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Nichols and others (1982) was updated recently (Nichols,
1994). Results from the study of the Kaiparowits cores show
that two of these biozones in fact are present in southem
Utah.

ANALYSES OF CORES SMP-1-91 AND CT-1-91

Ninety-one samples were collected and processed for
this study, 49 from core SMP-1-91 (14 coal; 35 non-coal)
and 42 from core CT-1-91 (3 coal; 39 non-coal, one of which
was barren). Because more samples were available from that
core, detailed analyses concentrated on SMP-1-91, which
served as a standard for biostratigraphic (palynostrati-
graphic) interpretations, and CT-1-91 was used to verify
results. Samples from SMP-1-91 include two series from
thick coal beds here designated D8020 and D8068, respec-
tively (fig. 4). Both are within the John Henry Member, but
their importance especially concerns the sequence-
stratigraphic interpretation of the Straight Cliffs Formation.
Coal bed D8020 is 6.5 m thick and is near the middle of the
A- sequence; coal bed D8068 is 4.3 m thick and is at the base
of the A- sequence (just above the A- sequence boundary).
D8020 serves as a representative of the thick coal beds in the
A- sequence, and D8068 provides close biostratigraphic
control useful for confirmation of the position of the A-
sequence boundary.

Distribution of 56 palynomorph taxa in the cores was
recorded in this study. Among these taxa are several at the
genus level that include more than one species; thus the
occurrences and distribution of 70 or more palynomorph
species are considered. Pteridophyte spores and gymno-
sperm pollen are common but have little biostratigraphic
importance. Species of angiosperm pollen known or thought
to have biostratigraphic importance received special atten-
tion in this study, as did dinoflagellate cysts (recorded as a
single category) that are indicative of tidal influence in the
depositional environment. Percentage relative abundance of
palynomorph taxa was determined for coal samples, to deter-
mine the composition of mire floras; semiquantitative evalu-
ations of relative abundance were recorded for most other
samples.

STRAIGHT CLIFFS PALYNOFLORA

A survey of the samples from cores SMP-1-91 and
CT-1-91 shows that the palynoflora of the Straight Cliffs
Formation is numerically dominated by spores of ferns
and other cryptogams and pollen of gymnosperms,
although angiosperm pollen, primarily small tricolpate
forms, is numerically abundant in most samples as well.
The commonly occurring species are well known in
Upper Cretaceous rocks of the Western Interior of North
America. However, some of the less common species

(especially angiosperm pollen) serve to distinguish the
Straight Cliffs palynoflora from others of the same age. A
brief overview of the entire palynoflora follows.

The most commonly occurring spores are: species of
the fern spore genera Gleicheniidites and Laevi-
gatosporites (both of which are present in 65-85 percent
of samples in each core and numerically dominant in
some), species of the bryophyte spore genus Stere-
isporites (sphagnum moss; present in 50-70 percent of
samples and abundant in several, notably in coal), and
species of the fern spore genera Cyathidites and Reticuloi-
dosporites (present in 45-60 percent of samples and com-
mon in many). Gleicheniidites spp. and Stereisporites
spp. are especially common in coal samples, although
they are also common in non-coal samples.

The most commonly occurring species of gymno-
sperm pollen in the Straight Cliffs Formation belong to the
genera Corollina, Araucariacites, Pityosporites, and Taxo-
diaceaepollenites. These are present in 45-65 percent of
the samples, but they tend not to be numerically abun-
dant. Corollina, occurring usually as monads but also as
tetrads, is present throughout the sampled interval, in all
members of the formation, and is notably abundant in a
few samples. Specimens assignable to species of the other
three genera are extremely rare or absent in the coal sam-
ples analyzed in this study. This pattern of distribution in
the Kaiparowits samples is especially significant for pollen
of Taxodiaceaepollenites because this pollen is produced
in great quantities by trees that are the principal compo-
nent of swamp-forest vegetation in many Paleocene coal-
depositional environments in the Western United States.
Evidently these arboreal gymnosperms were not signifi-
cant components of mire floras in the Kaiparowits area in
Late Cretaceous time.

Angiosperm pollen is present throughout the Straight
Cliffs Formation. Nondescript tricolpate pollen referable to
the genera Cupuliferoidaepollenites, Tricolpites, and (or)
Retitricolpites is present in almost every sample. This pol-
len, which probably has fagaceous or platanaceous affin-
ity, is numerically abundant in many samples and
dominant in some. Evidently it represents a major compo-
nent of the flora. However, because pollen of this mor-
phology is widespread both geographically and
stratigraphically, and is of somewhat uncertain botanical
affinity, it has little paleoecologic and no biostratigraphic
value. Other angiosperm pollen of more distinctive mor-
phology present at least in low numbers in many samples
of the Straight Cliffs Formation belongs to species of the
tricolporate genera Nyssapollenites and Foveotricolporites
and the triporate genera Triporopollenites, Plicapollis,
Pseudoplicapollis, and Proteacidites. Some of these spe-
cies are useful in characterizing the formation palynologi-
cally and in interpreting it palynostratigraphically.



