior. 
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Discussion 
I suggest that the reasons for these dislributions are 

lhrcef'old: climatic change or de.epenjng watct, extinction, 
and evolution of new fonns. 

Hattin (1982) proposed that the distribution of 
Durania and Texarotes (Spinaprychus) in lhe Smoky Hill 
Chalk Member are related to warm climatic inrervals. 
This hypothesis has merit and suggests an explanation of 
remporal and. geographic distribution of some vertebrate 
caxa. It is lrue that Durania seems to be mme common in 
the upper part of the zone of Protospkyraena pernicosa 
and in the wne of Spinaptychus n. sp. than in any other 
Smoky Hill Chalk Member interval. This suggests that 
Martinichthys and Bananogmius zltteli may be warm 
irulicalOl'S, since they coincide with the upper part of the 
zone of P. per:nicosa. Indeed, Bananogmius zilteli or B. 
auratus occurs in Cenomanian horizons in Tex.M. Other 
plethodids known from southern localities are 
Enrischa,rhinchus in Texas; and Moorevillia and 
BaMnogmius crileyi in the Mooreville Formation. If 
Protosphyraena pernicosa is a wann-watcr taxon, then lhe 
reason for its extinction is not clear. It is unknown outside 
of Kansas. In general, the pattern may be one of cooling 
throughout post-Turonian times, with periodic slightly 
wanner intervals. If Cimo/ichrhys came by way of 
cooling, we might expect eo see pre-Coniacian 
Cimolichthys fUrther north. Next would come the slight 
warming in latest Coniacian times with the appearance of 
Bananoamius zitteli, Martinichthys, and Spinaptychus n. 
sp. (Spinaprychus is thought to be the aptychus of 
Texanites, an ammonite of Tethyan affinities.) However, 
this general period coincides with the Iast appearance of 
Scapa,wrhynchus, Ptychodu.s aMnymous, and P. martini 
in Kansas. Scapanorhynchus persists in New Mexico, 
Texas. Alabama, and North Carolina. However, it does 
occur in the Mesa Verde Fonnation, north of Kansas. If 
these were extirpated by climatic cooling, why djd they 
not reappear with the latest Coruacian wanning? 

• The late Santonian extirpation of Pl}'chodus mortoni, 
Pseudocorra laevi.r, and Pachyrhiwdus leptopsis.from the 
Western Interior is almost certainly related to temperature. 
All three continue in TeXti and/or Alabama. Prychodus 
mortoni continues in the Mooreville Fonnation of Ala-
bama (Applegate. 1970) and Pseudbcorax persists in the 
base of the Taylor Group (Campanian) and the W oJf City 
Fonnation (Campanian) of Texas, the Brownstone Marl 
(Campanian) of Alabama. ttie Coffee Sand (Cimpanian) of 
Mississippi,.and the base of the Mooreville Formation 
(Santonian) of Alabama (Meyer, 1974). Pachyrhi:odus 
leptopsis is probably a Tethyan fonn. It occurs in older 
Texas rocks and in the Mooreville Formation (Campanian) 
of Alabama. An indicator of cooling at that time is lhe 
appearance of Apateodus in the Smoky HiU Chalk Mem• 
ber. 

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

B.favirostris) andPar1Wsptrornis. Both species of 
Bananogmilu continue into the Pierre Shale. Neither 
occurs in Texas or Alabama. The last appearance of 
Laminospondyl,u in Kansa is in this boril.on; cooling also 
could be the cause of this. Likewise, the first appearance 
of Hesperorni.s in the Niobt3Ja Chalk could be ~lated to 
cooling. It continues into the Pietre Shale. It is fairly well 
established lhat the hesperomithif onns had a generally 
boreal distribution (R~; 1967a. 1988; Bardack, 1968; 
Martin and Stewart.1982; Bryant, 1983). "SOlll'odon" 
pygmMus also appears in Kansas at lhat time and i., 
otherwise known only from the Pierre Shale of South 
Dakota and Wyoming. The appearance of Saurocq,halus 
leanus, cenainly present by the zone of Hesperornis, 
csnnOl be allributed to temperature changes. l1 is present 
in post-Niobrara rocks from Canada IO the East Texas and 
Mississippi embayments. The last appearance of. 
Cretoxyrhina mantelli in the zone of Hesperonris a1so is 
the last appearance in the ·nudcontinenL It persists later in 
Alabama (Mooreville, Eutaw formations, Russell, 1988} 
and Mississippi (Eutaw Fonnati.on, Russell, 1988), 
contrary to sw.ement by Cappetta (1987, p. 99) that the 
tax.on never attained the Campanian. Therefore, I con-
clude that its extirpation in Kansas stems from cooling. 

Published accounts may cause some to question lhat 
.Cimollchthys could be an indicator of cooling tempera• 
tures. It rust occms in Cenomanian hmu.ons of the 
English Chalk (Woodward, 1902). The southernmost 
North American record is in Texu (Bardack, 1965). The 
tt.eord of Cimolichlhys in the Mooreville Chalk 
(Applegate, 1970)-is unfoundoo, and none has been found 
since 1970 (0. Bell, petSOnaJ commwtlcation, 1988). 

If the scenario of continued cooling is generally 
accurate forpost-Turonian times in Kansas, the mosasaur 
fauna does not seem to rene.ct iL The concept of Clida.stes 
as a wann-water mosasaur.(RusseU. 1970) seems well 
founded. Clidastes is probably more common in the upper 
Smoky Hill Chalk Member than in the lower (Williston, 
1897), and it certainly continues in the Pierre Shale of 
Kansas, Wyoming, and South Dakota. An alternative 
reason for the disappearance of some species, includinJ 
Pseudocorax laevi.r, from Kansa., could be deepening 
water. Evolution of new forms is responsible for the 
succession of Clioscaphites, Spinaprycluu, and 
Squalicoraz species in lhe Western Interior. 

The .. Rudistes" and .. Hesperornis" beds arc not very 
useful names.· DurantJJ is found throughout much of the 
Smoky Hill Chalk Member (Hattin. 1988). Hesptromis is 
apparently not found in the beds immediat.cly above 
Marlter Unit IO of Hattin (1982) and certainly is not at all 
even a modCilltely common taxon where it does occur 
higher in the Smoky Hill C~ Member. Pan of the 
confusion is that Parahesperornis would have been known 
to Williston as Hesperornis (Manin, 1984 ). Perhaps 
"Hesperomithid beds" would be more accurate. 



Future collecting wiU probably alter some of lhe 
stratigraphic nnge data given here. A likely area for 
change will be in the ranges of some of the smaller sharks. 
The small teeth are almost never notice.d by casual 
searching and must be collectt.d intentionally. Many of 
the very small osteichthyans remain ro be named and 
studied. I have made very little mention of the ranges of 
lhe rarer mosasaur and turtle· species. The taxonomy of the 
polycotylid plesiosaurs is not stable, and the elamlosaurids 
have been treated as thaugh each specimen is a new 
species. 

The Smoky Hill Chalk Member ichthyofauna is 
unusual in its paucity of small, non-lamniform sharks. 
Many beds of Ibis age throughout the world have haizons 
where teeth are concentrated, and from which small teeth 
may be screened or otherwise.extracted. The Smoky Hill 
Chalk Member is an exception in two respects. First. lhere 
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 often yields a residue of small 
bones and teeth,. but these are almost entirely those of 
aclinopterygians. At one locality I have recovered a few 
teeth of RhiMbatos, 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 to the ratios of absolute numbers of . 
chondrichthyan to actinopterygian teeth in sands and 
conglomerates in earlier Uppel' 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 horirons. 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 tenned the 
Ptychodu.s-Cretoxyrhina association in the usage of Meyer 
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(1974). He defined that association thus: "Faunas with 
low diversity but large numben of individual leelh. 
Dominated by Squalicorax, Cretoxyrhina, and Ptychodus 
with vezy little else present Fowtd in thin-bedded silty 
calcarenites with thick dark olive gray shale inlelbeds and 
chalk-limestone facies (Niobrara Group)." Meyer (1974) 
characterized the Ptychodu.s-Creto:xyrlrina association as 
differing from most other Uppe.r Cretaca>us shark. associa-
tions by having more anacoracids than Odontaspis. The 
Smoky HillChaJk Member is even more ex1reme in this 
JCSPCCt than most of his Texas examples of the Ptyclwdus-
c,e,~hina association in having very nearly no 
OdoNaSpis at all. Meyer (1974) explained the abundance 
of pelagic sharks in .this association and absence of other 
types as being lhe result of deposition in deeper water. 

Within the Niobrara Chalk, lhcre is a general upward 
trend of-continuing reduction ofchondrichthyan diversity. 

• • First, Scapanorhynchus and two species or Ptyclwdus are 
lost Next. Ptychodus mortoni and Pseudocorax laevis 
disappear. Eventually, even Cn:to:xyrhina manJelli is lost 
The apparently brief appearance of Rhinobatos near lhe 
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 percenaage. This 
may be, in part, a result of a generally negative 
preservational bias in lhe case of the Kansas chalk . 
acanthomorphs. Some of the inoceramid-ostteid 
ca1carenites yield elements of acanlhomorphs that appear 
to be different from those preserved within inoceramids 
(Stewan, lhis volume). This could have to do with 
proximity to shore. The only acanthornorphs in the Smoky 
Hill Cha)k Member seem robe tied to areas with 10po-
graphic relief (particular bivalves). Even though only 
sporadically i,tt.sent. the diversity and abundance of 
Smoky Hill Chalk Member acanthomorphs appears to be 
greater than in earlier UpperCretaceous horizons in the 
Western Interior. 

Conclusions 
Even in the last twci decades, most co1Iecting of· 

vertebrate fossils in the Smoky Hill Chalk Member have 
been perf onned without proper stratigraphic data. Our 
understanding of the vertebrate biostratigraphy of the 
Smoky Hill Chalk Member is rapidly increasing. The 
"Niobrara vertebrate fauna" is, in reality, composed of 
several faunas. Many of the f.aunal changes within the 
Niobrara Chalk seem IO be due to climatic change or 

change in water depth. Others are due to extinction, and 
yet others are due to evolution. There are still species and 
genera of invertebrates, fish; and reptiles to be described. • 
Although some of diese organisms are rather large (on lhe 
order of meters), others are quit.e small. One of the 
undescn'bed teleosts is the most numerous vertebrate 
species known in collections from the Niobrara Fonnation. 
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Taxonomic listing by zone 

Zone of Protosphyraena pernicosa ---------------------

Vowiceramus grandis ActinocllmlJI sp. 
Durania mt:aima 
PseudoperntJ congesia 
Tu.soleuthis longa 
ZeugmaJolepas sp: 

Squaiicorax falcatus 
Scapanorhyncluu rhaphwdo,r 
Pseudocorax laevis 
Creloxyrhuia manlelli 
PtychDdus mortoni 
PtychDdus martini 
Ptychodus anonymous 

Zone ofSpinaptychus n. sp. 

Durania mt:aima 
Pseudq)erna congesza 
Volviceramus grandi.s 
TUS()teUJhis longa 
Spwzptyc~ n. sp. 
ZeugmaJolepas sp. 
last Ptychodus anonymus 
last Prychodus martini 
Ptychodiu mor1oni 
PseudocorlD/ liuvis 
Squalicorax falcalus 

Belonostomus sp. 
Micropycnodon kansasensis 
Lepi:wsteus sp. 
Protosphyraena pemicosa 
Protosphyraena nilidil 
Paraliodes""'-S giuulagnii 

Xiphactiru,s alUlax 
/chJhyod«tn ctenodon 
GillicllS arcuaJu.s 
SaurodonWUUI.S 
Apsopela anglicus 
Pachyrhizodus minimlls 
Pachyrhizodus canillUS • 
Albulidae 
Cimolichlnys nepoholica 

spiral coprolite~Iy presence of some 
rare shark 
Cretozyrhina malllelu 
? CretolalnnJ2 appendiciuala 

Paraliodesmus glllJdiJgnii 
Protosphyraena nilida 
Protosphyraena touus 
Prolosphyraena gladw 
Xiphactuws audax · 
/chlhyodectes ctenodon 

Endwdus gladiolus 
?Laminospondyllu transversu.s 
Bananogmius zilteli 
MartillichJJrys :iphoides 
other plethodids 
holoc.enlrid 

TOXDChelys latiremis 
Chelosphargis advena 

Plalr.carpu iclericl/,S 
TylosaJVus nepaeolica 
undesc. tylosaurid 
[chJhyornis sp. 

Gillic"3 arcll,QJus 
? Saurodon ieanus 
? PadiyrhizodJJs minimu.s 
? PodiyrhizodJls canil'UIS 
Lamilfospondy/Ju lr'1/ISIJeJ'S"3 
CimoliclatlrJs neponolica 
EncJwdJl.s dinu 
Eru:hotbupe1rosus 
StratodJu apicali.r 
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Zone of Cladoceramus undulatoplicatus 

Cladoceranuu IUldulaloplicatus 
PlalJcermus plaJuuu s.l 
Dwani.a maxima 
Pseudopema c(mgesta 
TIU(}te,uhis longa 
Z-t!"fmtUO/q,Q.S sp. 

Ptyclrotws morl.oni 
Squalicora:x falcatus 
C,etolamna appendiclU4la 
CrttaryrluM manzelli 

Protosplry,aena tOJMi.s 

?XiphactinMS tJMdax 
'l /cltlh,otkctu ctaiodon 
SCUU'od.on WUllLt 
GUliclu arcuatiu 
Ptµ:J,.yrltizodus eanitw 
Pachyrllizod,u m1nimus 
Pachyrhi:odlls leplopsis 

Zone of Clioscaphites vermif onnis and C. choteauensis 

Psewlopern11. congesta 
Plaryceramus platinlls S.S. 
J,uxuamu.r ballicus 
Dwani.a maxim4. 
Lucinasp: 
Philopteria sp. 
TllSOleuthis longa 
Clioscaphiles vermiformis 
Clioscaphites clwteauensis 
Bac"Jizes sp. 
Zeugmalo/ep43 sp. 
UinJacrimu soda/is 

Prychodu.s mortoni 
Squalicora.x cf. S.falcalus 
Psewlocorax laevis 
Crelaryrhina mtJnlelli 
'! Cretolamna appendic"laJa 

Zone of Spinaptychus sternhergi 

Pseudopern11. congesta 
Pl,atycu<VTUU pla1uuu 
? /11,()CtrtJnULS ba.llicu.s 
Psewloperna congesta 
Tu.sotelllhis l0t'l8a 
Spinaptychus sternbergi 
ZeugmaJolepas sp. 

Xiphactin.us oudax 
Jchthyodecte.s ctmodon 
Gulicl.U arcuatu.s 
Saurodon leanu.s 

Zone of Hesperornis 

Ostrui rugosa 
Ostrea falcaJa 
Durania maxima 
T~eUJhis longa 
Bac"lius sp. 
Rugapryclllls sp. 
Ze.ugmatolepas martini 

pycnodont 
Par~snwr g"'1d4gnii 
ProtospliyraeM IOlllis 
Protosphyraena guuJius 

Xiphactillus oudax 
lchthyodectes denodon 
Gillicus arcualus 
? Saurodon le,ONU 
Apsopelix anglicus 
Urenchelys abditus 
Pachyrhizodus canirutS 
Pachyrhizodus mininws 
"Pachyrhizodus" li!ptopsis 
Pletlwdidae undet. 
Cimolichthys n.epaholica 
IAmiN>spondylus tran.n,usus 
&clwdus shwnardi 
£nchodl,IS gl4dioliu 

Apsopelix anglicus 
Pachyrhizodus caninu.s 
Pachyrhizodus minimus 
BaMMgmi,a evolu1us 
CimDlichthys Mpa}wUca 
Lamino,pondylus lransvusus 
E,u:/todl,IS shsvnardi 
Stralodu:s apica/is 
Leptecod,on r.ctus 
ApaJeodws sp. 
QnlDSOm(l garretti 
'/Kansiu.s sJernbergi 
?Prosawodon pygma,eus 

Sq111Jlicorax sp. aff, S. k4upi 
Crelaqrhina mantelli 
? Cre1oltlmNJ apptmdiculala 
P'lalecarpus ict~ricus 
Clidastu propython 
Tylosawus proriger 

Clmbliclllhya ,uq,aholica 
Endtodu di,,u 
£ndtodllS gladiol,a 

mwl/c/rlhyorrw 

~/todws ptlrOSIIS 
.Apazeod,u sp. 
StraJOdusapicalis 
Caproberyx,p. 
Troclakhlhyoidu sp. 
hoJocenlrid alpha 
holooentrid beta . 

plesiosaur, cf. polycotylid 

Toxochefy:s lallronis 

'l P llur.carpus ictericus 

Puranodon. sp. 
Nyaosauriu •P· 
HiPosaur,u sp. 

lchth,orni.s sp. 