B10 COAL-BEARING STRATA, KAIPAROWITS PLATEAU, UTAH

SMP-1-91 CT-1.81
2T | a7 D79sr-EE
g
Q — D7993-PP
T o 50 m —
o= Drip Tank sequence ;
o T 7 7 7 7 boundary —D7993-NN, 00
D7941-DD
D7941-CC
D7941-AA
D7941-Z — D7993-KK
100 -]+ - D7993-JJ
— D7941-Y [ D79%3
100 _=‘,: —D7941-X - D7993-GG, HH EXPLANATION
; Lt~ D7993-FF AR
125 —0 ‘s 7. Sandstone, conglomeratic
D7993-EE
125 B?]ggg_gg' ce 7] Sandstone, crossbedded
T D7993-Z, AA
s ; ] Sandstone, swaley bedded
z g "1-D7941-S L D7993-X, Y or massive
2 E tf—D7993-W Interbedded sandstone
E = o and mudrock
= > it [)7993-V/
z E D7941-R Mudrock and shale
= T S . - D7993-U
&} - 175 i i — D794 1-Q [n— D
= 5] 7993-T
£ S , -D8020-A to -M — 87993-?2 o Coal
g S, 200 ~—j—— i— D7993-Q,
£ — D7941-P B - D7993-P
« —D7941-0 ———=——D7993-0
200 — D7941-N o ;
—D7941-M
g 25— D7993-M, N
25— 7| P794L ——— D7993-L
IR~ D3068-A to -EE 1 bregaK
s D7941-K~ 4
— D7941-], J  ~
: b°u D7993-H, I, J
—D7941-G, H D7993-G
;'D79_4j-D, E, F
z : B
L% D7941-C
° = .
T & 7 1 D7941-B 300
% H e D79411A = D7993-D, E, F
E= - Lalic, = — D7993-C
€nce b\ - -
Oungy, - D7993-A, B

Figure 4. Generalized lithostratigraphy of cores SMP-1-91 and CT-1-91, approximate positions of palynological samples, and inferred
correlations between the cores (modified from Hettinger, 1993). Datum is the Drip Tank sequence boundary, which is coincident with the
contact between the John Henry and Drip Tank Members in the cores. Scale in meters (m) is depth in core.

CHARACTERISTIC SPECIES and relatively common in occurrence, being present in about

one-third of all samples of the John Henry Member (it was

Foveotricolporites johnhenryensis n. sp. is perhaps the  not recorded in the few Smoky Hollow and Drip Tank Mem-
single most characteristic species in the Straight Cliffs  ber samples examined). It was not reported in previous stud-
palynoflora (pl. 1, figs. 17-20). Itis distinctive in appearance ~ ies of the Straight Cliffs Formation by either Orlansky
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(1971) or May (1972). A formal description of this tricolpo-
rate pollen species is given later in “Taxonomic Notes.”

A second tricolporate species occurring in the Straight
Cliffs Formation is less typical of the formation but is
palynostratigraphically significant; that species is Nyssapol-
lenites albertensis (pl. 1, fig. 16). It is present in the Smoky
Hollow Member and throughout the John Henry Member
(Tibbet and Calico sequences and above); it was not
observed in the Drip Tank Member (Drip Tank sequence). It
is significant because it (along with some other species)
defines a major palynostratigraphic zone, which is discussed
later.

Other characteristic species in the Straight Cliffs
palynoflora are triporate angiosperm pollen. They are spe-
cies of the Normapolles genera Plicapollis and Pseudoplica-
pollis, and species of Proteacidites. Plicapollis rusticus (pl.
1, fig. 15) was originally described from the upper Campa-
nian of Tennessee by Tschudy (1975). Later he reported it
from the Crevasse Canyon Formation (Coniacian and Santo-
nian) and the basal part of the Menefee Formation (Santo-
nian) in northwestern New Mexico (Tschudy, 1976, 1980).
This species was not reported previously from the Straight
Cliffs Formation by either Orlansky (1971) or May (1972).
Plicapollis rusticus is present in the middle part of the John
Henry Member, however, both below and above the A-
sequence boundary. Species of Pseudoplicapollis in the
Straight Cliffs are P. cuneata and P. triradiata. P. cuneata
(pl. 1, fig. 13) was first described from Santonian of the
Atlantic Coastal Plain (Christopher, 1979) and later reported
from the lower Campanian of New Mexico by Jameossanaie
(1987), who also described P. triradiata from the same
deposits. Orlansky (1971, pl. 10, fig. 37) illustrated a speci-
men that appears to be P. triradiata (although he identified
it as a species of Cupanieidites). In the Straight Cliffs For-
mation these species are present above the A- sequence
boundary; P. triradiata is present also above the Drip Tank
sequence boundary.

The occurrences of Proteacidites deserve special men-
tion. Species of this triporate pollen genus characterize the
Upper Cretaceous of the Western Interior of North America.
Nichols and Jacobson (1982) reviewed all available records
of its occurrence and determined that its stratigraphic range
in the region is Coniacian through Maastrichtian. The genus
has been reported previously in the Straight Cliffs Formation
by Orlansky (1971) and May (1972). Species are difficult
to distinguish, and in this study they are grouped under the
name Proteacidites spp. (pl. 1, figs. 11-12). Proteacidites
spp. is present in the John Henry Member in about half of all
samples above the interpreted position of the A- sequence
boundary and in the Drip Tank Member, that is, within the
A- and Drip Tank sequences.

In addition to Proteacidites spp., other species of tripo-
rate pollen are present in the Straight Cliffs palynoflora,
occurring in 50 percent or more of samples of the John Henry
Member. In this study they were recorded as species of the

form genus Triporopollenites, but some may belong to gen-
era of the Normapolles complex other than Plicapollis and
Pseudoplicapollis. Tschudy (1980) recognized Vacuopollis
among specimens illustrated by Orlansky (1971, pl. 10, figs.
34-35). Orlansky (1971, pl. 10, figs. 31-32) illustrated two
other specimens that he identified as Sporopollis sp. They do
not belong to that genus, but appear to closely resemble
specimens identified by Jameossanaie (1987, fig. 16, speci-
mens 41-44 only) from Campanian rocks in New Mexico as
Complexiopollis abditus. Similar specimens were observed
in the present study, but their identification was not verified
because they are very rare and consequently of less impor-
tance palynostratigraphically than the species of Foveotri-
colporites, Plicapollis, Pseudoplicapollis, and Proteacidites
discussed previously.

Finally, the presence of Arecipites spp. (pl. 1, figs. 7-8)
in the Straight Cliffs Formation is noteworthy. This occur-
rence may be the stratigraphically oldest record in North
America of the genus, which has affinity with the Arecaceae
(palm family). Palms have long been considered to be an
important component of Cretaceous floras, but their pre-
Maastrichtian pollen record is not well documented. In the
Straight Cliffs Formation, pollen of Arecipites is present
sporadically throughout the Coniacian-Santonian John
Henry Member.

PALYNOSTRATIGRAPHIC ZONATION

On the basis of occurrences of key palynomorph taxa,
two of the Upper Cretaceous palynostratigraphic zones of
the Western Interior region are recognizable in the Straight
Cliffs Formation. These are the Nyssapollenites albertensis
Interval Zone and the Proteacidites retusus Interval Zone.
The Nyssapollenites albertensis Zone is late Cenomanian
through mid-Coniacian in age (Nichols, 1994). The presence
of the N. albertensis Zone in the lower part of the Straight
Cliffs Formation (Tibbet and Calico sequences) is consistent
with the previously discussed late Turonian and early Coni-
acian age determinations of this interval based on molluscan
fossils. Nyssapollenites albertensis is present also in the
post-Coniacian part of the Straight Cliffs Formation, but
there it is present along with species indicative of the overly-
ing palynostratigraphic zone.

The lowest stratigraphic occurrence of the pollen spe-
cies Proteacidites retusus defines the base of the mid-Coni-
acian through upper Santonian P. retusus Zone. The
presence of the P. retusus Zone in the John Henry Member
verifies the Coniacian-Santonian age of that unit. More
important with regard to the sequence stratigraphy of the
Straight Cliffs Formation, the occurrence of Proteacidites
pollen coincides with the interpreted position within the
John Henry Member of the A- sequence (Hettinger, 1993,
1995). The morphologically distinctive and biostratigraphi-
cally important pollen of Proteacidites has its lowest
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stratigraphic occurrence just above the interpreted position
of the A- sequence boundary in both cores, at 759 ft (231.3
m) in SMP-1-91 and at 890 ft (271.3 m) in CT-1-91. Pollen
of Proteacidites is consistent in occurrence in samples
above these levels in both cores. That the actual first occur-
rence datum of the P. retusus Zone in both cores just hap-
pens to coincide with the interpreted position of the A-
sequence boundary is highly unlikely. On the contrary, it is
highly likely that the apparent base of the zone coincides
with a minor unconformity (the A- sequence boundary), the
presence of which enhances the abrupt appearance of
palynomorphs that characterize the palynostratigraphic
zone. Thus palynostratigraphy supports the interpretation of
the A- sequence boundary as a significant stratigraphic
horizon, which in turn supports the sequence-stratigraphic
interpretation of the Straight Cliffs Formation.

The positions of two other sequence boundaries are
interpreted by Hettinger (1993, 1995) within cores SMP-1-
91 and CT-1-91. He identified the Calico sequence boundary
at the 944.1 ft (287.8 m) level in SMP-1-91 and at the
1,041.1 ft (317.3 m) level in CT-1-91. Palynostratigraphic
data are limited at these depths in the cores because only one
productive sample was recovered in each core from strata
below the interpreted position of the Calico sequence bound-
ary. Although the data are limited, palynostratigraphy pro-
vides some support for the presence of an unconformity. In
core SMP-1-91, sample D7941-A, which is below the inter-
preted position of the Calico sequence boundary, yielded a
palynomorph assemblage of seven taxa, all of which are
present also in overlying strata (fig. S). The assemblage in
sample D7941-B, 6 m above, has 12 additional taxa, all of
which are present also in overlying strata. This strong change
in the palynoflora, which is much stronger than that between
any other two successive samples in the core, is indicative of
the presence of an unconformity between the sampled hori-
zons. The palynofloral change across the interpreted position
of the Calico sequence boundary is less striking in core CT-
1-91 (fig. 6), but still possibly significant. More data are
needed to verify these results.

Hettinger (1993, 1995) interpreted the position of the
Drip Tank sequence boundary to be at the 143.1 ft (43.6 m)
level in core SMP-1-91 and at the 206 ft (62.8 m) level in
core CT-1-91. Here again palynologic data are extremely
limited, because only one palynologically productive sample
could be obtained above those horizons in each core. No sig-
nificant changes are noted between assemblages bracketing
the boundary in either core. In both cores the assemblages
both below and above the interpreted position of the bound-
ary are within the Proteacidites retusus Zone. Notably
absent from all assemblages from the cores are specimens of
the pollen species Pseudoplicapollis newmanii (although
two other species of the genus are present). This biostrati-
graphically important lower Campanian species defines a
palynostratigraphic zone of earliest Campanian age in the
Rocky Mountain region (Nichols and others, 1982; Nichols,

1994). Although more data clearly are needed, the evidence
at hand is that the basal part of the Drip Tank sequence (and
the basal part of the Drip Tank Member) are no younger than
late Santonian.

PALEOENVIRONMENTS

Little can be said of the paleoenvironmental setting of
the Straight Cliffs Formation, based on palynology, that is
not already evident from consideration of stratigraphy, sedi-
mentology, and lithology. As mentioned, the most common
species of pollen and spores in the formation are similarly
common in contemporaneous rocks throughout the Western
Interior region. In this study these species were recovered
from a variety of depositional environments ranging from
tidal estuaries through coastal plain, fluvial floodplain, and
coal-forming mire. A few observations are worth summariz-
ing, however.