EctenoSOIITIIS clil/4stoides 
TylosaurMS proriger 
? Pllllecarpus icuriciu 

NyctOSD.uru.s sp. 
Pteranodora 

Porahesperomis alexi 

Trinacromerwn omorni 

Huperornis 
Baptomis 
Apatomis 
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Abstract 

At the end of the first century of pa1eontological exploration of the Niobran Chalk of 
Kansas, its fish fauna seemed archaic relative to contemporaneous fish faunas in having very 
few acanthomorphs. That perception must now be significanlly altered to accommodate at 
least four undescribed holocet1trid species; as weU as a po1ymixiid, Omosoma garretti Bardack, 
1976. All known specimens of these five species come from within inoceramid bivalves, as do 
all known specin:iens of Leptecodon recius Williston, 1899, Kansiu.s sternbergi Hussakof l 929 
and Urenchelys abdiru.s Wiley and Stewart, 1981, and most specimens of an amioid, 
Paraliodesmus guadagnii Dunkle, 1969. More than 100 individual inocerarnids from the 
Smoky Hill Chalk Member have been found to contain fish, and more than 1,000 individual 
fish, mostly acanthomorphs, come from within inocerarnids. From data provided by Russell 
(1988), it appears that more than 28% of all Niobrara fish in museum collections are 
inoceramid commensa1 acanthomorphs. Three temporally and taxonomically distinct 
inoceramid-fish communities existed during deposition of the Smoky Hill Chalk Member in 
the zones of Volvicerarrws grandis (late Coniacian), Clioscaphites choreauensis (late 
Santonian), and Spinaptychus sternbergi (late Santoni.an). 

Introduction 
Many types of fish symbiosis have been docwnenled 

with various coelenterates, mollusks, and echinoderms. 
Inquilinism is traditionally used in ichthyological ·literature 
in a broader sense than in sociobiological literature. In the 
ichthyological context, it simply denotes an animal which 
frequents the interior of another animal without detriment 
to the host. One of the most familiar examples is the 
pearlfish (Carapidae), which are known to be commensals 
of pearl oysters, se.a cucumbers, and starfish. • Al least two 
species of the apogonid Apogonichthys inhabit the conch 
Strombus bituberculatus (Gudger, 1927). Two related 
examples of present-day fish-bivalve commensalism are 
particularly relevant to the topic at hand Able (1974) 
demonstrated that the nocturnal cyclopterid Liparis 
inquilinus occupies Placopecren rnagellanicus (Gmelin) 
during most or all of the post-larval and pre-reproductive 

part of ilS life cycJe. • He also concluded that probably no 
other species of the genus Liparis does so (Able, 1973). 
This fish probably occasionally occupies Aequipecten 
i"adians. The pectens are not entirely willing hosts, but 
show no apparent benefit or detriment (Able,· 1974 ). 
Juvenile red hake, Urophycis chuss (W albaum), also 
occupy P. mageUanicus, especially by day. Laboratory 
experiments show that hake prefer non-living shells to 
living pectens and often excavate a chamber beneath the 
shells (Steiner et al., 1982). It appears that most fish that 
are inquilines of mollusks are nocturnal. The inquilines of 
peel.ens (juvenile Urophychus chuss and Uparis 
inquilinus) are more frequently found within pectens 
diumally than noctumally (Able, 1974; Steiner et al., 
1982). Likewise, two species of cardinal-fish 
(Apogonichthys, an inquiline of the gastropod Strombu.s), 
are nocturnal (Gudger, 1927). 

History of inoceramid inquiline research 
Wilhin the first decade or so of scientific fossil 

collecting in the Niobrara Formation of Kansas, collectors 
. recovered several small fish preserved upon pieces of 

inoceramid bivalves. Several species of the Inoceramidae, 

some quite large, occur in the Smoky Hill Chalk Member. 
Volviceramus grandis is an a1most spherical inoceramid 
occurring in the lower horizons of the Smoky Hill Chalk 
Member. Its lower (left) valve is bowl-shaped and its 
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upper (right) valve is caplike. Also within the zone of 
Volvicerarrws granms is a platter-shaped inoceramid 
generally identified M Plaryceramus platinus sensu Jato. 
Above the zone of V. grandis is lhe woe of Cladouramus 
Ulldulatoplicmus. This fairly flat inoceramid is remarlcable 
because of lhe undulating plications that radiate from the 
ambonal area. Above tha1 zone is the wne of 
P/atyctramus platinus sensu slricto. This is a fairly 
compressed, nearly quadrate inoceramid measwing over 1 
m (3.3 ft) on ·a side. The ml length can exceed 2 m (6.6 
ft). Some of the shells, of which mly the prismatic 
(calcitic) layer is presavcd, aitaina thickness of more than 
4 cm (1.6 inches)along some edges. 

The earliest discovery of Niobrara fish preserved upon 
inoceramid shells is .from an 1874 collection made by 
Benjamin Mudge for 0. C.-Marsh. It was not until 1899. 
however, that.S. W; Williston described the first fish, 
i.eptecodon rtctus, preserved on a fragment of • 
Platyceramus.platinus. Williston (1899, 1900) also 
mentioned that.several specimens of a smaller, undeter-
mined teleost wl:'4e preserved on the same fragment 
Hussakof (1929) described three small acanthomorph 
skeletons from the Smoky Hill Chalk Member as 
holocentrids and assigned lhem to.the new genus and 
species Kansius sternbergJ. Perhaps it was his unfamiliar-
ity with the Niobrara Chalk fauna and preservation that 
precluded his recognizing that these skeletons bore the 
undulating impression of an inner surface of a 

. Platyceramu.s platinus valve, and tfiat the interstitial calcite 
crystals among Lite bones demonsirated that the skeletons 

had been pressed against some flat objec:L It was Dunkle 
(1969) who first start.d thal fish could be found within 
Niobrara Chalk inoce:ramid shells; in lhis-work he de-
scn'bed an amioid balecostome, Paraliodesmus guadagnii, 
that he had found by intM~onally searching within 
inocmmids. 

Bardack's (1976) de.wription of a new polymixiid 
species, Omosoma garretti, preserved with a second 
specimen of LtptecodL,n rectu.s on an inner surface of a 
Platyceramus plari,ws valve, prompted him IO discuss the 
cause of such associations. His explanation was lhat 
inocmmid valves would open upon death, exposing the 
inner surfaces of both valves. He reasoned lhat since all 
the inocemmid fragments bearing these flSh had cpizoa 
(primarily ostreids) on the outer surface, these must 
represent upper (right) valves. He believed lhat dle fish 
-.fo~ on a given ,inoceramid specimen (he reported as 
many as50Kansiuson one specimen)must have been 
swept togelher by cwrent action and buried rapidly. He 
believed lhat.ont:rrarely were these fish species preserved 
in chalk matrix, and then only in unusually hard challc. In 
short, he believed that these associations were entirely 
coincidental and due to fortUiU>us substrates. 

Wiley and Stewan (1981) described the first Meso-
zoic eel from Nonh America (Urenc°Mlys abduus) from 
within a specimen of Plaryceramus platinus. They stated 
that the specimen shared the interior of that bivalve with 
several specimens of an undescn"bed holocentrid. but did 
not offer an interpretation of this unusual context 

Recent research 
I have indicated elsewhere (Stewart, 1982, 1987, 

1990) an interpretation that several Late CrelaCeous 
halecostome fish provide paleontologic evidence of 
inquillnism. My investigations confirm lhe findings of 
Dunkle (1969) thatfish do indeed occur within articulated 
valves of inoceramids in the Smoky Hill Chalk Member, 
and not merely on open valves as was suggested by 
Bardaclc (1976). Three fawtal zones within the Smoky 
Hill Chalk Member contain fish-inoceramid associations. 
lbe first lies· within the zone of VolvicerQJnJJ.S grandis. 
Here, specimens of Paraliodesmus guadagnii and an 
undescribed holocentrid may be found on or within 
specimens of VolvicerOJnUS grandis, and the undescribed 
holocentrid also occurs within articulated valves of 
Platycerarrws platinus s.l. In the Clioscaphites 
clwteauensis zone, ParaliodesmllS guadagnii, Urenc.helys 
abditus, and four undescribed holocentrid species are 
found within valves of Platyctramus platinus s.s. I have 
assigned one of lhe undescribed species to the genus 
Trachichlhyoides and a large one to Caproberyz sp. The 
geologically youngest fish-inoceramid association comes 
from the zone of Spinaptychus skrnbergi. Herc, 
Omos<>ma garretti and Leptecodan rectu.s are preserved 
within valves of Platyceramus platinus s.s. The only 
occuncnce of Kansius sternbergi may have come from the 

wne of Clioscaphiies chott~nsis, but might also be from 
the zone of Spinaprychus s~rnbergi. 

The first problem with Bardack's intttpreUltion (1976) 
is the taxonomic distinction belWetn those fish species 
found on or within inoceramids and those distributed 
elsewhere in the challc-matrix. _There are several small fish 
species, some of lhem quite common, that are only found 
at large in the chalk matrix. Among these are Enchodus 
glad;olus, E~hodus· shwnardi, Apsopelix anglicus, and an 
albulid. These ~ies have never been found within 
inoccxamids. Conversely, of the ai Jeast nine species of 
fish found within inocemnids, only two specimens of one 
species have ever been found outside of inoceramids in the 
chalk. The only technical exception is that .fragments of 
disarticulat® fish may be found on me extmw of some 
Plaryceramus platinus that contain oth« individuals of 
those species. In such cases one cari usually see compres-
sional ruptures in the inoceramid valves and follow a trail 
of fish skeletal elements through those ruptures onto the 
outer (usually lower) surface of die inocmmid. If the 
chances of landing on an inoceramid were the same for all 
small dead fish, it would be extremely improbable for ove.r 
1 .200 specimens of one set of small fish species to be 
found on (or within) inoceramid valves and for several 



.. , 
I 

.! 

hundred individuals of another set never to be so pre-
served . 

Another problem with Bardack's interpre&ation (1976) 
is that Platyceramus pJatinus is usually preserved with 
both valves in approximate articuJation and occluded. 
According to the study of Schafer (1972), bivalves do not 
open widely after death unless the ligament dries out or 
currents or other agents di_srupt the valves. Therefore, fish 
preserved on the inner swface of a weathered inocenunid 
valve does not necessarily mean the fish came to rest 
against an open inoceramid. The same situation would 
result from fish within an occluded pair of valves being 
exposed after the upper valve had largely weathered away. 
It is true, howeva, that many specimens of Volviceramus 
gran.dis are preserved with the cap valve open. 

The orientation of epizoa growing on an inoceramid 
• can give some insight into the life position of the hosL 
The fact that epizoans encrust the outer side of an 
inoceramid valve does not guarantee that this valve is a . 
right (upper) valve. Battin (1982) and Stewart (1990) state 
that epizoa are often found on the exteriors of both the 
upper and lower valves of Smoley Hill Chalk Member 
inoceramids. This phenomenon is difficult to explain if 
the filter~feeding epizoa (ostreids and cirripeds) were 
living simultaneously on upper and lower valves of a 
large, recumbent bivalve. One would intuitively expect 
filter-feeders to be fouled by sediment if siruated between 
the bottom valve and a vecy soft and fine-grained sub-
strate. Nonetheless, Hattin (I 982} proposed that the 
substrate was so watery as to penni~ this. -

I object lO that interpretation for a number of reasons. 
Hallin (1982, 1984) mentions Smoky Hill rudists (Durania 
maxima) that show encrusting ostreids restricted by the 
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water-sediment boundary. If they were restricted by this 
boundary on a rudist. why not on an inocenmid? Indeed, I 
have noted.a water-sediment boundary on lowe.r valves of 
fish-containing Platyceramus platimu as indicated by 
presence or absence of the left (lower) valves of the 
encrusting ostreids and the presence or absence of articu-
laled IepadomOlpb thoracican cinipeds (augmalolepas 
sp.). However, logic dictates lhat the preserved position of 
lhe lower Platycera,rws pi.alin.us valve was not the position 
while the epizoa were living. One consistently observes 
that the size and distribution of ostreids is the same on the 
upper and lower valves of a given P. platinus in the 
Smoky Hill Chalk Member, but tha1 the size and distribu-
tion of ostreids nries greatly among individual P. 
p/aJinus; It would seem more parsimonious to hypothesize 
an upright., presumably byssate. life orientation for P. 
platinus than to suggest that the supporting sediment 
would not significantly·inhibit the settlement and growth 
of ostreids on the lower valve. The free (right) valves of 
. the ostreids are' often preserved on. the upper valve of a P. 
plarinus, but not on the rim ·area of the lower valve (fig. 
lb). One would predict that if a topp1ed inoceramid stayed 
somewhat above the sediment-water interface for some 
period of time. unsupported ostreids on it.slower valve 
would lose their free (right) valves as they decayed, the 
lower (left) valve being cemented to the host (fig. lb). I 
8$Ume that during the life of the P. plalinus, the number 
and distribution of augmatolepas on one valve generally 
confonned to that of the opposite valve. As preserved, 
however, only isolated augma1olepas plates may be 
found on upper valves, whereas none are fowid around the 
rim of the bottom vaJve (within an area generaily corre-
sponding to that where theostreids Jack the free valve), 

FIGURE I-Diagrammatic cross sections of Pl,arycer= platinus and its epifum.a in lhe axial plane. A) P/alyceramus immediately 
after toppling. All epizoa are intact and ZeugmaJolepas beneath the lowe:r valve are oriented away from the umbo. B) 
PlatycerQITUlS after dealh of epizoa, but before burial. The Zeugma1olepas that fonnerly covered the upper (righl) valve are gone 
as are lhose that were on the exposed portion of the lower (left) valve. The right va1ves of P.sewi.opema on the exposed portion 
of lhe lower P/aJyceramus valve have also fallen away. 
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and well-articulated Zeugmatolepas are found in the 
central part of the lower P. platinus valve. Z,eugmato/epas 
are disarticulated on the upper valve and absent from the 
rim of the lower valve because the plates of the cirripeds 
would disassociate once the animal decayed. They are 
articulated and well preserved in the central area. of the 
lower vaJve because the sudden IOppling of the host 
presse.d lhem against the sediment {fig. 1). The 
7.eugmatolepas had not been projecting into the sediment 
prior to compaction, becanse were is no sediment between 
lhem and the ostreids to which !hey are attached. If Lhe 
sediment had not been coherent enough to choke out the 
ftltu-fceders on the underside of an inoceramid, it would 
not have been coherent enough to ensure the preservation 
of articulated ostreids and cinipeds beneath the 
inoceramid. A well-defined boundary between articulated 

and disarticulated epizoa beneath a P. p/atinus implies a 
well-defined water-sediment boundary. 

'The orientation of the articulated augmato/epas 
beneath the Platycermrws platinus provides useful 
information. In numerous specimens or Platyceramus 
examined, the 2.eugmatolepas are oriented such that their 
free ends are directed away from the umbo and generally 
perpendicular to the growth lines oftheP. platinus(fig. 2). 
I interpret this to be the result of water rushing out from 
beneath the P. plalinus as it fell over. The pattern is, of 
course, preserved only where the Zeugmazolepas were 
pressed against the substrate. A1tematively, lhe pattern 
could be explained as the life position of the 
augmatolepas. However, the stalks seem too elongate to 
be held in such a fixed position. 

FIGURE 2-View from above a Platyceramu.s plalinll.S as preserved, looking through the left valve, Alrows show the orientations of 
individual lepadomorph cirripeds (u11.gma1olepas sp.) beneath .specimen hosting many disarticulaled individuals of inoceramid 
alpha. University of Kansas Vertebrate Paleoniology (KUVP) 60682. Scale equals 50 cm (20 inches). 