About 50 percent of samples collected from intervals
interpreted as tidal or tidally influenced deposits (tables 1
and 2) contain rare marine dinoflagellate cysts (dinocysts).
Their presence substantiates the sedimentological evidence
of tidal influence for these samples. The relative abundance
of dinocysts is less than 1 percent in those samples, and addi-
tional scans of slides prepared from the other samples inter-
preted as deposited under tidal influence may reveal
dinocysts in some of them, as well. Dinocysts were recorded
also in two samples from core SMP-1-91 (table 1) and two
from CT-1-91 (table 2) that have been interpreted as being
from floodplain deposits. The paleoenvironment of these
deposits may bear reevaluation, but their stratigraphic posi-
tion is in close proximity to beds deposited under tidal influ-
ence (Hettinger, 1993, 1995). It is noteworthy that the
presence of dinocysts in rocks deposited so far from a marine
environment would have been difficult to interpret, had not
the stratigraphic and sedimentologic analyses indicated the
presence of tidally influenced deposits. These specimens
might have been interpreted simply as out of place, perhaps
as reworked from underlying marine rocks.

Although data are limited, the palynoflora of coal sam-
ples analyzed suggests that the vegetation of the coal-
forming mires was dominated by ferns and mosses, with cer-
tain angiosperms also present as major components. Inter-
pretations are based on analyses of selected samples from
two thick coal beds (D8020 and D8068), and from two thin
coal beds in core SMP-1-91 and three thin coal beds in CT-
1-91 (see tables 1 and 2).

That these mires were raised bogs, as suggested by
McCabe and Shanley (1992), is reasonable. Sphagnum moss
(represented by several species of the spore genus Stere-
isporites) is common in several samples of coal analyzed.
In some modern peat-forming environments, sphagnum
moss forms raised bogs. However, sphagnum moss clearly
was only one component of mire vegetation, and it did not
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Table 3. Alphabetical and numerical lists of palynomorph taxa recorded in samples from core SMP-1-91.

[Numbers are keyed to the distribution chart (fig. 5)]

Alphabetical list

Numerical list

Aequitriradites spinulosus (Cookson & Dettmann) Cookson &
Dettmann (24)

Appendicisporites spp. (2)

Araucariacites australis Cookson ex Couper (26)

Arecipites sp. 1 (43)

Arecipites sp. 2 (50)

Biretisporites sp. (22)

Callialasporites dampieri (Balme) Dev emend. Norris (27)

Camarozonosporites ambigens (Fradkina) Playford (3)

Cicatricosisporites spp. (4)

Corollina torosa (Reissinger) Klaus emend. Cornet &
Traverse (28)

Cupuliferoidaepollenites spp. (39)

Cupuliferoipollenites sp. (51)

Cyathidites sp. cf. C. diaphana (Wilson & Webster) Nichols &
Brown (11)

Deltoidospora minor (Couper) Pocock (20)

Deltoidospora sp. “T” (5)

Echinatisporis varispinosus (Pocock) Srivastava (7)

Ephedripites sp. “D” (34)

Eucommiidites minor Groot & Penny (29)

Foraminisporis wonthaggiensis (Cookson & Dettmann)
Dettmann (19)

Foveosporites sp. (15)

Foveotricolporites johnhenryensis n. sp. (40)

Gleicheniidites senonicus Ross emend. Skarby, var. 1 (16)

Gleicheniidites senonicus Ross emend. Skarby, var. 2 (12)

Gleicheniidites senonicus Ross emend. Skarby, var. 3 (17)

Laevigatosporites haardtii (Potonié & Venitz)
Thomson & Pflug (6)

Liliacidites sp. (46)

Matonisporites sp. (8)

Microreticulatisporites sp. (14)

Nyssapollenites albertensis Singh (36)

Nyssapollenites sp. (37)

Ornamentifera echinata (Bolkhovitina) Bolkhovitina (23)

“Palaeoisoetes” sp. (21)

Pityosporites spp. (25)

Plicapollis rusticus Tschudy (44)

Pristinuspollenites sp. (33)

Proteacidites spp. (48)

Pseudoplicapollis cuneata Christopher (49)

Pseudoplicapollis triradiata Jameossanaie (52)

Quadripollis krempii Drugg (32)

Reticuloidosporites pseudomurii Elsik (18)

Rhoipites spp. (45)

Rugubivesiculites sp. (31)

Sparganiaceaepollenites hospahensis Jameossanaie (53)

Stereisporites spp. (13)

Taxodiaceaepollenites hiatus (Potonié) Kremp (30)

Triatriopollenites granulatus (Simpson) Leffingwell (54)

Tricolpites minutus Sah & Kar (35)

Tricolpites spp. (41)

Triporoletes novomexicanus (Anderson) Srivastava (9)

Triporopollenites sp. 1 (47)

Triporopollenites sp. 2 (42)

Algal cysts, undifferentiated (55)

Dinocysts, undifferentiated (1)

Other pollen (38)

Other spores (10

1 Dinocysts, undifferentiated
2 Appendicisporites spp.
3 Camarozonosporites ambigens (Fradkina) Playford
4 Cicatricosisporites spp.
5 Deltoidospora sp. “T”
6 Laevigatosporites haardtii (Potonié & Venitz) Thomson & Pflug
7 Echinatisporis varispinosus (Pocock) Srivastava
8 Matonisporites sp.
9 Triporoletes novomexicanus (Anderson) Srivastava
10 Other spores
11 Cyathidites sp. cf. C. diaphana (Wilson & Webster)
Nichols & Brown
12 Gleicheniidites senonicus Ross emend. Skarby, var. 2
13 Stereisporites spp.
14 Microreticulatisporites sp.
15 Foveosporites sp.
16 Gleicheniidites senonicus Ross emend. Skarby, var. 1
17 Gleicheniidites senonicus Ross emend. Skarby, var. 3
18 Reticuloidosporites pseudomurii Elsik
19 Foraminisporis wonthaggiensis (Cookson & Dettmann)
Dettmann
20 Deltoidospora minor (Couper) Pocock
21 “Palaeoisoetes” sp.
22 Biretisporites sp.
23 Ornamentifera echinata (Bolkhovitina) Bolkhovitina
24 Aequitriradites spinulosus (Cookson & Dettmann)
Cookson & Dettmann
25 Pityosporites spp.
26 Araucariacites australis Cookson ex Couper
27 Callialasporites dampieri (Balme) Dev emend. Norris
28 Corollina torosa (Reissinger) Klaus emend. Cornet & Traverse
29 Eucommiidites minor Groot & Penny
30 Taxodiaceaepollenites hiatus (Potoni€) Kremp
31 Rugubivesiculites sp.
32 Quadripollis krempii Drugg
33 Pristinuspollenites sp.
34 Ephedripites sp. “D”
35 Tricolpites minutus Sah & Kar
36 Nyssapollenites albertensis Singh
37 Nyssapollenites sp.
38 Other pollen
39 Cupuliferoidaepollenites spp.
40 Foveotricolporites johnhenryensis n. sp.
41 Tricolpites spp.
42 Triporopollenites sp. 2
43 Arecipites sp. 1
44 Plicapollis rusticus Tschudy
45 Rhoipites spp.
46 Liliacidites sp.
47 Triporopollenites sp. 1
48 Proteacidites spp.
49 Pseudoplicapollis cuneata Christopher
50 Arecipites sp. 2
51 Cupuliferoipollenites sp.
52 Pseudoplicapollis triradiata Jameossanaie
53 Sparganiaceaepollenites hospahensis Jameossanaie
54 Triatriopollenites granulatus (Simpson) Leffingwell
55 Algal cysts, undifferentiated
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Table4. Alphabetical and numerical lists of palynomorph taxa recorded in samples from core CT-1-91.

[Numbers are keyed to the distribution chart (fig. 6)]

Alphabetical list

Numerical list

Appendicisporites spp. (15)

Araucariacites australis Cookson ex Couper (23)

Arecipites spp. (38)

Callialasporites dampieri (Balme) Dev emend. Norris (22)

Camarozonosporites ambigens (Fradkina) Playford (10)

Cicatricosisporites spp. (7)

Corollina torosa (18)

Cupuliferoidaepollenites spp. (27)

Cupuliferoipollenites sp. (36)

Cyathidites sp. cf. C. diaphana (Wilson & Webster) Nichols &
Brown (17)

Deltoidospora minor (Couper) Pocock (4)

Deltoidospora sp. “T” (13)

Echinatisporis varispinosus (11)

Ephedripites sp. “D” (19)

Foraminisporis wonthaggiensis (Cookson & Dettmann) Dettmann
(5)

Foveotricolporites johnhenryensis n. sp. (34)

Gleicheniidites spp. (6)

Laevigatosporites haardtii (Potonié & Venitz) Thomson & Pflug
)

Microreticulatisporites sp. (12)

Nyssapollenites albertensis (35)

Nyssapollenites sp. (28)

Ornamentifera echinata (Bolkhovitina) Bolkhovitina (16)

Pityosporites spp. (24)

Plicapollis rusticus Tschudy (39)

Pristinuspollenites sp. (26)

Proteacidites spp (32)

Pseudoplicapollis spp. (40)

Quadripollis krempii Drugg (25)

Reticuloidosporites pseudomurii Elsik (8)

Rhoipites spp. (31)

Rugubivesiculites sp. (20)

Stereisporites spp. (9)

Taxodiaceaepollenites hiatus (Potonié) Kremp (21)

Tricolpites minutus Sah & Kar (30)

Tricolpites spp. (29)

Triporoletes novomexicanum (Anderson) Srivastava (14)

Triporopollenites spp. (37)

Dinocysts, undifferentiated (1)

Other pollen (33)

Other spores (3)

1 Dinocysts, undifferentiated
2 Laevigatosporites haardtii (Potonié & Venitz) Thomson & Pflug
3 Other spores
4 Deltoidospora minor (Couper) Pocock
5 Foraminisporis wonthaggiensis (Cookson & Dettmann)
Dettmann
6 Gleicheniidites spp.
7 Cicatricosisporites spp.
8 Reticuloidosporites pseudomurii Elsik
9 Stereisporites spp.
10 Camarozonosporites ambigens (Fradkina) Playford
11 Echinatisporis varispinosus
12 Microreticulatisporites sp.
13 Deltoidospora sp. “T”
14 Triporoletes novomexicanum (Anderson) Srivastava
15 Appendicisporites spp.
16 Ornamentifera echinata (Bolkhovitina) Bolkhovitina
17 Cyathidites sp. cf. C. diaphana (Wilson & Webster)
Nichols & Brown
18 Corollina torosa
19 Ephedripites sp. “D”
20 Rugubivesiculites sp.
21 Taxodiaceaepollenites hiatus (Potoni€) Kremp
22 Callialasporites dampieri (Balme) Dev emend. Norris
23 Araucariacites australis Cookson ex Couper
24 Pityosporites Spp.
25 Quadripollis krempii Drugg
26 Pristinuspollenites sp.
27 Cupuliferoidaepolienites spp.
28 Nyssapollenites sp.
29 Tricolpites spp.
30 Tricolpites minutus Sah & Kar
31 Rhoipites spp.
32 Proteacidites spp.
33 Other pollen
34 Foveotricolporites johnhenryensis n. sp.
35 Nyssapollenites albertensis
36 Cupuliferoipollenites sp.
37 Triporopollenites spp.
38 Arecipites spp.
39 Plicapollis rusticus Tschudy
40 Pseudoplicapollis spp.

inhabited raised bogs in the area, and that contributed to the
accumulation of coal-forming peat.