Hallin (1982} objected 10 a hypothetical upright 
orientation of Platyceramus because none has been found 
in that position, and because Erle Kauffman (personal 
communication to Hattin) has seen no evidence of byssal 
attachment. The second statement is difficult to evaluate, 
but it is not surprising that no Platyceramus have been 
found preserved in an upright position in the Smoky Hill 
Chalk Member, be.cause lhe average deposition rate was, 
according to Battin (1982), approximately 0.036 mm/year. 
I have observed many Plaryceramus platinu.s specimens 
that have a crushed anterior margin, pan preserved 
venically and part hom.ontally, indicating a ralhel' steep 
angle here relative to the generally flat surface of the 
majority of the shell. This surface on the anterior margin 
is essentially a rudimentary lunule. However, I cannot 
.state that this surface is entirely devoid of ostreids. Seitz 
(1962 ) argue.d • that a close relative of Platyceramus 
platinus, Platyceramus mamelli manzelli, could have had a 
byssus. 
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Some soft anatomy of the inoceramids 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 Spindprychus .sternbergi, 
gills are visible. In many instances, fish preserved within 
those P. platinus specimens arc found between er beneath 
lhe gills (fig. 3). This implies that those inocemmids were 
alive or only vr:ry recendy deceased when the fish died 
(Stewart. 1982, 1987, 1990 ). 

These rmdings are lhc basis for the hypochesis that the 
flsh found within dle Smoky Hill Oaalk Member 
inoceramids were inquilines of the inoceramids, that 
Platycera,rws plalinus lived in an upright rather than 
recumbent position, and that the toppling of a P. pladnus 
containing fish led to the death of both lhe host and the 
inquilin~ A ligament strong enough to open such a large 
bivalve in an erect position may not be strong enough to 
open it in a recumbent position. 

Implications 
The conclusion that these entombed fish were 

inquilines of inocerarnids leads to several additional 
hypotheses. The first is that many species of inquiline fish 
interacted with one another as well as with their hosLs. In 
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the zone of VolviceramJlS grandis, both Paraliodesmus 
and an undescn"bed holocentrid have been found in the 
same inoceramid specimen. Numerous multi.species 
occurrences are known from the zone of Clioscaphites 

FIGURE 3-Photograph of three holocenlrid ~pha, KUVP 69479-(;9481, preserved within Platyceramus plaluw, sho'Wing gills of 
the host overlapping the fish skeletons. The gills are the thin, fmely slriated layer. Scale equals 15 cm. 
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chotea~nsis. One specimen of Platyceramus platinus 
hosts both Paraliodesmus and an undescribed hoJocentrid I 
will here refer to as holocentrid alpha. Two contain 
Urenchelys abdi1sa and holocentrid alpha. Three speci-
mens of Plarycerarrws pladnus host holocenlrid a1pha and 
Trachicluhyoides. Four more contain holocentrid alpha 
and Caproberyx. Up to three fish species may have 
cohabitated. Paraliodtsmus, Traclu.chlhyoides, and 
holocentrid alpha are preserved in one Plarycerarrws 
platinus. Among these species, only ParaliolksmJIS is 
known to have preserved stomach contents. Allhough it 
was clearly carnivorous, there is no indication that it 
preyed on any olher inquiline fish species. 

In the zone of Spinaptycluu sternbergi, only two 
inquiline fish species are .known: Omosoma garretti and 
Lept,codon rectus. As many as 36 Omosoma have been 
found in an individual Ploryceramus platinus. Only two 
leprecodon specimens are known. Each was found in a P. 
platinus with several specimens of Omosoma. In one 
Leptecodon, che stomach definitely contains a small 
t.eleost, pom'bly Omosoma (fig. S). The othrz Leptecodon 
may have an Omosoma in its alimentary cavity, but it is 
unclear because of the nature of its presetVation. It is 
possibJe that this fish within afish within an inoce:amid is 
evidence that predalOl'S had penetrated the defenses of the 
inquiline fish species. The fact that this is the geologically 

TABLE 1--0ne-way analysis of vc-iance of lhe first 10 caudal centra of holocenaid alpha. 

Specimen KUVP KUVP KUVP KUVP KUVP K.UVP KUVP KUVP AMNH USNM 
no. 

49403 65700 49403 57251 47247 69467, 49403 6.S697 9840 336382-
69469, 336386 
69470, 
69472. 
69473 

Measure- 28.7 20.6 22.4 24.3 19.3 23.9 22.4 27.6 21.7 26.8 
mentin 25.7 23.8 22.9 21.3 23.1 26.5 2L6 27.8 :21.6 23.0 
mm 26.8 20.9 19.l 23.9 20.4 26.5 21.7 28.S 21.2 21.2 

27.3 26.1 20.2 24.7 24.2 26.8 20.-8 27.5 21.2 21.7 
24.9 21.6 21.0 25.S 22.8 28.7 21.7 26.9 21.7 24.5 
28.0 25.5 22.7 23.4 
28.5 26.1 26.5 
29.2 24.6 
27.9 

Analysis orvarlance 

DUETO DF ss MS-SSit)F F-RATIO 

Factor 9 312.91 34,77 11.54••· 
·Error so 150.59 3.01 
Total 59 463.S0 

LEVEL N MEAN ST.DEV. 

Cl 9 27.47 1.45 
C2 8 23.65 2.31 
C3 7 22.11 2.39 
C4 6 23.85 1.44 
C5 5 21.96 2.03 
C6 s ·26.48 J.71 
C7 5 21.64 0.57 
cs 5 27.66 0.58 
C9 s 21A8 0.26 
ClO 5 23.44 2.7 

Pooled SL Dev. = 1.74 

,.,.,. =P< 0.001 
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youngest of the known inoceramid-fish communities adds 
appeal to this ide.a. 

A second hypothesis is that the individua1 fish of a 
given species within a particular inoceramid specimen 
could be members of a school. Among most schooling 
fish, the individuals of a particular school are of similar 
length. This is, in pan, a product of the fact that swim-
ming speed is related to sfae (Bond. 1979). To test I.he 
idea that these amld represent schools, I measured the first 
10 caudal vertebrae in 10 groups of holocenUid alpha, the 
most common holocentrid in the zone of Clioscaphites 
clwteauensis. These measurements were analyzed through 
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a one-way analysis of variance. The variance of size 
among the groups is significantly greater than variance 
within groups at the O.001 level of significance (table 1). 
The same test was applied ro six groups of Omosoma. 
garretti from the zone of Spinaptychus siernbergi. Again, 
the size variance among the groups is significantly great.er 
than that widlin groups at the same level of significance 
(table 2). Thm. it seems probable that at leut the groups 
of holocentrid aJpha and Omosoma garretti, lhe two most 
numerous inoceramid inquilines, represent schools. Both 
are typically found in fairly large groups. For holocentrid 
alpha, the group may be as Jarse as 104 individua1s 

TABLE 2-0ne•way analysi.s of varian~ of lhe first IO caudal cenll'a of Omosoma garrelti. 

Specimen KUVP FMNH KUVP FHSM AMNH KUVP 
no. 

32398 PF43040 • 65738 VP-5115 9837- 59016-
9838 59017 

Measure- 12.8 13.4 16.5 13.9 17.6 10.6 
ment in 16.4 12.3 14.1 lJ.6 17.2 11.2 
mm 14.7 13.5 15.5 14.0 

l5A 11.2 17.7 
16.7 11.6 18.3 
14.3 10.8 16.8 
14.8 11.3 
15.6 12.8 
14.9 12.0 
14.0 13.6 
14.9 12.8 
17.2 
17.2. 
17A 
11.l 
15.4 
16:8 

Analysis or variance 

DUE TO DF ss MS=SS/DF F-RATIO 

Factor 5 130.84 26.17 3,79••· 
Error 35 66.41 1.90 
Tota.I 40 197.26 

LEVEL N MEAN ST.DEV. 

Cl 17 15.27 1.67 
C2 11 12.3 0.99 
C3 6 16.48 1.52 
C4 3 13.83 0.21 
C5 2 17.4 0.28 
C6 2 10.9 0.42 

Pooled St. Dev.= 1.38 

••• = P < 0.001 
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(KUVP 49403), and as many as 4 7 for Omosoma ga"etti 
(KUVP 32398). 

Some extant holocentrids, the most diverse and 
abundant family among the inoceramid inquilines, seem to 
return to the same cave or crevice daily. Longley and 
Hildebrand (1941) provided an account of an individual of 
Holocenm.s a.scensionis that inhabited the same hole 
every day for a month. In another instance. 13 
Sargocentron vaillarius were fon:ed by poison from a 
hole in cay rock, and later hopped a 6-inch (IS-cm) barrier. 
to.re-enter that pool at lower tide (McKcnny. 1959). In 
this light, it is conccivable 1hal each school of inoceramid 
inquilines had its own inoceramid and did notindisc:rimi-
nately occupy appropriate specimens. No living 
holocentrid or polymixiid is known to panicipate in a 

cornmensal or mutualistic reltUionship. but many eels and 
all holoc:entrids utili7.e crevices. caves. or ovedwlgs for 
sheller. 

All extant holocenlrids are nocwmal feeders and 
spend daylight hours in or near overfwlgs. crevices, etc. in 
coral or rocks. Many extant inquilinc teleost species are 
also noctumal. Two species of Apogonichthys are 
inquilines of Strombus and are nocturnal. Two excellent 
examples are Urophycus clwss and Upari.s in4uilinus, 
which are inquilines of pectens. Diurnal trawls of these 
pectens produce many more of these two species 1han do 
nocturnal nwls (Able. 1974; Steiner et al., 1982). Conse-
quently, I posit that these Cretaceous inquilines were 
nocturnal. It is not difficult l0 understand why these ftsh 
would find it advantageous l0 enter inoceramids. It is well 

FIGURE 4--Diagramrnalic represen1ation of orientation of holocenuid alpha in four partial Pl,aJyceramJIS plalinus. Shaded arus are 
areas of , hell not preserved due to erosion or concretions A) KUVP 47241 and 69467~9483; B) KUVP 47245; C) KUvP 
4940~; D) KUVP 65697. The single eJongaie fish on A is the holotype of Urmchelys abditu, KUVP 47241. Selle equals 50 
cm (20 inches). 



known that nwnerous types of predatory ven.ebrates 
occur in the Smoky Hill Chalk Member. The floor of lhe 
Niobrara sea was essentially monotonous and flat except 
for the occasional bivalves and their epizoans, which 
formed small islands of life. Any lactic that could 
produce a sheltered place for resting would be useful. 
Likewise, nocturnal activity might be Jess hazardous than 
diurnal. 

Although the benefits of inquilinism to the fish are 
clear, it is not immediately obvious whether lhe • 
inoceramids benefited from this relationship. Pethaps 
fish defecation within the host would be beneficial. 

A question arising from the concept of Crelaceous 
inquiline fish is whether their inquilinism was obligate. 
• Species of Trachichlhyoides, Caproberyx, Omosoma, and 
Urenchelys occur in European Upper Cretaceous rocks, 
and Omosoma and Urenchelys also are known from 
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Lebanon, as are numerous holocentrid genera. One 
species of Omosoma comes from Africa. In none of these 
deposits is there indication of inoceramid-balecostome 
associations. It is lhercfore unlikely that any of these 
genera were obligate inquilines of inoceramids. It is 
curious that Kamas is lhe. only area from which Crcta· 
ceous inquiline fish have been reported. The only non-
Niobrara record is from the Fairport Chalk Member of the 
Carlile Formation (Stewart. 1982, 1987, 1990). As 
Kauffman (1990) has.noted; the visceza of large deep-
water inoceramids such as P. plalin.us may have occupied 
from one-half to one-third the internal shell area. In such 
an arrangement; considerable space in lhe mantle cavity 
would have been available IO the inquiline fish. If the 
posit.ion of the fish in fig. 4 is indicative of the position of 
the mantle cavity, the visceia were extremely confined. 

Significance to the Niobrara ichthyofauna 
At the end of the first century of investigation of the Alma in Lebanon and at Westphalia in Germany. 

Niobrara Chalk vertebrales, only one acanthomorph had Patterson (1964) listed13 acanlhomorph species from the 
been described from these deposits (Patterson, 1964), and fonner and eight from lhe Iauer. In fact. most small fish 
that species was known from only three specimens. This. •• are rare m the Smoky Hill Chalk Member. Exceptions are 
single acanthomorph species contrasted markedly with fish Apsopelix.anglicus and small species of Enchodus, 
faunas from contemporaneous deposits such as at Sabel particularly E. shwnardi. 

lragmen1ary scu1e, overlying prey, 
from right side of Leptecqdon 

scu1es, underlying prey, from left ----+--~-1-~-
side of 

FIGURE 5-Drawing ofholotype of Leptecodon reel us, KUVP 35, showing enlm-gement of a smaller ingested fish above the left 
scutes and beneath the righ1 scutes of the gastric region. Scale equals 5 cm (2 inches). 



40 

By 1988, Russell could cite several more species of 
Niobrara acanthomorphs. He also noted (1988) that he 
had localed 4,222 fish specimens in Niobrara ven.ebrate 
collections, and that rhey constituted 58% of the vertebrate 
fossils in Niobrara collections. This is probably an 
underestimate, if one takes into account that some early 
collectors (or their minions, in the case of 0. C. Marsh) 
pref med to concentrate on Niobrara tetrli'pods. To date, I 
have noted a minimum of 1,230 individual fish preserved 
within inoceramids in the Niobranl Qialk fonnation of 
Kansas. If none of these was included in Russell's figures. 
then these represent over 29% of the known Niobrara fish . 
fossils. Acanthomorphs (1.210) conslitute nearly 29% of 
the total; hoJocentrids (I ,069) are 25% of the tota1; and one 
species, holocentrid aJpha (1,033), is 24%. If any of the 
4,222 fish specim~ns Russell (1988) documented from the 
Niobrara Fonnation included any of these inoceramid 
~mensals, then the percentages are higher. 

These figures must produce a radicaJ change in the 
way we view the Niobrara fish fauna, particularly in 
relation to contemporaneous fish faunas. One of the 
greatest ironies of this shift in perspective is that the most 
common vertebrate species in Niobrara collections is now 
an undescribe.d holocentrid. This is even more remarkable 
when one considers that all known specimens of this and 
the Q.ther inquilines from the zone ofClioscaphites 
choteauensis come from a 9.3-m (30.7-ft) stratum lhat 

probably represents only slighlly more than 5% of Smoky 
Hill ChaUc Member deposition in Kansas (HaUin, 1982). 

Bardack (1976) argued that that the dead bodie., of the 
fish species found on inoceramid shells wme initially more 
widespread lhan we now perceive. but chat those resting on 
a soft chalk substrate were not preserved. There may nuly 
be a preservationaJ biu in this regard; howcva-. it seems to 
be a bias agaimt or for certain raxa. It seems that the 
inquiline taxa experience a positive preservational bias. 
As noted above, there are ovrs 1.2CXHndividual fish of at 
least nine species found within in~ds. and possibly 
two or lhree individuals of one of lhose species preserved 
away from inoceramids .. It is very possibly 1n1e that 
acanthomorphs not lying within inoceraritids tended to be 
generally lost in soft chalk sedimenu. Acid residues from 
inoceramid prism-Jag deposits within the 1.0ne of 
Clioscaphites choteal4ensis have produced fin spines and 
other elements of acanlhomorphs. Howevec. these fossils 
appear to be either from juveniles of the inquillne taxa or 
froin non-inquiline taxa. 

Until recentJy, most venebrate paleontologists 
collecting in Lhe Smoky Hill Chalk Member focused much 
more attention on the larger fish of that deposit. thus 
inuoducing some collecting bias. The wt 15 years have 
witnessed somelhing of a rcveisal of that bias, with 
increased emphasis on the small fish species, particnJarly 
the inoceramid inquilines. 

Conclusions 
At least nine species of halecomorph actinopterygians 

have been found within inoceramid shells in the Smoky 
Hill Chalk Member of the Niobrara Fonnalion of Kansas. 
These occur in three·horizons. The majority of these fish, 
in both absolute numbers and systematic diversity, are 
acanthomorph fish. These acanthomorphs account for 

approximately 25% of all catalogued Njobrara fish. The 
fish are believed to be inquilines of the inoceramids and, in 

.• many c~. inhabited living inoceramids and died within 
the inocerarnids. The fish were probably nocturnal, as are 
extant fish inquilines of mollusks, and some species appear 
to be preserved as schools. 
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Abstract 
The stratigraphy of the Smoky Hill Chalk Member of the Niobrara Chalk in western 

Kansas is well undersloOd thanks ro the work of Hatt.in (1982) and Stewart (1988). Marker 
units identified by Hattin (I 982) allow quick determination of the stratigraphic position of a 
specific outcrop, in tum making it possible to use locality data to infer stratigraphic position 
of specimens collected long ago. • This technique is particularly useful in the upper half of the 
Smoky Hill Chalk Member where biostratigraphy is not informative and which has produced 
the majority of the fossil vertebrates. The stratigraphic distribution of the type skulls of the 
pterosaur PteraMdon is examined as an example of the procedure. This technique may be 
useful in further studies of the large collections of fossil vertebrates from the Smoky Hill 
Chalk Member. 

Introduction 
The Smoky Hill Chalk Member of western Kansas is 

famous for the very large number of specimens of fossil 
vertebrates it has produced .. The collection of fossil 
vertebrates from the Smoky Hill Chalk Member was 
begun in earnest by 0. C. Marsh and the Yale College 
Scientific Expedition in 1870, That and subsequent 
expedhions by Marsh and colleagues in 1871 and 1872 
were so successful in the discovery of abundant remains of 
fish, turtles, mosasaurs, plesiosaurs, pterQSaurs, and birds 
that Marsh hired professional collectors, including B. F. 
Mudge and S; W. Williston; to work lhe Niobrara Forma-
tion for him each year through 1879. During this IO-year 
period, Marsh amassed the largest and one of lhe most 
important collections of Niobrara vertebrates. Since the 
1870' s collecting of Niobrara vertebrates has been almost 
continuous. H. T. Martin of the University of Kansas 
collected a great deal of material, providing the core of the 
large collection at the University of Kansas and seUing 
specimens to many olher museums. George F. Sternberg 
collected for many years and like H. T. Manin sold 
specimens widely, but saved much of the best material for 
the Sternberg Memorial Museum in Hays, Kansas. In 
addition many other individuals have made small but good 
collections of specimens. 

The majority of fossil vertebrates were collected 
before the stratigraphy of the Niobrara Fonnation was 

adequately understood, and their stratigraphic positions are 
unknown. The most that the collectors recorded was 
. whether the specimen was from gray (or blue) shale or 
yellow chalk.. The gray/yellow dichoromy is not particu-
larly useful because it is largely a weathering phenomenon 
(Williston, 1897; Miller, 1968), and often the color change 
is found at different levels in the same oulCl'op. 

•. Most studies of fossil vertebrates from the Smoky Hill 
Chalk Member have suffered from a lack of stratigraphic 
information, and authors have often had to rely on the fact 
lhat exposures of the eastern end of the outcrop area in 
Ellis County are low in the Smoky Hill Chalk Member 
while those of the western end in Logan County are 
higher. Bardack {1965) located many of the old localities, 
but at lhc time the stratigraphy was not sufficiently well 
known to determine stratigraphic positions of those 
localities with any precision. The purpose of this report is 
to show that it is now possible to detennine the strati~ 
graphic positions of specimens from locality data. AI~ 
though precise locality data are best, often even rather 
vague locality data are sufficient to determine the strati• 
graphic position of a specimen. 

It is import.ant to note that almost all of the Yale 
Peabody Museum (YPM) collection was collected before 
1881 when the old Wallace County was separated inro 
Wallace and SL John counties. The latter was changed to 
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Logan County in 1885 (Elias, 1931). Bardack (1965) 
noted that the present Logan County was fonnedy called 
St. John County bul did not mention lhat it was formerly a 
pan of Wallace County. The Niobrara Formation is not 

widely exposed in the modem Wallace County. Many 
specimens in the YPM and other collections are listed as 
being collecled in Wallace County. but almost all of them 
are from what is now Logan County. 

Stratigraphy 
The stratigraphy of the Smoky Hill Chalk Member of 

the Niobrara Chalk Formation in western Kansas is now 
well'understood. Hattin {1982) described the stratigraphy 
of the Smoky Hill Chalk Member and identified 23 marker 
units. Hallin• s marlc:er units. are the completion and 
perfection of the pion~ring work of Russell (1929), and 
they allow quick determination of die stratigraphic 

. position of an outcrop in the field. The invertebrate 
bioslratigraphy oflhe Smoky Hill Chalk Member was 
examined by Miller (1968) and Hallio (1982), and Stewart 
(1988) showed that vertebrates can also be useful for 
biostratigraphy in the Smoky Hill Chalk Member. Bios-
tratigraphic zonations based on inoceramids and species of 
the fish Protosphyraena divide the Smoky Hill Chalk 
Member into four z.ones. 

. Biostratigraphic zonations do not subdivide the upper 
half of the Smoky Hill Chalk Member. This is unfortunate 
because the upper halfof the Smoky Hill Chalk Member 
has produced the vast majority of fossil vertebrates. 
Stewart (1988) noted lhat this is not because lhe lower half 
is unfossiliferous (fossils may actually be more common in 
lhe lower~). but rather because the upper parts were 
more intensively collected. Letters sent to 0. C. Marsh by 
his collectors.S. W. Williston and E.W. Guild (alias E. S. 
Field) indicate that they concentrated on the upper pan 

.. because I.hey believed the hunting better, particularly in 
regard to the birds and pterosaurs for which 0. C. Marsh 
paid the most money. Whatever the reason, most fossil 
vertebrates have been collected from the upper part of the 

Smoky Hill Chalk Member and biosb'atigraphy is' of no 
use in detennining lhe relative slratigraphic position of 

•. these specimens. Therefore it is necessary co rely on the 
stratigraphic marker units. 

• • Hawn (1982) and· Russell (1929) both designated 
marker units which allow quick detenninadon of strati-
graphic position, and in many cases both authcn used the 
same markers. Markei- units identified by Russell (1929) 

. are based almost entirely on bentcnite sequences and are 
lettered, while dtose identified by Hallin (1982) also may 
include units of unusual lilhology and are numbered. In 
addition to the marker unilS, many other bentonites are 
readily recognizable and traceable in the field.· These are 
particularly useful in correlating small outcrop areas with 
larger outcrops nearby. In this paper Hattin's marker units 
are used when possible, but Russell's Mmker Unit H 
between Marker Units 17 and 18 also is used because it is 
readily identified and widely exposed. 

If the exact locality of a specimen is known~ one only 
needs to compare lhe exposme at the locality with the 
composite stratigraphic column ofHattin (1982). When 
the exact locality is not known or the exposure at the 
particular locality is of limited venical extent and between 
marker unilS, a number of nearby outcrops are examined. 
Despite some regional variations it is remarkable how 
unifonn the bentonite sequences are across the outcrop 
area in western Kansas. The uniformity makes precise 
correlations of outcrops possible. 

Pteranodon 
The utility of this method for inferring stratigraphic 

position from locality dara was examined with the ptero, 
saur Pteranodon. The postcranial skeleton is of no 
taxonomic value at the species level, and although 
Pteranodon .occurs in two size classes, this is sexual 
dimotJ)hism in size (Bennett, 1987). The skull appears to 
be taxonomically usefuJ at lhe species level; Five nominal 
species of Pteranodon are based on skulls, and lhey differ 
in the size and shape of the cranial crest and the angle 
between the occiput and the palate. The type skulls of 
Pteranodon longiceps, P. marshi, and P. eatoni have a 
reclined occiput that is plesiomorphic for pterodactyloids, 
while those of P. siernbergi and P. walkeri have a more 
upright occiput In !he absence of stratigraphic informa-
tion, it was hypothesized that the cranial morphology 
evolved from a reclined occiput to an upright occiput, and 
that a single species or lineage of Plerarwdon was present 

in the Smoky:Hill ChallcMembec. If this were the case, 
one would not expect the two morphologies to co-occur. 

In order to test the hypoth~s, fmding the strati-
graphic positions of the pertinent specimens was neces-
sary. The localities of the type skulls of Pteranodon as 
well as nearby outcrops were visited and str:atigraphic 
columns measw-ed. Localities are shown in fig. 1 and the 
stratigraphic colwnns are listed in appendix 1. The 
columns were compared to the composite stratigraphic 
column of Haui.n (1988), and sll'aligraphic positions of the 
outcrops were detennined. Finally a stratigraphic position 
or range from which the specimen came was detennined 
from the columns and any othec available information 
about the position or locality of the specimen. 

PteraNJdon walkeri-FHSM VP 221-This skull was 
collected by G. F. Sternberg from 2 mi (3.2 km) northeast 
of Penokee, sec. 13, T. 8S.,R. 24 W., Graham County, 



Kansas (Bardack. 1965). Locality SS in sec. 13. T. 8 S., R. 
24 W. has Marker Unit 18 in the middle of a 10-m (33-fi) 
exposure, and Localities S4 and 60 to the southwest and 
n011heast, respectively, are both a little lower (fig. 2). In 
dus case the exact locality is known and although the cxact 
horizon is not known, Che type skull must have came from 
within S m (16.S ft) above or below Marker Unit 18. . 

Pteranodon stunbergi-FHSM VP 339-This skull 
was collected by G. F. Sttmberg from sec. 12, T. 8 S., R. 
22 W., Graham County, Kansas, about l mi (1.6 km) west 
of Bogue and between Highway 24 and the south fork of 
the Solomon River (Bardack, 1965). An outcrop in the NE 
1/4 of sec. 12, T. 8 S., R. 22 W. has abundant remains of 
lnoceramus (Volviceramus) grandis. The presence of/, 
grandi1 indicares that the specimen is from Stewart's 
(1987) Biosi:ratigraphic Zone A or B and quilC low in the 
Smoky Hill Chalk Member. Marker Unit 4 is visible near 
the top of the approximately 8 m (26.4 km) of exposure 
and also is exJX>Sed in other nearby outx:rops. Allhough 
the exact horizon of the type skull is Wlknown, il must 
have come from approximately Marker Unit 4 or a short 
distance below. 

Pteranodon longiceps-YPM 1177-This skull was 
collected May 2, 1876, by S. W. Williston. Williston's 
1876 field notebook lists the locality as ''3 mi. NE of 
Monument Rocks in fine yellow chalk," and a map in the 
YPM archives shows lhat the specimen was collected on 
the west side of the first drainage east of Monument Rocks 
and about 3 mi (4.8 km) north of th~ Smoky HiU River. 
This •is approximately Locality 72. Comparison of mis 
locality. with Locality 37 to the southwest and Localities 
33 and 35 to the northeast shows that Locality 72 ranges 
from 4 m (13.2 ft) below Marker Unit 15 up almost to 
Marker Unit 16 (fig. 3}. At Locality 72, the chalk is gray 
from 1.5.m (5 fl) above Marker Unit 15. The fact the the 
skull was collected in yellow chalk while the chalk in the 
lower pans of the ex]X>sure is gray suggests that it came 
from at least 2 m (6.6 ft) above Marker Unit 15 and below 
Malker Unit 16. 

Pteranodon eatoni-YPM 1179-This skull was 
collected in 1875 by E.W. Guild (alias E. S. f.'ield) from 
the "Smoky Hill River, near Castle Rock." If near castle 
Rock can be taken to mean within a couple of miles, this is 
adequate to bracket the stratigraphic position. Hattin's 
(1982) Localities 18 and 19 are just south of and just north 
of Castle Rock, respectively. These two exposures range 
from approximately 3 m (10 ft) below Marker Unit 6 to 3 
m (10 ft) above Marker Unit 12. However, the chalk more 
than 5 m (16.5 ft) below Marker Unit 8 is dark gray. and 
the type skull is in pale-yellow chalk. Therefore, the skull 
was probably collected betwe.en 5 m (16.5 ft) below 
Marker Unit 8 and 3 m (10 ft) above Marker Unit 12. 

Pt~r(JN)don marshi-YPM 2594---This skull was 
collected July 20, 1877, by S. W. Williston from "near 
Smoky Hill River, Wallace Co." A chronological listing 
of all specimens colle.cted by the field party shows that 
lhey had been moving east from Russell Springs for a 
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FIGURE 2--Correlation of stratigraphic oolumns of localities in 
Graham County, Blaclc bands indicate benlonitcs, semru;, 
and in a few instances a change in lithology, white indicates 
chalk. Locllilies are numbered across the top md arranged 
in order from west 10 cuL The unnumbered column at right 
is the composi&:e strlligraphic column from Hattin (1982). 
Numbers (and lett=-) al right identify marker units. V e:rtical 
position in the figure ii not significant. 
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number of weeks and coilecled a mosasaur on Plum Ctt.ek 
in western Gove County also on July 20. The skull was 
presumably coJlected somewhere near there. Localities 33, 
35, and 42 are on either side of Plum Creek and indicate 
that exposures on PJum Creek are betwe.en Marker Units 16 
and 19 (fig. 3). Therefore, the skull was probably collected 
between those marker units. 
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A plot of the strati.graphic positions of the type skulls 
(fig. 4) shows Ehat skulls with upright occiputs are found 
1hroughout the Smoky Hill Chalk Member from Marker 
Unit 4 up to Marker Unit 18, while skulls with reclined 
oa:iputs occur between Marker Units 8 and 19. Therefore, 
the two mOJphoJogics co-occur. 

Discussion 
The stratigraphic dislribution shows that skulls with 

upright occiputs occurred throughout the Smoky Hill 
Chalk Member, and that skulls wilh reclined occiputs 
occurred with them in the upper part of the Smoky Hill 
Chalk Member. Because lhe two morphs co-occur they 
• cannot be early and late fonns of a single evolving species 
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FIGURE ~Inferred s1ntigraphic positions or ranges of type 
skulls of Pterarwdo11 plotted against the composice sirati• 
graphic colwnn &om Hauin (1982). 

or lineage and the hypothesis is falsified. The two morphs 
are probably separate species of Pteranodon lhat coexisted 
throughout at least pan of the time of deposition of the 
Smoky Hill Chalk Member, 

This study shows that it is possible to detennine the 
stratigraphic positions of specimens from the Smoky Hill 
Chalk Member from locality data even if they were 
collected over 100 years ago. When applied to even a 
small nwnber of specimens, the procedure can have the 
power to reject theories. 

While detennining I.he stratigraphic positions of other 
specimens not discussed in this paper, many other locali-
ties were visited and measured. Additional measured 
sections covering much of Logan County and part of Gove 
.County are included in figs. 3 and S-7. The pauem of the 
exposures is in1eresting, In the nonhwestem part of the 
exposures in Gove County (fig. 3) and much of Logan 
County (figs. 5 and 6) as well as in western Graham 
County (fig. 2), the zone between Markee Units 15 and 20 
is almost exclusively exposed. The rone between Marker 
Units 10 and 15 is exposed in places in eastern Logan and 
western Gove counties (Locality 18, Hattin's localities 22 
and 23), but the caprock (Marker Unit 10) and the chalk 
below appear IO be more widely exposed in lhose areas 
(fig. 7). This may be a result of a bias toward outcrops 
that are larger and easier to measure: other pans of the 
Smoky Hill ChaJk Member may be exrensively exPo5ed 
but in outcrops lhat are small and difficult to measure. On 
the other hand it is possible that the chalk between Marker 
Units 10 and 15 and above Marker Unil 20 erodes more 
easily and is not widely ex.posed. More study of this 
problem is needed. The apparently biased distribution 
suggests that a majority of the fossil vcnebrates colle.cted 
from the Smoky Hill Chalk Member came from a rather 
reslricted zone between Marker Units 1S and 20. This 
may have imponant implications for future studies of 
fossil vertebrates from the Smoky Hill Chalk Member. 



Conclusions 
Hattin {1982) stated that the comJ)Osite column and 

marw units made it possible to precisely detennine the 
stratigraphic positions of Smoky Hill Chalk Member 
oulerops. This paper shows that it is possible to detennine 
the siratigraphic positions of specimens .collected long ago. 
This teehnique should prove useful in studies of other ca,;a 

• from the Smoky Hill Chalk Member. In addition, this 
study demonstra~ that lhe marker units of Hattin (1982) 
do make it pos.sible for collectors to detennine the strati-
graphic· position of specimens; .Ninety years. ago, 
Williston (1897, p. 245) wrote, .. I need not call lhe 
auention of future collectors to the imponance of locating 
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the horizon of specimens more accurately than bas be.en 
done heretofore." For many years after lhat statement was 
made, the stratigraphy of the Smoky Hill Chalk Membel' 
was only poorly understood. We now have the means to 
do as Williston suggested, and all future collectm"S should 
record horizon and IocaJity as accuraiely as possible. 
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Appendix 1 
MEl.stnu;D STilATIOltAPHIC SecnoNS AT L0C,tJ.ftJl!S IN l'IOS. 2. J, AND 5-7. Au. M!WlllltEMBNTS IN CM. 

LocAun 1-W 1/2 of SW 1/4, sec. 15, T.15 S., R. 34 S .. Lo11an Cowity, Kansu Base 113,020 ft (906 m). Units 12-16 are Marker 
Unit 16. 