As mentioned, pollen of taxodiaceous conifers such
as that which dominates palynological assemblages from
most thick Tertiary coal beds in the region is very rare.
Thus no palynological evidence is available that conifer-
ous trees were major contributors to Straight Cliffs coal.
Further detailed analyses of Straight Cliffs coal-deposi-
tional environments represented by thick coal beds are
warranted, especially in conjunction with coal-petro-
graphic analyses.

CONCLUSIONS

Palynologic analyses demonstrate the presence of two
regional palynostratigraphic zones in upper Turonian
through upper Santonian strata of the Straight Cliffs Forma-
tion in the Kaiparowits Plateau. This stratigraphic interval
includes the upper part of the Smoky Hollow Member, the
John Henry Member, and lower part of the Drip Tank Mem-
ber of conventional lithostratigraphy, and corresponding,
recently defined sequence-stratigraphic units, namely the
upper part of the Tibbet sequence, the Calico and
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A- sequences, and the lower part of the Drip Tank sequence.
The Nyssapollenites albertensis Zone (upper Cenomanian
through mid-Coniacian) is present in the upper part of the
Smoky Hollow Member and lower part of the John Henry
Member (=uppermost part of the Tibbet sequence and the
Calico sequence), and the Proteacidites retusus Zone (mid-
Coniacian through upper Santonian) is present in the middle
and upper parts of the John Henry Member and lowermost
part of the Drip Tank Member (=the A- sequence and lower-
most part of the Drip Tank sequence). No palynomorphs
indicative of Campanian age were found in the Drip Tank
Member, but very few samples from the Drip Tank were
available for analysis.

The boundary between the two palynostratigraphic
zones coincides with the position of the A- sequence bound-
ary as interpreted in the cores by Hettinger (1993, 1995).
Limited palynostratigraphic data also tend to confirm the
interpreted position of the Calico sequence boundary. The
interpreted position of the Drip Tank sequence boundary has
not been confirmed, but too few samples were available to
resolve this question with certainty on the basis of palyno-
stratigraphy.

Tidally influenced deposits in transgressive and high-
stand systems tracts are indicated by the presence of rare
marine dinocysts in predominantly nonmarine strata. They
confirm Hettinger’s (1993, 1995) interpretation of deposi-
tional environment of these beds. These dinocysts are found
at considerable distance from the ancient shoreline and
would be otherwise difficult to account for in predominantly
fluvial deposits.

Unusually thick coal beds are present in the John Henry
Member, in highstand systems tracts landward of stacked
shoreface parasequences that form the Straight Cliffs escarp-
ment. Palynological analyses of coal samples indicate that
the vegetation of the coal-forming mires consisted largely of
ferns and sphagnum moss together with certain species of
angiosperms. The mire floras may have included arboreal
angiosperms.

Some species of angiosperm pollen in the Straight
Cliffs palynoflora are biostratigraphically important forms,
especially pollen of the Normapolles complex and certain
other triporates. Records of occurrence of some pollen and
spore species in the study area are contributions to knowl-
edge of Upper Cretaceous palynostratigraphy. One species
of angiosperm pollen is new.

Additional palynostratigraphic studies of the Straight
Cliffs Formation, especially the unsampled basal and upper-
most parts, should provide further tests of sequence-strati-
graphic interpretations of these largely nonmarine strata.
Further detailed palynologic studies of the thick coal beds
should provide a more complete overview of the nature of
the coal-forming mires, especially if conducted in close col-
laboration with coal-petrographic analyses.

TAXONOMIC NOTES

The following comments provide some detail about
selected pollen and spore species present in the Straight
Cliffs palynoflora. They may serve in further investigations
of the palynology of the Kaiparowits area. Formal descrip-
tion of a new species is given. After this description, several
previously described taxa are discussed in alphabetical
order.

FOVEOTRICOLPORITES JOHNHENRYENSIS n. sp.

Plate 1, figures 17-20.

Holotype: Slide D7993-I (1), England Finder coordi-
nates 27L/1; plate 1, figure 17.

Type Repository: U.S. Geological Survey, Denver lab-
oratory, Palynological Type Collection.

Description: Tricolporate pollen, spheroidal to oblate,
amb triangular to slightly rounded triangular with blunt cor-
ners; colpi bordered by prominent margines of thickened
ektexine 1-1.5 pm wide, extending about one-half of radius
toward poles on each hemisphere; pori circular, unbordered,
=].5 pm in diameter, obscure in polar view; sculpture fove-
olate to foveo-reticulate, lumina 0.5-1.0 pm, muri 0.5-1.0
um, sculpture tending to become finer toward colpi; exine
=1.5 pum thick; diameter of grains 20-27 um, most less than
25 um (19 specimens measured).

Comparison: The genus Foveotricolporites was pro-
posed by Pierce (1961) for foveolate, tricolporate pollen; the
type species is F. rhombohedralis Pierce. Foveotricolporites
johnhenryensis n. sp. differs from F. rhombohedralis from
the Cenomanian of Minnesota in having prominent margines
and in its oblate rather than prolate form. It differs from F.
callosus Singh from the Cenomanian of Alberta in its oblate
rather than prolate form, and from Tricolporopollenites sp. 2
of May (1972) from the Turonian of Utah, with which Singh
(1983) compared his species, in form and in smaller size. No
other species of Foveotricolporites have been described
from the Cretaceous. Foveotricolporites johnhenryensis n.
sp. differs from Margocolporites varireticulatus Jameossan-
aie from the Campanian of New Mexico, to which it bears
resemblance, in having oblate rather than prolate form, in
tending to have a rounded triangular amb rather than straight
to concave sides, and in having shorter colpi. It differs from
species of Nyssapollenites in the Straight Cliffs palynoflora
and elsewhere in having foveolate sculpture, and from
Straight Cliffs species and others belonging in the genus
Rhoipites in being oblate rather than prolate, and in having
unbordered pores.