Ullit Description Tb.k:kne.u (cm) 

33 Yellow chalk to top of the outcrop -100 
32 Fenuginous seam 0.2 
31 Yellow chalk IS 
30, Fenuginous seam 0.2 
29 Pale chalk 3.8 
28 Ferruginous seam 0.3 
27 Yellow chalk 12 
26 Ferruginous seam 0.2 
25 Yellow chalk 46 
24 Ma.ssiYe white chalk-forms resistant ledge IS 
23 Yellow chalk S6 
22 MassiYe white chalk-forms slight ledge 16 
21 Tan silty chalk seam 0.8 
20 Massive white chalk 2 
19 Yellow chalk -635 
18 Fenuginous seam 0.8 
17 Yellow chalk 56 
16 Fenuginow seam 03 
15 Yellow chalk 21.S 
14 Fenuginous seam 0.2 
13 Yellow chalk 7 
12 Fmuginous seam 1.5 
11 Yellow chalk 86 
10 Ferruginous seam 03 
9 Yellow chalk 76 
8 Ferruginous seam-fonns prominent reenttant 1.5 
7 Yellow chalk 34 
6 Ferruginous seam 0.2 
5 Yellow chalk 213 
4 Ferruginous seam 0.3 
3 Yellow chalk 48 
2 Ferruginous/gypsiferous seam 0.8 
1 Massive yellow chalk 167 

Tow thickness of measured ,ection l,045.4cm 

LocAt.m 6-S 1/2 of line between 17 and 18, T. 15 S., R. 34 W., Logan County, Kansas. Bue at 3,010 ft (903 m). Units 1-2 
are Marker Unit 15. 

Unit Description Thk:kness (cm) 

21 Yellow chalk to top of outcrop 305 
20 Bentonite 0.6 
19 Massive chalk 51 
18 Ferruginous seam-locally expanded to 2.5 cm by selenite 0.6 

51 



52 

17 Yellowchallc 147 
16 Gypsiferous seam-locally altered ta scleniie and may have local liznonitic inclusions 3 
15 Chalk 109 
14 Bentonite unit-2.S cm of oranie IO red-brown clay expanded by l)'.PSWD and iron oxide 12.7 
13 Chalk 102 
12 Bentonite 3.8 
11 Chalk 29 
10 Bentonite 3 
9 Graychallc 235 
8 Ferruginous se.am--Jocaily expanded IO l cm by selenite 0.1 
7 Tanchi!lk . 185 
6 Gypsiferous seam 2 
s Tan chalk 14 
4 Bentonire-locally expanded by selenite 2.S 
3 Gray chalk 201 
2 Bentonite un.it-1 c:m of white clay surrounded by iron ollidc 3 
1 Ught BflY chalk 46 

Tolal thickness of measured scc;:tion 1,455.3 cm 

LocAun- 7-NWl/4, sec. 13, T. 15 S., R. 35 W., Logan County, Kansas. Base at 3,050 ft (915 m). Units 13-14 ue part of Marker Unit 
16. 

15 
14 

13 
12 
11 
10 
9 
8 
7 
6 
5 
4 

3 
2 

Description 

Yellow chalk to top of outcrop 
PA!e-cream-colored chalk-in fresh chalk it is an indistinct 2.5-ctn seam of 

powdery gypsum 
Yellow chalk 
Unit-two fe:rruginous/gypsiferous scams separated by 0.8-cm gray cJ\allc 
Graychal~ 
Femiginous seam-locally produces large limonitic inclusions up to 6.S cm thick 
Gray chalk 
Ferruginous/gypsifuous seam 
Gray chalk 
Bentonite 
Gray chalk 
Bentonite unit~ cm of gray, yellow, and oraJJge clay eXpanded by iron oxide 

and gypsum 
Gray chalk 
Ferruginous/gypsiferous seam 
Gray chalk 

Total 1hiclcness of measured section 

Thlcknes.s (cm) 

30.5 

6.4 
23 
lA 

60 
1.5 

100 
0.8 

153 
2.5 

114 

12.7 
117 

LS 
6,1 

685.6cm 

l..ocAu,y S.-Butte in NE 1/4 of SE 1/4, ~- 11, T. 15 S., R. 35 W., Logan County. K1111Sas. On the north or upside of a fault. B~e at 
3,100 ft (930 m). Units 20-22 &re Marker Unit 18. 

UnJt 

31 
30 
29 

Description 

Yellow chalk 10 the top of the outcrop 
Ferruginous/gypsiferous seam 
Yellow chalk 

Tblckbess (cm) 

3.2 
21 
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28 Bentonite 6,4 
27 Massive yellow dtalk 119 
26 Ferruginous/gypsiferous seam 2.S 
25 TandULlk 2.9 
24 Seam 0.6 
23 Yellow chalk 61 
22 Bentonite unit-8.S cm of silty chalk expanded by gypsmn and iron oxide, 

forms a major reentrant 11.4 
21 Chalk 61 
20 Bentonite 6.4 
19 TandULlk 160 
u Ferruginous/gypsiferous scam 2.5 
17 Massive gray chalk 132 
16 Ferruginous/gypsiferous seam-crops out as selenite 25 
15 Gray chalk 32 
14 Bentonite 6.1 
13 Gray chalk-forms a rounded cap an ouiaop 109 
12 Bentonite 4.4 
1l Pille-ran chalk 28 
10 Seam 0.6 
9 Gray chalk 26 
8 Fenuginous/gypsiferous seam 1.8 
7 Gray chalk 21 
6 Ferruginous seam 1.4 
5 Gray chalk 23 
4 ·Bentonite 4.4 
3 Gray chalk 18 
2 Fenuginous seam 2 
1 Oraychalk 61 

Total thickness of measured section 931.7 cm 

l..ocALm 9-Small butte in NE 1/4 of NE 1/4, sec. 5, T. 15 S., R. 35 W., Logan County, Kansas. Biue at 3,090 ft (927 m). Units 1-2 
are part of MBJker Unit 18 and units 18-22 ue Marker Unit 19. 

Unit Descrlpdon Thickness (cm) 

23 Yellow chalk to top of bluff 
22 Bentonite 7 
21 Yellow chalk 16.5 
20 Femiginous seam 0.6 
19 Yellow chalk-a seam cropping oul as selenite lies 44 cm above bottom 70 
18 Fenuginous/gypsiferous seam 4.4 
17 Tan chalk 2.5 
16 Gypsiferous seam-wilh iron oxide fibn al bouom. 1 
15 Massive yellow chalk 71 
14 Bentonile--c:rops out as a selenite 3.8 
13 Massive yeUow chalk 105 
12 Ferruginous seam 0.5 
11 Yellow chalk-a seam lies 21 em abo"e bottom 86 
10 Ferruginous/gypsiferous seam-crops ou1 as a sclcnile ledie 2.5 
9 Yellow chalk 79 
8 Ferruginous/gypsiferous seam 2.5 
7 Yellow chalk 32 
6 Bentonite unit-1.1 cm of waxy gny clay expanded by gypsum and iron oxide 5.1 



S4 

s 
4 
3 
2 

Yellow chalk 
Bentonite unit-1.2 cm of gray clay expanded by gypsum and iron oxide. 
Yellow chalk 
Bentonii.e unit-gray, olive. and tan clays, expanded by iron oxide 
Chalk 

Tow thickness of measured section 

142 
2.S 

76 
14 
91 

841.9cm 

LocALr1'Y 10--West 1/2 of line between secs. 6 and 7, T. tS S., R. 3S W .. Logan County, Kansas. Base at 3,150 ft (945 m). Units 20-
22 are Marker Unit l 8. 

Unit 

23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
s 
4 
3 
2 

Description 

Chalk to top of the outcrop 
Bentoniie unit-7.S cm of gray clay, expanded by iron oxide and gypsum 
Chalk 
Bentonice unit-4.3 cm of red-brown clay between powdery gypsum 
Gray chalk 
Ferruginous/gypsiferous seam 
Massive yellow chalk 
Seam-crops out as selenite 
Massive yellow chalk 
Seam-crops our as selenite 
Massive yellow chalk 
Seam-crops out as selenice 
Massive yellow chalk 
Ferruginous/gypsiferous seam 
Yellow chalk-a 1-an gypsiferous seam lies 25 cm above the bottom 
Ferruginous/gypsiferous seam 
Gray chalk 
Ferruginous/gypsiferous seam 
Gray chalk . 
Ferruginous/gypsiferous seam 
Gray chalk 
Ferruginous seam 
Gray chalk 

Tow thickness of measured section 

Thickness (cm) 

10 
61 

S.1. 
178 

3.2 
85 
2 

55 
2. 

14 
2 

36 
3;8 

117 
3.8 

32 
l.4 

25 
2 

23 
,2 

30 

693.9 

l.oc:AurY 13-Nonhend of line between secs. 20 and 21, T . 13 S., R. 34 W., LoganCoumy, Kansas. Base at2,920ft(876m). Units 
4--8 are Marker Unit 19. 

Unit Description Thkknesa (cm) 

11 Yellow r.ilalk to top of lhe outcrop 
10 Seam 0.3 
9 Yellow chalk 60 
8 Bentonite 3.4 
7 Yellow chalk 14 
6 Seam 0.5 
5 Yellow chalk 63.5 
4 Unit--two ferruginous seams, the lower 0.2 cm and upper 0.5 cm thick, 

separated by chalk 2.2 



: .,.,; 
·· :.· 

3 
2 
1 

Yellow chalk 
Femiginousaeam 
Yellow chalk 

Total lhiclcness of measured soction 

58 
0.3 

89 

291.2 

ss 

l..ocALnY 14-SE 1/4ofSW 1/4, sec. 10, T. IS S., R. 36 W .. Logan County, Kansas. Ba:e at3,210 ft (963 m). Units 18-24are Marker 
Unit 19 and uniu 4--6 are Marker Unit 18. 

Unit 

25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 

11 
10 

9 
8 
7 
6 

5 
4 
3 
2 
1 

DescrtpUon 

Yellow chalk to top of lhe outcr0p 
Fcauginous seam 
Yellow chalk 
Ferruginous seam 
YeUow challc 
Fem:iglnous seam 
Yellow ·chalk 
Ferruginous seam 
Yellow chalk 
Ferruginous seam 
Yellow chalk 
Fcrruginous seam 
Yellowcha]k 
Bentoniie unit-4.4 cm of dark-gray to brown silty chalk dtal weathers sha.Jy, 

expanded by gypswn and iron oxide; forms a reentrant 
Gray chalk 
Beni.oniae unic-1.7 cm of gny clay and flaky, waxy gray maJerial, expanded by 

gypsum, fonns a reentrml 
Gray chalk 
Dark-gray seam 
Chalk 
Bentonite unit-I 0.2 cm of dark-gray to red-brown clay, expanded by gypsum, 

produces a major Tea'ltranl 
Gray chalk 
Ferruginous/gypsiferous seam 
Gray chalk-a 10~-thick band of darker gray chalk lies 94 cm above bottom 
Bentonite 
Gray chalk 

Total thickness of measured section 

Thickness (cm) 

I 
3.8 
1 

20 
0.8 

84 
0.5 

81 
0.5 

48 
o.s 

1.17 

13 
170 

11 
86 
0.6 
3.8 

UA 
635 
3.2 

190 
2 

91 

1,163.6cm 

locAUlY 16--Small exposure just south of Twin Butte Creek on line between SE 1/4 and SW 1/4, sec. 33, T. 14 S., R. 35 W., Logan 
County, Kansas Base at 3,040 ft (912 m). 

Unit 

11 
10 
9 
8 
7 
6 

Description 

Yellow chalk to top of the outcrop 
Bentonite unit-2-cm gray clay, expanded by iron oxide and gypsum 
Yellow chalk 
Seam-crops out as a selenite seam with occasional limonitic inclusions 
Yellow chalk 
Ferruginous/gypsiferous seam-<rops out as limonilic ledges 

Thickness (cm) 

61 
14 

109 
1 

31 
2 
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s 
4 
3 
2 
1 

Yellow chalk 
Feauginous/gypsiferous seam 
Yellow chalk 
Darlcer gay chalk-wealhers slightly shaly 
Gray chalk 

Total thicialess of measum:I section 

132 
1.7 

16.5 
37 
91 

496.2cm 

LocAt.m-.17-SW 1/4, sec. 20, T. 14 S., R. 33 W., Logan County, Kans~. Base at 2,880 ft (864 m). Uniu 2-4 are Marker Unit 18. 

Unit 

17 
16 
IS 
12 
11 
10 
9 
8 
7 
6 
s 
4 
3 
2 
1 

Description 

Chalk IO top of the outcrop 
Oypsiferous seam-wilh gray inclusions. crops out u selenite ledge 
Yellow chalk . 
Gypsiferous seam-crops out u selenite ledge 
Yellow challc 
Oypsiferous ~am-crops out as selenite ledge 
Yellow chalk 
Bentonite 
Chalk 
Seam-produces a minor reentrant 
Yellow chalk 
Bentonite unit---8.9 cm of pale-gray clay expanded by iron oxide and gypsum 
Yellow chalk 
Bentonite unit-gray clay expanded by gypswn and iron otjde 
Y cllow chalk 

Total lh.iclcncss of measured section 

Tblckllea (cm) 

2.5 
256 

3.8 
22 
3.8 

125 
3.2 
S.1 
0.2 

61 
11.4 
41 

6.7 
122 

663.7cm 

l..ocALnY 18--Small outcrop south of Twin Butte Creek in E 1/2 of SW l/4, sec.13, T. 15 S., R.34 W., Logan County, Kansas. Base at 
2,950 ft (88S m). Unit 8 are Marker Unit 13. (Nol illus1rated.) 

Unit Description Thickness (cm) 

11 
10 
9 
-8 

7 
6 

5 
4 
3 
2 

Yellow chalk to 10p of Ifie outcrop 
Scam-with occasional limonitic inclusions 
Yellow chalk-with occ~ional Jimonitic inclusions, commonly around i.noceramids 
Unit-two ferruginous seams. the upper 0.4 cm and the lower 0.7 an separaled by dtalk. 

produces a reentrant 
Yellow chalk 
Ferruginous scam-locally thickens to l cm or includes selenite, produces small 
limonilic inclusions 
Yellow challc-with nume:rous Jnoceramu.s balticus shells 
Ferruginous SCarn--jJJ'Oduces many small lwonitic inclusions 
Yellow chalk 
Seam-invisible in fresh chalk, bu1 produces limonilic inclusions where weathered 
Y cllow chalk 

Tow thickness of measured section 

0.2 
103 

s 
184 

0.3 
109 

2 
30.5 
0.0 

152 

585.9 cm 
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J...oc;.un 19-1..ittle Pyramids, at eas, end or line between secs. 11 and 14, T.15 S., R. 33 W., Logan County, Kansas. Base at 2,780 
ft (834 m). Uniu 8-9 are probably Marker Unit 9. 

Unit 

12 
11 
lO 
51 
8 
7 
6 
s 
4 
3 
2 
l 

Description 

Yellow chalk 10 the top of the outcrop 
Seam-visible as a tine line on outcrop 
YeUow chalk 
Seam-a-ops out as a selcnif.e seam with occa.sional limonitic inclusions 
Yellow ch&lk 
Gray chalk 
Faruginous/gypsiferous seam 
Oraychalk 
Bcntonite 
Gray chalk 
Paler, less laminated band 
Gray chalk 

Total thickness of measured section 

Thickness (cm) 

183 
0.0 

170 
0.4 

71 
158 

1 
43 

1 
31 
10 

120 

788.4cm 

l...ocALrrY 20-SE 1(4 of NE 1/4, sec. 1, T. 15 S., R. 33 W., Logan County, Kansas. Base at 2. 730 ft (819 m), 

Unit 

8 
7 
6 
5 
4 
3 
2 
1 

Description 

Gray chalk to top of the outcrop 
Ferruginous/gypsif erous seam-produces limonitic inclusions 
Gray chalk. 
Bentonite unit-0.4 cm of 8f•Y clay expanded by iron oxide and gypsum 
Gray chalk 
Harder, pale-gray band 
Gray chalk 
Ferruginous seam 

Total thickness of measured section 

ThJckaess (cm) 

305 
1 

47 
1.3 

41 
7.6 

141 
1.5 

~5.4cm 

LocAurY 21-Eastend of line between secs. 26 and 35, T. 14 S., R. 33. W., Logan County, Kansas. Base at2,7SO ft(825 m). Units 5-
9 are Marker Unit 9. 