Occurrence: John Henry Member of the Straight Cliffs
Formation (Coniacian-Santonian), Kaiparowits Plateau,
Utah. This species is present in about one third of the sam-
ples analyzed.
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ARECIPITES spp.

Plate 1, figures 7-8.

Pollen assigned to this genus is monosulcate and acumi-
nate-oval in polar view. Specimens from the Straight Cliffs
Formation are 15-20x30-35 um in size. The exine is thin,
two-layered, and foveolate to finely reticulate. Two species
are informally recognized in this study, one having slightly
coarser sculpture than the other. Too few specimens were
recorded to provide a basis for formal description of new
species.

Pollen of this morphology is characteristic of the palm
family, Arecaceae (also called Palmae). Similar pollen is
common in younger Cretaceous rocks in western North
America, but the Kaiparowits specimens may be the strati-
graphically oldest, well-documented specimens of palm pol-
len so far recorded. Similar specimens are present in the
Straight Cliffs Formation in the Markagunt Plateau area of
southwestern Utah (D.J. Nichols, unpub. data, 1994).

COROLLINA TOROSA (Reissinger) Klaus emend. Cornet & Traverse

Plate 1, figure 6.

Pollen of the species Corollina torosa is present in
almost all samples of the Straight Cliffs Formation, includ-
ing those from coal, although it is relatively rare in samples
from the thick coal here designated bed D8020. It tends to
dominate assemblages from below and within the Calico
bed, from some levels sampled within the John Henry Mem-
ber, and from the Drip Tank Member.

This species was produced by gymnosperms of the
extinct family Hirmerelliaceae, cheirolepidiaceous conifers
(Traverse, 1988), and it can be considered as characteristic
of the Straight Cliffs palynoflora. The plants that produced
this pollen must have been prominent members of the plant
communities of the Kaiparowits area in mid-Cretaceous (late
Turonian through Santonian) time. They apparently were
warmth-loving shrubs that grew in thickets in low-lying
environments marginal to water (Traverse, 1988).

CUPULIFEROIDAEPOLLENITES spp.

Plate 1, figure 9.

Small, psilate tricolpate pollen from the Straight Cliffs
Formation was assigned to Cupuliferoidaepollenites spp.
Most of these specimens belong to the species C. minutus
(Brenner) Singh, which is illustrated in plate 1. This pollen
is present at least in low numbers in almost all samples and
is abundant in some. The specimens recovered have negligi-
ble biostratigraphic or paleoecologic significance but are
noteworthy as components of the Straight Cliffs palynoflora.
They probably represent species of the family Fagaceae.

CYATHIDITES sp. cf. C. DIAPHANA (Wilson & Webster)
Nichols & Brown

Plate 1, figure 2.

This species is trilete, rounded-triangular in outline
with strongly concave sides, and psilate. The laesurae extend
little more than halfway from the proximal pole to the mar-
gin. Specimens closely resemble Cyathidites diaphana, an
upper Maastrichtian and lower Paleocene species. The Kaip-
arowits species is common throughout the Straight Cliffs
Formation. These spores were produced by ferns that were
present in several Straight Cliffs depositional environments
and were not restricted to the coal-forming mires of the John
Henry Member, where other species of fern were common.
Although the genus name suggests affinity with the modern
tree-fern genus Cyathea, there is no evidence that these
spores represent tree ferns.

ECHINATISPORIS VARISPINOSUS (Pocock) Srivastava
Plate 1, figure 3.

This species is trilete (although the laesurae are
obscured on most specimens), circular in outline, and dis-
tinctively echinate. It presumably was produced by some
kind of fern, although its precise botanical affinity is unclear.
These spores are common throughout the Straight Cliffs For-
mation, are present in most samples analyzed, and are abun-
dant in some. The species has a long range in the Cretaceous
of western North America and is notable in the Straight
Cliffs palynoflora only because it is so common.

GLEICHENIIDITES spp.
Plate 1, figure 4.

Spores assigned to Gleicheniidites spp. in this study are
trilete, triangular, and psilate, and are distinctive in having
the prominent interradial crassitudes characteristic of the
genus. All specimens recorded or observed can be assigned
to the rather broadly defined species Gleicheniidites senoni-
cus Ross emend. Skarby. Among Straight Cliffs specimens,
as many as three species might be distinguished on the basis
of details of morphology such as diameter and extent of
development of interradial crassitudes, but only cursory
effort was made to make such distinctions because the mor-
phologic variants do not differ in stratigraphic occurrence.

These spores, which were produced by gleicheniaceous
ferns, are present in almost all samples of the John Henry
Member. They are especially common in coal samples and
probably represent one or more species of fern that inhabited
coal-forming mires in the Kaiparowits area in Late Creta-
ceous time.

NYSSAPOLLENITES ALBERTENSIS Singh
Plate 1, figure 16.

Nyssapollenites albertensis is tricolporate and psilate,
and small in size. The species is present throughout the
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Straight Cliffs Formation. Although it is not especially com-
mon, it is important because it signifies the presence of the
upper Cenomanian to middle Coniacian Nyssapollenites
albertensis Interval Zone (Nichols, 1994). This zone is
present in the lower part of sections sampled in each core,
below the position of the A- sequence boundary. Above that
horizon, this species occurs with Proteacidites retusus in the
Proteacidites retusus Interval Zone (middle Conia-
cian—upper Santonian).