Unit Description • Tbkkness (cm) 

14 Yellow chalk IO top of outcrop 610 
13 Femiginous/gypsiferous seam 2 
12 Yellow chalk 46 
11 Gypsiferous seam 2 

10 Gray IO yellow chalk 71 
9 Selenite seam-4>etween thin films of iron oxide 1.5 
8 Gray chalk 51 
7 Paler, less laminated chalk 13 
6 Gray chalk 38 
5 Bentoniie unil"4'ale-gray clay expanded by iron oxide 1.3 
4 Gray chalk 140 
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3 
2 
1 

Bemonite 
Gray chalk 
Fcrruginous/gypsiferous seam-produces limonitic inclusions 

Total thickness of mea.sured scc:tion 

0.3 
41 
0.3 

1,018.4 cm 

l..ocJ.uTr 23-Tiny ouk:J<>pjustnorthofroad on W 1/loflinc between secs. 18 and 19, T.13 S., R. 33 W., Logan County, Kansas. 
Base at 2,900 fl (870 m}. Units 1-4 are part of Marker Unit 19. 

Unit 

9 
8 
7 
6 
5 
4 
3 
2 

Description 

Massive yellow chalk IO top of dte ouicrop 
Ferruginous seam 
Massive yellow chalk 
FerruginouJ seam 
Massive yellow chalk 
Unit---tWo 0.5-cm fenuginous seams separated by chalk 
Massive yellow chalk 
Scam 
Massive yellow chalk 

Thickness (cm) 

St 
o.s 

48 
O.!i 

62 
3.5 

18 
0.0 

38 

Toul thickness of measured section 221.5cm 

LocAt.m 24-Six-Mile Creek just north of two small bunes in W 1/2 of NW 1/4, sec. 23, T. 13 S., R. 34 W.,Logan County, Kapsas. 
Base at 2,940 ft (882 m). Units 1--4 are pan of Marker Unit 17, units 26-28 are Marker Unit 18, and units 36-40 are Marker Unit 19. 

Unit 

43 
42 
41 
40 

39 
38 
:37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
21 
26 
25 
24 
23 
22 

Description Tbkknea (cm) 

_Yellow chalk IO top of lhe outcrop 
Fmuginous seam 
Massive yellow chalk 
Unit-two 0.5-cm iron oxide seams separated by chalk 

Yellow massive chalk 
Scam 
Yellow massive chalk 
Unit-two ferruginous seams, the upper 0.5 cm and the lower 0.3 cm, separated by chalk 
Massive yellow cbalk-scams lie at 79, 140. and 185 cm above lhe bottom 
Seam 
Massive yellow chalk 
Ferruginous seam-produces a sharp reentrant 
Yellow chalk 
Scam 
Yellow c:hallc 
Bcntonile unit-4 cm of can clay and silty chalk, expanded by gypsum and iron oxide 
Gray chalk 
Ferruginous/gypsfferous seam 
Gray chalk 
Bentonii.e 
Gray chalk 
Fenuginou~gypsiferous scam 

·o.s 
66 
3.8 

18 
0.4 

68 
25 

66 
0.4 

224 
3.2 

117 
2 

61 
12 
41 
5.2 

94 
2.9 

119 
4.4 



21 
20 

19 
18 
17 
16 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 

Gray chalk 
Beruoniie unit-crops out as two closely spa.ced liniorutic ledges 

Gray chalk 
Seam 
Oray chalk 
Seam 
Gray chalk 
Seam 
Graych.illc 
Bentoruie unit-4.2 cm of orange material, expanded by iron oxide 
Gray chalk 
Ferruginous seam 
Gray chalk 
Bentonite unit-3.S cm ofrnix.ed yellow and gray clay, expanded by iron oxide 
Gray chalk 
i3entonite 
Gray chalk 
Femiginous seam 
Gray chalk 
Ben!Onite 
:Gray chalk 

Total thickness of measured section 

58 
4.1 

13 
0.2 

13 
0.2 

13 
0.2 

14 
5.2 

15 
1 

25 
4A 

36 
2.S 

52 
o.s 

14 
1.5 

91 

1,275.1 cm 

J...oc,u.ny 26-Small areajusc west of road in NE 1/4 of SE 1/4, sec, 20, T. 13 S.,-R. 35 W., Logan County, Kansas. Base at 2,930 ft 
(879 m). Uruts 2-10 are Marker Unit 17 and units 12-28 are Marker Unit H. 

Unit Description nlckness (cm) 

31 Gray chalk 92 
30 Tan clay seam----aops out as a 1.5-cm selenite ledge 0.5 
29 Gray chalk 25 
28 Bentonite 3.2 
27 Gray chalk 93 
26 Bentonite urrit.....,-0.9 cm of gray clay expanded by iron oxide 3.5 
25 Gray chalk 28 
24 Ferruginous seam 0.6 
23 Gray chalk 23 
22 Ferruginous/gypsiferous seam 1.5 
21 Gray chalk 19 
20 Ferruginous seam 0.6 
19 Gray chalk 20 
18 Bentonite unit-2.8 cm of orange cl_ay expanded by iron oxide 4.4 
17 Gray chalk 20 
16 Bentonit.e 1.3 
15 Gray chalk 37 
14 Bentonite 3.8 
13 Gray chalk 52 
12 Bentonite 2 
11 Gray chalk 69 
10 Gypsiferous seam-locally may C(lntain iron oxide O.S 
9 Gray chalk 19 
8 Ferruginous seam-wilh a few limonitic inclusions 0.5 
7 Gray chalk 27 

59 
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6 

5 

4 

3 

2 
1 

• 

Fenuginous seam-with limonitic inclusions 

Gray chalk 

PenuginoUJ seam-with limonitic inclusions 

Gray chalk 

Fmuginous seam 
Oraychalk 

Tol&I thickness of measured ,~uon 

0.8 

6.4 

0.5 

22 

o.s 
122 

698.6cm 

l...ocALnY 27-W 1(). ofNW 1/4, sec. 19, T. 13 S., R. 35 W., ~gan County, Kansas .. Base at 2,980 ft!(894 m). Unilii: !-4 -~ p,rt-of 
Marker Unit 19. 

Unit 

9 
8 
7 
6 
5 
4 

3 
2 

Description 

Yellow chalk to top of the outcrop 
Seam 
Massive yellow chalk 
Seam 
Massive yellow chalk 
Unit-two felT\lginous seams, the upperO:S cm and thelowcr'0.3 cm lhitk, 

separated by chalk 
Yellow chalk 
~earn--crops out as a I-an-!hick selenite ledge 
'i' ellow chalk 

'Tow thickness of measured section 

Tblckneu (cm) 

46 
0.5 

41 
·0.5 

53 

3.3 
15 
o.s 

91 

250;8 cm 

Loc:Au,y 28-Just south of Hwy. 25 on line between secs, 27 and 28, T. 13 S .. R. 36 W., Logan County, Kansu. Base at 3,070 ft 
(921 m). Units 14-18 are Marker Urut 19. 

Unit 

23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 
9 
8 
7 

Description 

Yell ow chalk to top. of the outcrop 
Tan seam--a"Ops out as selcnile ledge 5 cm thick 
Massive yellow chalk 
Tan clay se11111--crops out as selenite ledge 
Yellow chalk • 
Dark-tan silty seam - crops out 115 selenite ledge 2.5 cm thick 
Yellow chalk 
Gypsiferous seam-crops out as selenile ledge 2.5 an thick 
Y cllow chalk 
Fcrrugi:nous/gypsiforou, seam--<:rops out as lhiclc. selenite ledge 
Yellow chalk 
Selenite seam 
Yellow challc 
Selenite seam 
Chalk-bonom half gray and top half yellow 
Bentonile unil-2.1 cm of pale-gray silty clay, expanded by iron oxide and gypsum 
Yellow and gray chalk 142 

Tbkkoess (cm) 

91 
1 

43 
1 

69 
1 

16.5 
0.8 

75 
3.8 

254 
2.5 

79 
2.5 

29 
7 
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6 Oypsiferou.s seam 2.5 
5 Chalk 4 
4 Seam 0.5 
3 Chalk 1.2 
2 Seam 2 
1 Gray and yellow chalk 31 

Total thickness of measured section 859.3cm 

l..ocAurY 29-Small ou1crop on S side of lhe Smoky Hill River in N 1n. of SE 1/4, sec. 24, T. 13 s .. R. 3 7W .. Logan County, Kansas. Base 
at 3,050 ft (915 m). Units 10-14 .re Marker Unit 19. 

Unit 

17 
16 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
s 
4 
3 
2 

Description 

"Yellow chalk lO topoflheoutcrop 
Ferruginous seam--crops out as selenite 
Yellow chalk 
Unit-two 2-cm ferruginous seams separated by chalk 
Gray chalk 
Bentonite 
Gra.ychalk 
Unit-two l .5~ fenuginous seams separated by chalk 
Gray chalk 
Fenuginous/gypsiferous seam-crops out as a selenite ledge 
Gray chalk 
Seam-crops out as a 2-cm .selenite ledge 
Gray chalk 
Ferruginous seam 
Gray chalk 
Bentonite unit-2.8 cm of orange clay expanded by iron oxide 
Gray chalk 

Total thickness of measured section 

Tbkkness (cm) 

39 
1 

80 
7 

22 
2.9 

&4 
5.1 

81 
2.5 

201 
0.5 

94 
0.8 

38 
3.8 

91 

753.6cm 

Loc.w1Y 32---Monument Rocks. NW ]/4 of SW 1/4, sec. 34, T . 14 S., R. 31 W .. Gove CoWlty,Kansas. Base at 2,650 ft (795 m). 
Units 6--t! are Marker Uni1 9. 

Unit Description Thickness (cm) 

16 Chalk 10 1op 
15 
14 

13 
12 

11 
10 
9 
8 

7 
6 

Gray and tan chalk-with .occasional bands of paler, less l.ammated chalk 
Ferruginous/gypsiferous seam 

Gray chalk 
Fenuginous/gypsiferous seam 

Gray chalk-a paler band 10 cm thick lies 29 cm above bottom 
Ferruginous/gypsiferous seam 
Gray chalk 
Bentonile unit-1.2 cm of gray clay, expanded by gypswn and iron oxide 

510 
0.5 

46 
2 

72 
0.4 

102 
2.6 

Gray chalk- paler, less laminated chalk band 13 cm !hick lies 40 cm above the bottom 105 
Ferruginous/gypsiferous seam 2.5 
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5 
4 
3 
2 
1 

Onychalk 
Femiginous/gypsiferous seam 
Gray chalk 
Oypsiferous seam-with 0.1 cm iron oxide in the middle 
Gray chalk 

144 
0.7 

45 
0.5 

52 

Total thickness of measured section 1,t8S.2cm 

locAt.nY 33-Middle ofNE 1/4, sec. 24, T. 14 S., R. 3 J W., Gove County, Kansas. Base 111,820 ft (846 m). Unit 1 is part of Marker Unit 
18 and units 17-19 are Marker Unit 19. 

Unit 

20 
19 

18 
17 
16 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
s 
4 
3 
2 

Description 

Chalk to 10p of the outcrop 
Unit~wo femi.ginous seams, the upper 0.8 cm and the lower 0.2 cm 

separated by chalk, forms a reentrant 
Yellow challc 
Fem:iginous seam . 
Yellow chalk 
Ferruginous seam 
Yellow chalk 
Fenuginous seam 
Yellow chalk 
Hard white chalk seam 
Yellow chalk 
Selenite seam 
Yellow chalk 
Bentonite 
Yellow chalk-
Seam-<:rops out as selenite 
Yellow chalk 
Seam-crops out as selenite 
Yellow chalk 
Bentonite unit-12 cm of mixed tan, gray, and very pale gray clays, expanded 

by iron oxide 

Tow lhiclcness of measured section 

Thickness (cm) 

4.S 
97 
0.5 

75 
0.5 

42 
0.5 

135 
0.5 

81 
3 

36 
5.1 

1.57 
1.5 

·9 
0.4 

76 

13 

737.5cm 

1...oc.u.trY 35-Steep south-facing cliff in SW 1/4 of SE 1/4, sec. 20, T. 14 ·s., R. 30 W., Gove County, Kamas. Base at 2,810 ft (843 
m). Units 3-19 are Marker Unit H. units 23--25 are Marker Unit 18, and units 42-45 are Marker Unit 19. 

Unit Description Thickness (cm) 

52 Yellow chalk to rop of the outcrop 
.51 Unit-4WD ferruginous seams, the upper 2.5 cm and the lower 0.5 cm, separated by chalk 5.6 
50 Massive yellow chalk 71 
49 Seam 0.1 
48 Massive yellow chalk 53 
47 Seam 0.1 
46 Ma5sive yellow chalk 71 
45 Unit-4wo seams. the upper tan clay 0.7 cm and the lower 0.3 thick, separated by chalk. 

produces a reentrant 4.8 
44 Yellow chalk 24 
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43 Seam 0.0 
42 Yellow chalk 80 
41 White chalk seam 2 

40 Yellow chalk 72 
39 Seam 0.1 

38 Yellow chalk 46 
37 Gypsiferous seam 0.2 
36 Yellow challc-a se.am lies 76 cm aboYe the lxmom 130 
35 Seam 0.1 

34 MassiYe yellow clialk . 78 
33 F=ginous seam 0.5 
32 Ma.ssive yellow c:halk 37 
31 Duk-brown clay seam~uces a reentrant 5.1 
30 Massive yellow chalJc 173 
29 Ferruginous seam 2 

28 Massive yellow chalk 7 
27 Seam 0.1 
26 Massive yellow chalk 75 
25 Tan clay seam--produces a reentrant 11 

24 Yellow chalk 49 

23 TM clay seam 6.4 

22 Yellow chalk-wea.lhers orange 165 
21 Bentonite unit-2 cm of gray clay. expanded by iron oxide and gypsum 3.6 

20 Massive yellow chalk-a 0.8-cm forruginous scam lies 108 cm above the bottom 182 
19 Ferruginous/gypsiferous seam 4.9 
18 Yellow chalk 98 

17 Bentonite unit-1.5 cm of gra.y c)a.y expanded by iron oxi~ and gypum 4.2 
16 Yellow chalk 24 
15 Bentonite unit-0.5 cm of gray c::Iay expanded by gypsum 3.!i 

14 Yellow chaJJc 20 
13 Fmuginow/gypsiferous scam 3.2 

12 Y cllow chalk 19 

11 Ferruginous/gypsiferous seam 2 
10 Yellow chalk 25 
9 Bentonite unit-2 cm of pale gray clay, expanded by iron OJdde and gypsum 6 

8 Yellow chalk 18 
7 Ferruginous/gypsiferous seam 3 
6 • Yellow chalk 38 
5 Bentonite 2.8 
4 Yellow chalk 47 
3 Fcrruginous/gypsiferous seam 2.5 
2 Yellow chalk 10 
1 Ferruginous seam 0.6 

Total thickness of measured section 1,686.4cm 
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I..ocwrt 37-0utcrop north of and higher than Monument Roclcs in NW 1/4 of SE l/4, aec. 28, T. 14 s .. R. 31 W., Gove County, 
Kansas. Base at 2,710 ft 9813 m). Units 13-23 1re Marker Unil 17. 

Unit 

34 
33 

Description 

Musive yellow chalk to iop of the outcrop 
Seam 

T.IIJckness (em) 

-100 
o.s 

32 Massive yellow chalk-seams lie at 10, 36, and 52 cm above lhe bouom 18 
31 Un.it-two I ..cm f emigirlous/BYJlsiferous seams ~parated by chalk, fonns a Rmtrant .6 
30 Massive yellow 119 
29 Unit-two 2.5-cn brown silty seams separated by soft dark W1 chalk, produces a reenirant 7.5 
28 Massive yellow chalk 100 

27 

26 
25 

24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 

12 
11 
10. 
9 
8 
7 
6 
5 
4 
3 
2 
1 

Selenite seam 

Massive yellow chalk 
Selenite seam 

Musive yellow chalk 
Seam 
Massive yellow chalk 
Seam 
Massive yellow chalk 
Seam 
Massive yellow chalk 
Seam 
Massive yellow chalk 
Seam 
Massive yellow chalk 
Gypsiferous seam-with mm oxide films al cop and bonom 

Massive yellow chalk 
Seam-invisible in fresh chltlk. crops out as a selenite ledge 
M~ive yellow chalk-a 0.5-cm seam lies 41 cm above the bottom 
Bentonite unit-4.9 cm of brown clay expanded by selenite 
Yellow chalk 
Bentonite 
Yellow chalk 
BenLOnite 
Yellow chalk 
Oraychalk 
Selenite seam 
Gray chalk 

Total lhickness of melSUl'ed section 

2.9 

S7 
2.9 

47 
0.4 

25 
0.4 

37 
0.4 
6 

·0.4 
18 
0.4 

23 
0.5 

28 
0.0 

140 
10 
66 

1.8 
S2 
3 

27S 
180 

2 
• 25 

1,315.1 cm 

l..ocALnY 38-Small bluff in W 1/l of NW 1/4, sec. 6, T. 15 S., R. 29 W., Gove County, Kansas. Bue at 2,660 ft (7~8 m). 

Unit Descrlpt1on TblckntSS (cm) 

13 Yellow chalk l0 top of the outcrop -300 
12 Seam 0.1 

11 Massive yellow chalk 23 
10 Seam 0.1 
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9 Massive yellow chalk 38 

8 Seam 0.4 
7 Yellow chalk---unit has lots of PseUIJ.operM 46 
6 Soft reddish band - forms a reentrant 7.6 
s Yellow chalk-urut has lots of Pseiulopernll 81 
4 Fa-ruginous seam 1 

3 Yellow challc--unit has lots of Pseudcperna 83 

2 Femiginous seam 0.5 
I Yellow chalk 108 

Total thickness of measured section 688.7cm 

Loc:ALITY 42-Small bune in SW 1/4 of NW 1/4, sec. 35, T. 14 S., R; 30 W., Gove. County, Kansas. Base at 2,770 ft (831 m). • Units 15-
21 are Marker Unit 16 and units 42-49 are-Marker Unit 17. 

Unit Description Thickness (c:m) 

so Yellow chalk to top o-f the outcrop 
49 Seam 0.4 
48 Yellow chalk 28 
47 Seam 0.4 
46 Yellow chalk 25 
45 Seam 0.4 
44 Yellow chalk 10 
43 Seam OA 
42 Yellow chalk 31 
41 Seam 0.4 
40 Yellow chalk 85 
39 Fenuginous seam---praduces an 8.9-<im reentrant 2.5 
38 Yellow chalk 78 

37 Seam 0.5 

36 Yellow chalk 47 
35 Seam 0,4 
34 Yellow chalk 25 
33 Seam 0.4 
32 Yellow chalk 57 
31 Unit-two 0.3-.cm femiginous seams separated by 11.4 cm of chalk. 4 an alx,ve 

the lower seam is a faint ferruginous seam 12 

30 Yellow chalk-the upper pan is tinged with red 90 

29 Fenuginous seam 0.1 
28 Yellow chalk 97 

27 Ferruginous/selenitic seam-produces a reentrant 0.3 

26 Yellow chalk 55 
25 Ferruginous seam-produces a reentrant 0.7 
24 Yellow chalk 7.6 
23 Seam 0.4 
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22 Yellow chalk 20 
21 Semi 0.4 
20 Yellow chalk 35 
19 Seam 0.4 
18 Yellow chalk 17 
17 Seam 0.4 
16 Yellowchalk 9 
IS Fenuginous clay seam 2 
14 Yellow chalk 141 

13 Ferruginous clay seam-produces a reentrant 1 
12 Yellow chalk 32 

11 ferruginous seam· 0.5 
}0 Yellow chalk 9.5 
9 Femiginous seam 0.1 
8 Yellow chalk 60 
7 Ferruginous scam 0.1 
6 Yellow chalk 77 
5 Ferruginow seam 0.1 
4 Yellow chalk 61 
3 Clay seam 1.5 
2 Yellow chalk 86 
1 Ferruginous seam 0.2 

Total lhiclcness of measured section 1,209.1 cm 

l...oCA1.rrY 44-Small outcrop in NW 1/4 of SW 1/4, sec. 32, T. 12 S.,:R. 28 W., GeveCollllty,-Kansas. Base at 2,640 ft (792 m). 
Units 1-11 are pan ofMarke:r Unit H. 

Unit 

18 

17 

16 
15 

14 
13 
12 
.11 
10 
9 

8 
7 
6 
5 
4 
3 
2 

Description 

Massive yellow chalk to lhe top oflhe outcrop 

Clay seam 

Massive yellow chalk 
Soft orange chalk 

Massive yellow chalk-fonns ledge 
Ferruginous seam • 
Yellow massive chalk 
Seam-locally selenitic 
Yellow challc 
Clay sea.m--crops out as ferruginous ledge 

Yellow chalk 
Bentonite 
Yellow chalk 
Ferruginous seam 
Yellow chalk 
Ferruginous seam 
Yellow chalk 
Bentonite un.it--0.6 cm of gray clay, exp11nded by iron oxide 

Total thickness of measured section 

Thickness (cm) 

240 

1.5 

BS 
219 

69 
0.1 

97 
0.3 

89 
4.4 

17 
3,7 

22 
0.5 

18 
05 

20 
4.1 

891.1 cm 



Locality 45--West side of small butte al lhe end of Jong bluff, in S 1/2 of SE 1/4, sec.15, T. 13 S., R. 28 W., Gove County, Kansas. 
Base at 2,600 ft (780 m). Units 8-12 -,e Marker Unit 16, units 18-22 are M.-ker Unit 17, and units 24-38 are Markc:r Unit H. 

_Unit Description Thickness (cm) 

39 Massive yellow ch&lk to the top of the ouicrop 668 
38 Bentonite unit-1.4 cm of gray clay, exp1111ded by gypsum and iron oxide, 

crops out as two selenitic seams in a reentrant S.l 
37 .Yellow chalk 41 

36 Gypsiferous sum 2 

35 Yellow chalk 26 

34 Bentonite 3.5 

33 Yellow chalk 27 
32 Bentonitc unit-1.4 cm of brownish-tan clay, expanded by gypsum and iron oxide 2.5 
31 Yellow chalk 30 

29 Y cllow chalk--lhe top 6 cm are silty and soft 28 
28 Femiginous/gypsiferous scam 2.5 
27 Yellow chalk-the bottom half is granular, paler, and forms rounded resistant ledge 53 

26 Bentonite unit-2.6 c:m of pale-gray c:lay, expanded by-iron oxide and·IYJ)Swn _ 3.5 

25 Gray and yellow chalk 66 

n lli~~alk 
22 Fenuginous/gypsiferous seam 2 

21 Oray chalk 20 
20 Ferruginous/gypsiforous seam 2 

19 Gray chalk 38 
18 Bentonite 2.5 
17 Gray chalk 296 
16 Femiginous/gypsiferous seam 2 

15 Chalk 24 

14 Gypsiferous seam-crops out as a selenite ledge 1.5 
13 Yellow chalk 41 
12 Faruginous/gypsiferous seam 3.5 

11 Tan chalk 23 
10 Bentonite 2.5 
9 Chalk 7 

8 Bentonite unit-I cm of gray-green clay, expanded by iron oxide and gypsum S.l 
7 Gray chalk 83 

6 Gypsiferous seam 2 

67 
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s Gray chalk 57 

4 Bentoruie 4.4 

3 Gray chalk 23 
2 Oypsiferous seam 2 

1 Gray chalk 122 

Total thickness of measured uction 1,831.4 cm 

LocAU'n'47--0utcropnear bouomofdraw in NE 1/4of SW 1/4, sec.11, T. 13 S., R. 29W., GoveCounty, Kansu. Base 112.660 ft 
(798 m). Units 1-8 are Marker Unit 17 and units 18-30 are Marker Unit H. 

Unit Description Thickness (cm) 

40 Massive yellow chalk to IDp of the outcrop 
39 Seam ·0.1 

38 Yellow chalk 56 
37 Seam 0.1 
36 Yellow cJuilk .Jl 
3S Seam 0.1 
34 Yellow challc 31 
33 Soft wt-chalk-forms a reentrant 5.1 
32 Femiginous seam 0.5 

31 Yellow chalk . 91 
30 Ferrug~us/gypsiferous seam 2.5 
29 Yellow chalk 50 
28 Seam 2.5 
27 ·Yellow chalk 21 
26 Seam 2.5 
25 Yellow chalk 20 
24 Femiginous/gypsiferous seam 7 

23 Yellow chalk 41 
22 Ferruginous seam-locally expanded to 3.8 cm 0.5 

21 Yellow chalk-a 1-cm gypsiferous seam lies 12.7 cm down from die top 44j 

20 Femiginous/gypsiferous seam 8.9 

19 Gray and yellow chalk 75 

18 Ferruginous/gypsifcrous seam 3 

17 Yellow chalk 13 

16 Ferruginous/gypsiferous seam 3 

15 Gray to yellow chalk 137 
14 Gypsifcrous seam 0.6 

13 Gray chalk 9 
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12 Oypsiferous seam 0.6 

11 Gray chalk 97 
10 Ferruginous/gypsiferous seam 2.5 
9 Yellow chalk 16.S 
8 Fi:rruginous/selenitic seam 1.2 

7 Yellow chalk 29 

6 Ferruginous/selenitic seam 1.2 s Chalk 18 
4 Gypsiferous seam 0.6 

3 Chalk 7 

2 Fmuginous seam o.s 
1 Gray chalk 30.5. 

Total ui.ickness of mea.sured section 1,115 cm 

l...ocAurt 51-N 1/2 of SE 1/4, sec. 13, T. 13 S., R. 30 W., Gove County, Kansas. ease at i,740ft (822 m). Uniis ~14 are Marker Unit 
H. 

Unit 

17 
16 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 

-Description 

Yellow chalk lO top of the outcrop 
Reddish-tan clay seam 
Yellow chalk 107 
F~ginous/gypsiferous seam 
Yellow chalk 
Femtginous/gypsifetous seam 
Yellow chalk 
Femiginous/gypsiferous seam 
Yellow chalk 
Fcrruginous/gypsiferous seam 
Yellow chalk 

Tblckness (cm) 

-200 
1.9 

5 
30 
1 

24 
2.S 

22 
2.2 

25 
Bentonile unit--4.4 cm of orange clay expanded by gypsum, produces a major reentrant 7 
nalk 24 
Fetruginous/gypsiferous seam 1.9 
naik 56 
Gypsiferous seam 1 
Gray chalk 

Total thickness of measured section S 10.S cm 

l..oc:AJ..rry 54-Small exposure just south of the road in NE 1/4 of SW 1/4, sec. 22, T. 8 S., R. 2A W., Graham County, Kansas. Base at 
2.250 ft (675 m). Units 4-10 ate Marker Unit 17 and units 14-28 arc Marker Unit H. 

Unit 

39 
38 
37 

Description 

Massive yellow chalk to lop of the outcrop 
Fcrruginous seam 
Massive yellow chalk 

Thickness (cm) 

51 
0.3 

27 
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36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 

s 
4 
3 
2 
l 

Fenuginous seam 
Massive yellow chalk 
Fenuginous seam 
Massive yellow chalk 
Fenuginous seam 
Yellow chalk 
Bentonite 
Yellow chalk--a 0.1-cm fc:rruginous seam lies 41 cm above the bottom 
Fenuginous/gypsiferous seam 
Yellow chilk~ttom 10 cm is softer and produces a reentrant 
Fenuginous/gypsiferous seam 
Yellow chalk 
Tan fenuginous seam 
Yellow chalk 
Grayish-tan clay seam 

• Y cllow chalk 
Bentonite 
Yellow chalk 
Reddish-tan clay scam 
Yellow chalk 
Reddish-tan clay seam 
Yellow chalk 
Bentonite 
Yellow chalk 
Bentonite 
Gray chalk 
Femiginous/gypsiferous seam 
Gray chalk 
Ferruginous/gypsiferous seam 
Gray chalk 
Unit-two ferruginous/gypsiferous seams, the upper 1 cm and the lower 1.6 cm thick, 

separated by chalk 
Gray chalk 
Ferruginous/gypsiferous seam 
Gray chalk 
Ferruginous/gypsif erous seam 
Gray chalk 

Toial thickness of measured section 

0.1 
29 
0.1 

11 
0.1 

32 
2.9 

92 
3.4 

31 
1 

22 
0.6 

22 
1.5 

22 
3.9 

18 
2 

36 
2.S 

56 
2.9 

10 
1.5 

77 
:2 

18 
2 

24 

4.6 
24 
0.6 

128 
0.5 

122 

884.5 cm 

LocAury 55-Small ouicrop on east side of small draw in N 1/2 of SW 1/4, sec. 13, T. 8 S., R. 24 W,, Graham County, Kansas. Base 
at 2,240 ft (672 m). Units 17-19 are Marker Unit 18. 

Unit DescrlptJon Thickness (cm) 

30 Yellow chalk 114 
29 Seam 0.4 
28 YeUowchalk 62 
27 Fcrruginous seam 0.4 
26 Massive yellow chalk 28 
25 Ferruginous seam 1.5 
24 Massive yellow chalk 132 
23 Pale-gray clay seam 2 
22 Yellow chalk 5.6 
21 Ferruginous seam 0.2 



20 Yellow chalk 63 
19 Bentonite 10 
18 YeDowchalk 52 
17 Bentonite 5.7 
16 Yellow chalk-a 0.2-cm fcrruginous seam lies in the middle 11)1} 
15 White chalk seam 0.2 

.14 Yellow chalk 36 
13 Darlt:-tan clay seam 2 

·12 Soft yellow chalk ISO 
11 Massive yellow challc-fonns a resist1111t ledge 23 
10 Fenuginous seam 0.2 
9 Massive yellow chalk 28 
8 Seam 0.1 
7 Massive yellow chalk 26 
6 Seam 0.1 s Massive yellow chalk 10 
4 Seam 0.1 
3 Massive yellow chalk 33 
2 Ferruginous seam 2 
I Yellow chalk 91 

Total thickness of measured section 935.S cm 

l..oCAJ.m, 6~Just.l).Qrth ofroad and \V~tof oilwell inE-W middle of line betw~ secs.-6-and 7, T. 8 S~ R. 23 W., 0r.iiwi C01t1{t)', 
Kamas. B,ase a1 2,250 ft_(675 m). Units13-1'7 Me Marker Unit -16. 

Unit Description Thickness (cm) 

45 Jnq_istinct ferruginous S!!am 1 
44 Yellow chalk 34 
43 Bentonite 1.9 
42 Yellow chalk 35 
41 Ben1onite 2 
40 Yellow chalk 9.S 
39 Soft tan clay seam 0.3 
38 Yellow chalk 16.S 
37 Seam 0.0 
36 Yellow chalk 36 
35 Femiginous seam 0.3 
34 Yellow chalk 13.3 
33 Ferrugi:nous seam 0.4 
32 Yellow chalk 11.4 
31 Benlonite 2.2 
30 Yellow chalk 14 
29 Ferruginous seam 0.1 
28 Yellow chalk 4.4 
27 Ferruginous seam 0.5 
26 Yellow chalk 104 
25 Femiginous seam 0.1 
24 Pale-yellow chalk 3.5 
23 Ferruginous seam 0.3 
22 Yellowc~ 56 
21 Bentonite 2.S 
20 Yellow chalk 23 

71 
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19 Red-un day scam 0.7 
18 Yellow chalk 37 
17 Ferruginous scam 0.6 
16 Yellowchalk 20 
15 Fmuginous seam o.s 
14 Yellow chalk 6.7 
13 Bentonite 2 
12 Yellow chalk 81 
11 Seam 0.1 
10 Yellow chalk 69 
9 Ben101lite 2.9 
8 Yellow chalk 31 
7 fmuginous seam 0.2 
6 Yellow chalk 2,4 
5 Fenuginous seam 0.1 
4 Oraychalk 342 
3 Ferruginous/gypsiferous seam 1.2 
2 Gray chalk 14 

Bentonite 5.1 

Total chi.ckness of measured section 1t)i0.3cm 

l....ocALm 72-West side of drainage in_-NW l/4 of SW l/4, -sec. 24, ·T. 14 S~--R .. 31 W.,4.>ove,Count),, :Kansas. ~ase 112. 740 ft.(-822 
m). Units 4-5 are Marker Unit 15. 