PLICAPOLLIS RUSTICUS Tschudy

Plate 1, figure 15.

Plicapollis rusticus is a morphologically distinctive
species of the Normapolles complex of pollen originally
described from the upper Campanian of Tennessee by
Tschudy (1975). Specimens are triporate and the apertures
are complexly structured, as is characteristic of Normapolles
pollen, and this species is characterized by a prominent trira-
diate plication or thickening of the exine centered at the pole
and extending to the apertures. The specimens recorded in
this study are from 25 to 29 um in diameter (nine specimens
measured).

As mentioned, similar specimens, probably of the same
species, were illustrated by Tschudy (1980) from the Cre-
vasse Canyon (Coniacian-Santonian) and Menefee Forma-
tions (Santonian) in New Mexico. In the Kaiparowits
Plateau, this species is present within the John Henry Mem-
ber of the Straight Cliffs Formation.

PROTEACIDITES spp.

Plate 1, figures 11-12.

Proteacidites spp. includes one or more species of dis-
tinctive triporate, reticulate pollen as illustrated in plate 1.
Two species, P. retusus Anderson and P. thalmannii Ander-
son, were described from New Mexico by Anderson (1960),
but many more species may exist in the Senonian rocks of
the region. Straight Cliffs Formation specimens resemble
these, but no attempt has been made to resolve their taxon-
omy and nomenclature at the species level.

Species of Proteacidites are among the most biostrati-
graphically important kinds of pollen in western North
America, because they are present throughout the Upper
Cretaceous, from the Coniacian through the Maastrichtian.
As noted in the discussion of palynostratigraphy, the strati-
graphic range of the genus is of special importance in this
study. It defines the presence of the middle Coniacian-upper
Santonian Proteacidites retusus Interval Zone in the John
Henry Member of the Straight Cliffs Formation specifically
within the A- sequence as determined in the cores by Het-
tinger (1993, 1995). Presence of this biozone reconfirms the
age of the formation, which was previously determined (with
some uncertainty) on the basis of its molluscan fauna. It also
demonstrates that the palynostratigraphic zone, which has its

stratotype in western Wyoming, extends as far south as the
Kaiparowits area of southern Utah.

PSEUDOPLICAPOLLIS CUNEATA Christopher

Plate 1, figure 13.

Pseudoplicapollis cuneata is another member of the
Normapolles complex of pollen. The triporate apertures are
distinctive in internal structure. This species is distin-
guished from others of the genus by the absence of triradi-
ate plications at the poles. As mentioned, this species was
first described from the Santonian of the Atlantic Coastal
Plain by Christopher (1979) and also has been reported
from the lower Campanian of New Mexico by Jameossan-
aie (1987). In the Kaiparowits Plateau, it is present in the
John Henry Member of the Straight Cliffs Formation above
the position of the A- sequence boundary as determined in
cores SMP-1-91 and CT-1-91 by Hettinger (1993, 1995).

RETICULOIDOSPORITES PSEUDOMURII Elsik

Plate 1, figure 5.

This monolete spore is characterized by rough and
irregular sculpture that vaguely resembles reticulation. This
species differs from the other species of monolete spore in
the Straight Cliffs palynoflora, Laevigatosporites haardtii
(not illustrated), in its distinctive sculpture.

Reticuloidosporites pseudomurii is biostratigraphically
important because it serves to verify the presence of the Pro-
teacidites retusus Interval Zone in the Straight Cliffs Forma-
tion. It is present only above the A- sequence boundary in
core CT-1-91, but it occurs in two samples below this strati-
graphic level, still within the John Henry Member, in core
SMP-1-91.

STEREISPORITES spp.

Plate 1, figure 1.

Stereisporites spp. includes species that are assigned by
some authors to one or more of the genera Cingutriletes, Dis-
tanocorisporis, Distverrusporis, and Sphagnumsporites.
Several distinguishable species are present in the Straight
Cliffs palynoflora, although only one is illustrated in plate 1.

These spores were produced by Cretaceous species
related to the modern genus Sphagnum, sphagnum moss.
They have no biostratigraphic value because they are known
throughout the Upper Cretaceous (as well as older and
younger strata), but they are ecologically important because
they indicate the presence of sphagnum bogs in the Kaipa-
rowits area during the Coniacian and Santonian. These
spores are present throughout the coal-bearing John Henry
Member of the Straight Cliffs Formation and are notably
abundant in some samples, especially of coal. As mentioned,
the coal-forming mires (or bogs) of the John Henry Member
also contained abundant ferns (some fern spores are illus-
trated in pl. 1, figs. 2-5) and some angiosperms.
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TRICOLPITES spp.

Plate 1, figure 10.

Small, reticulate, tricolpate pollen is common in the
Straight Cliffs palynoflora, occurring in most samples and
all members of the formation. Two species were distin-
guished on the basis of coarseness of sculpture, only one of
which is illustrated in plate 1. These species have no bio-
stratigraphic value because they or others virtually indistin-
guishable from them are common throughout the Cretaceous
and Tertiary of western North America. They have little eco-
logic value, either, because they could represent a wide vari-
ety of angiosperms having a variety of ecologic preferences.
Botanical affinity probably is with the Platanaceae.

TRIPOROPOLLENITES spp.

Plate 1, figure 14.

Several species of triporate pollen, other than species of
the Normapolles complex mentioned previously, are present
in the samples analyzed in this study. Only one is illustrated
in plate 1. These species differ from Normapolles triporates
in having simple aperture structure. They represent several
species of angiosperms present in the Kaiparowits area dur-
ing Coniacian and Santonian time, none of which was espe-
cially abundant. However, their presence serves to
characterize the Straight Cliffs palynoflora.
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