Unit 

18 
17 
16 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 

Description 

R,esistant yellow chalk-forms II cap on outcrop 
Fc:rruginous seam-in 25 cm reentrant 
Massive yellow chalk 
Soft yellow chalk-fmms-a reentrant 
Massive yellow chalk- 0.2-cm ferruginous seam lies 90 cm above the·bottom 
Bentonite-unit-2.5 cm of gray clay expanded by iron oxide 
Yellow chalk-a seam lies 89 cm above the bottom 
Bentonite 
Yellow chalk 
Fenuginous/gypsiferous seam 
Yellow chalk 
Fenuginous/gypsiferous seam 
Gray chalk 
Bentonite 
Paler granular chalk-a seam lies 34 cm above the bottom 
Gray chalk 
Faruginous/gypsiferous seam 
Gray chalk 

Total lhickness of me&SUred section 

Thickness(~) 

100 
0.2 

J20 
6.5 

132. 
6 

183 
2.S 

242 
1.8 

12.5 
2.5 

lSS 
2.5 

54 
500 

2.5 
100 

1,623.0cm 
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Upward continuity ·of the Niobrara fauna 
with the Pierre Shale fauna 

Kenned! Carpcnrer 
Department of Earth Sciences 

Denver Museum of Natural History 
City Park Denver, CO 80205 

Abstract 
Similarities between the vertebrare faunas of lhe Shllfon SFings Membei or the Pierre Shale (lower 

Campanian) and the Smoky Hill Chalk Member of lhe Niobrara Fannation (upper Santonim-Iower 
Campanian) are best ~lained as the ~nt of lhe yo1D1ger fauna from che older. The diffi:rmces, 
however, appem: to be due to several factor~ .of which the combination of more than one vertebr&te 
biostratigraphic horizon in the Smoky Hill fauna may be the most crucial . . The impact of the black shale 
depositional environment. represented by the Sharon Springs Member, is not well understood because 
lhe vertebraLe component of the topmost.portion of the Smoky Hill·(Scaphir~s hippocrepis l, ll, m 
zones) is poorly known. • 

Introduction 
The Upper Cretaceous (campanian) Pierre Shale and 

its lateral equivalents occur throughout much of the 
Western Interior of North America. These deposits mark 
the last major advance of the epeiric sea across North 
America (fig. i). The Pierre Shale is divisible into several 
members, of which the Sharon Springs Member marks the 
seaway during maximum transgression (fig. 2). 

At the type locality in western Kansas (fig. 1, locality 
5), the Sharon Springs Member consislS of a 35-m (116-
ft)•thk;k lower unit of "dark-gray soft flaky shale having a 

few concretions of yellow. chalky limestone ... ," a middle 
unit 27 m (89 ft) lhick of "hard buttre~•weatbering 
shale ... rich in organic material and varied limestone 
concretions, and has yielded abundant vertebrate and a few 
invertebrate fossils," and a 3-m (10-ft)-thick upper unit of 
"hard0platy-we.athering slightly phosphatic shale that 
contains numerous layers of soft highly weathered 
phosphate nodules ... " (Gill, Cobban, and Schulrz, 1972, p. 
11). Elsewhere, however, the shale is not so readily 
divisible. 

History of collecting 
The first reported fossil venebrate from the Sharon 

Springs was the Jong-necked plesiosaur Elasmosaurus 
plaryurus (Cope, 1868). The specimen, a partial skeleton, 
came from near McAllister, Kansas (fig. l,locality 5). 
Cope later described other specimens from the area, 
including several species of mosasaurs (Cope, 1871 ), and 
the turtle Toxochelys latiremis (Cope, 1873). 

Samuel Williston, from tl)e University of Kansas, led 
several expeditions to McAllister beginning in 1873. He· 
also explored exposures of lhe Sharon Springs along the 
Cheyenne River in South Dakota (fig. 1, locality 2). Some 
of the specimens collected were described in a series of 
papers on reptiles (Williston, 1897, 1898, 1903, 1906; 
Williston and Case, 1892; Case, 1898) and fishes (Stewan, 
1899, 1900). 

In l 903 and 1904, a smaU party from the American 
Museum of Natural History collected from the Sharon 
Springs near Edgemont, South Dakota, and from Redbird, 
Wyoming (fig. 1, localities 3 and 4). Some of the fishes 
were later described (Bardack, 1965; Bardack and 

Sprinkle, 1969; Goody, 1970, 1976), as were the turtles 
(Hay, 1905; Zangerl, 1953), mosasaurs (Russell, 1967), 
and a plesiosaur (Welles, 1952). 

Fredrick Loomis, from Amherst College, also 
collected near Redbird, Wyoming, in 1903, and later 
described a new species of mosasaur, Platecarpus 
brachycephalus, from there (Loomis, 1915). In 1948, 
David Dunkle, from the National Museum of Natura1 
History, made a small collection at Redbird cited by Gill 
and Cobban (1966). He returned again in 1973 on behalf 
of the Cleveland Museum of Natural History and made 
another small collection. The University of Nebraska 
State Museum colfecte.d in northwestern Nebraska in 1966, 
and discovered the toothed bi.rd Hesperornis sp. there 
{Martin and Tate, 1967). 

In 1967, the Field Museum of Nawral History 
collected a nearly complete skull of the aberrant mosasaur 
Globidens (Russell. 1975) near Fairbwn, South Dakota 
(fig. 1, locality I). The South Dakota School of Mines has 
collected sporadically for many years from near Fairburn, 
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FIGURE I-Surface distribution of lhe Sharon Springs Member of lhe Pierre Shale (black) and vertebrate localities superimposed on 
a map of the epeiric seaway during the deposition of the Sharon Springs. Localities: I-Fairburn and surrounding areas, SD; 2-
Buffalo Gap. SD; 3-Edgemont, SD; 4-Redbird, WY; 5-McAllister, KS; 6-Ft. CllfSOn. CO; 7-Canon City, CO (seaway 
map adapted from Oill and Cobban, 1966). 
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Edgemont Red Bird McAlllater canon 
City 

LOC.3 LOC. 4 LOC, 5 LOC. 7 

D/acoac•pllU•• n•br••c•tt•I• 

Dheo,c•pflll•• roen•n•I• 

SplU11odlec11a eroded Fox HIiia 

._.cuUt•• c'1riolobet11• ? Upper 
Upper 

eroded Transition 
••r:ulll•• t1r•ttdl• Unnamed ? Zone 

••eullf• •• b•c11lu• 
Shale Mbr Salt 

••u1III•• •ll••I Upper Creek 
Kara Mbr 

••culll•• l•••,nl entonltlc ? 

••cu"f•• r•••ld•l Part cone-In-
Lake cone 

••cullf•• cun••• u• Lower 
Creek Mbr .Zone 

Beculll•• compr,s,111 Unnamed 

Oldymoc•r•• c lr•r•rin•n•• Shale ? 

~•ll•toc,r•• J•nn•1I Mbr 
Weskan 

Te~ 
Dld1111oc•r.-a • t •Hnaonl Zone 
Oldytr1oe•1•• nebutc•n•• Mbr 

••cut11,, acottl Middle 

••c11lll•• flr•11or,ene l'• Red Bird 
Part Silty Mb-r 

Rusty 
••cttlll •• perpl·ezu, ht• form Zone 
••colll•• 111tll•rfl 

eaeullf•• perplezu• early form Mitten Sharon 
Bleck Springs 

•._•, aacfllll• sp. • moot II Shale Mbr Sharon 
~-.-'1 
• ~l Mbr '' B•culll•• ••perltorml• Spring 

••culll•• mf:l• •rn l 
Sharon Mbr Sharon Springe 

Bei;ullt•• olltuau• Springe 
Gammon 

B•c ullt•• ap. weak f1e111t rll>a Mbr 
Ferrug- ? 

Ba,:;ullf•• •P• ·•mooth ? lnous Smoky ~ower 
Scap hl t•• ltlppocr •pl• Ill Smoky 

Mbr Hill Mbr ranaltlon 
Scaptrlt•• ldppocr•pll II HIii Mbr Zone ? 
6c•phllH hlp~ocrepla I Smoky 

HIii Mbr 

FIGURE 2-S1ratigraphy of the Pierre Shale (data from Gill, Cobban, and Schultz, 1972; Scott and Cobban. 1975). 
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Buffalo Gap, and several other localities in Pennington 
County, South Dakota (Welles and Bump, 1949; J. Martin, 
personal communications). 

The University of C.01orado Museum began collecting 
at Redbird, Wyoming, in 1973 a result of obtaining two 
large collections of vertebrates from amateur paleontolo-

gists Asa Maxson and James Mellinger. J continued this 
work on behalf of the CU Museum between 1975 and 
1980 and made a field census of specimens to provide a 
data lwe for intelpreting the taphonomy and pale.oe.cology 
of the Simon Springs (Carpenter, 1988). 

Comparison of the faunas 
The number of vertebrate specimens recovered per 

square.kilometer of outcrop in the Sharon Springs equals 
or exceeds that for the Smoky Hill Chalk Member in 
western Kans~. However, these specimens have not 

• attracted much attention as those from the chalk due, in 
large part, to encrusunent and damage by selenite crysials. 
These crystals are a byproduct of deep weathering of lhe 
shales. Sulfur liberated by the break-down of pyrite 
combines with calcium in the shale to Conn this morph of 
gypsum (Schultz, 1964). Only bones recovered from 
concretions are undamaged by selenite growth. 

Data gathered from field and museum collection 
inventories indicate that the early Campanian Sharon 
Springs vertebrate fauna is a continuation of the older 
Smoky Hill fauna (late Santonian-earliest Campanian). 
This is demonstrated by the presence of the fish 
Sasuocephalus, the turtle Toxochelys la1iremis, and the 
mosasaurs Clidastes propython, Plate carpus ictericus, and 
Tylosaurus prorigor (table I), 

Notably absent. however, are the fishes Martinichthys 
brevis and Omosoma garretti, and the turtle Pro1ostega 

gigas. How much this difference is due lo the Smoky Hill 
faunal list combining more than one biostratigraphk: level 
is not known. As Williston (1897) and Russell (1967) 
have noted, there is a marked change in the vertebrate 
fauna of the Smoky Hill from lhe lower, or Rudistes beds 
to the upper, or Hesperornis beds. 

The Smoky Hill Chalk Member spans seve.ral invene-
brate zones according to Hattin (1982), thus changes in the 

• venebrate fauna are not unexpecit4- . Stewart (1988) has 
. shown that the four species of Protosphyraena in the 
• Smoky Hill Chalk Member arestratigraphicaliyre.stricted. 
Stewan (this volume) and Bennett (this volume) are 
auemptlng 10 place the vertebrate species of the Smoky 
. Hill in their correct stratigraphi,c context Most previous 
collections nave lumped Smoky Hill vertebrate specimens 
together without regard to stratigraphic occunence. In 
order to more adequately determine the evolution of the 
Sharon Springs vertebrate fatma from the upper Smoky 
Hill ven~rate fauna, it willbe necessary to beuer know 
the vertebrate content of the Scaphites hippocrepis I, ll, 
and rn zones. • 
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TABLE I-Comparison of the vertebrate faunas of the Smoky Hill Chalk Member of lhc W10brara Fonnalion and the Sharon Springs 
Member of the Piene Shale. Compiled with the assistance of J. D. Stewart. 

Class Chondichlhyes 
Subclass Elasmobranchii 

Order Euselachii 

Class Osteichthyes 

Superfamily Galeomorphii 
Family Cn:toxyrninidae 

Cretoryhi11tJ mantelu 
Pseudocorax "2evis 
Cretolamna appendiclUlJla 

Family Anacoracidae 
Squalicorax falcmu.s 
S. kllu.pi 
S. cf. S. kllupi 

Family Ptychodontidae 
Ptyclwdus martini 
P. anonymous 
P. morion/ 
P. polygyrus 
P. en:erospira 

Subclass Aclinopterygii 
Superorder Neopterygii 

Division Pycodontifonnes 
Family Pycnodontidae 

Hadrodus marsh/ 
Micropycnodon kllnsasensis 

Division Ging1ymodi 
Family Lepisosleidae 

- Lepisosteus sp. 
Division Halecostomi 

Subdivision Halecomorphi 
Order Arniiformes 

Family ?Caturidae 
Paralio~s11ULS gua.dagnii 

Ordex Pachycormiformes 
Family Protosphyraenidae 

Protosphyraena sp. 
P.nitida 
P. pernicosa 
P. recurvirostris 
P. glamu.s 
P. tenuis 

Order Aspidorh)'Ilchifonnes 
Family Aspidorhynchidae 

Belonostomus sp. 
Order AsaroLiformes 

Family Aserotidae 
Asarotus arcanus 
undescribed holosiean 

Smoky Hills 

X 
X 
X 

X 
X 
X 

X 
X 
X 
X 
X 

X 

X 

X 
X 
X 
X 
X 
X 

X 

X 

Sharon Springs 

X 

X 

X 
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Smoky HUis Sharon Springs 

Subdivision Teleoslei 
Order Jc:hlhyodectifonnes 

Family Ichlhyodectidae 
Gillicus arcuaJus X X 
lchJhyodectes clenodon X X 
Xiphactimu aw1llX X X 
unducribr:d idilnyodc:ctid X 

Family SaU10Cephalidae 
Saurocephalus lanciformis X X 
Saw-odtm leanJJ.s X X 
"S," pygmaeus X X 

Order Osteoglossiformes 
Family Plemodidae 

BanogmilLf evolutus X X 
B. zilteli X 
B. f avirostris X 
Luxilires striolalus X 
Martiniclllhys brevis X 
M. ziphoides X 
M. acurus X 
M. alternatus X 
M. gracJlis X 
M. Jatus X 
Niobrara encarsia X 
'lanclizes unurus X 

Order Elopiformes 
Family Pachyrhizodontidae 

Po.chyrhizodus caninus X X 
P .. .muumus X X 
"P." eptopsis X 

Order Anguillifonncs 
Family Urenchelidae 

Urenc~lys abditus X 
Order Beiyciformes 

Family Holocentridac 
Kansius sternbergi X 

Order incertae sedis 
Family Crossognathidae 

Apsopelix anglicus X 
Suborder Neoieleostei 

Family Cimolichthyidae 
Cimt>lichJhys nepaholica X X 

Family Enchodontidae 
Enchod.us petrosus X X 
E. gladiolus X X 
E. shumardi X 
E. dirus X 

Family Dercetidae 
Stra1odu.s apicalis X X 
LeptecOfVJn rectu.r X 
"Anguilfavus" ho.ckberryensis X 

Suborder Paracanthoptergii 
Family Polymixiidae 

Omowma garretti X 
Teleosiei incertae sedis 

Ferrifrons rugosus X 
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Subclu s Sarcopte:rygil 

CJ.au Reptilia 

Order Coclacmthida 

Family Coclacanthidac 
Mocropoma? sp.

Or:der Chelonia 
Family PelomedUJidae 

Bothremys barbt:ri 
Family Toxochelyidae 

Taux:htlys l01iremis 
LoplwcJ11!1ys naJatrix 
L. niobrarse
CterJOChe/ys sJuwpora
C.proc�
Prionodll!fys glluotergwn
Cynocerc:11.S incisivius
Portlwc�lys l01iceps

Fmnily Prolostegidae 
Proto.suga gigas 
P.poren.r
Clu!losphllrg/5 adveNZ
Cu.lcwic�lys cf. C. gemma,
Arc:htlon copei

Order Plesiosauria 

Family Polycotylidae 

Polycotyfus sp.

P. laripinnis

Dolichorhyncltops osborni
Family Elasrnosauridae 

Ela.smasaurus plarjurMS 
StyXOJczurllS browni 
S.snowii
Alzadilsaw-MS pembertoni
A. kcznsasensis
T lwlassonornosauriJ.S 1Mrshi i
ThalassioStJurus ucltiadicws

Order Squam11La 

Family Mosa.sauridae 

Plarecarp,u rympaniticMS 
p. �n£nsi.r
P. tf. P. Som.l!Mn.ris
Mosasaurws ivoen.sis
Clidastes prop-,tJwn
C. liodonriu
Globideru dalcoten.ri.r
&tenDStJJlru.s clidaszoides
Hali.ro.urus sterl'lbergi
T.proriger
T. nepaeolicllS

Order Pierosauria 

Family Pteranodonidae 

NyctosD.JUu.s gracili.r 
PrerQN)do,i sp. 

P. longiceps
P. sterl'lbergi

Smoky HUis 

X 

X 

X 
X 

X 
X 

X 
X 
X 
X 

X 
X 

X 
.x 

X 

X 
X 
X 

X 

X 
X 
X 

X 
X 

X 
X 
X 

X 
X 
X 
X 

X 

X 
X 

Sharon Springs 

X 

X 
X 

X 

X 

X 

X 

X 

X 

X 
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Smoky HUis Sharon Sprinp 

Order Omithopoda 
Family Hadrosauridae 

C/aosQJVus agilis X 
unidentified hadrosaurine X 

Order Ankylosauria 
Family Nodosauridae 

HeirosllJUus stembergi X 

Class Aves 
Order Hesperomilhi.iformes 

Family Hesperomidlidae 
Hesperornis regalis X X 
H. crtJSsipes X 
H. gracilis X 
H. altus X 
Parahesperornis alexi X 
widescribed h~speromithifonns X 

Family Baptomithidae 
Baplornis advenus X 

Order lchthyomithiformes 
Faniily Ichthyomithidae 

lchlhyornis dispar X 
I. victor X 
I. agilis X 
I. validus X 
I. tener X 




