Chapter 5
Pollen and Spores

J. FRED STONE
Mobil Exploration and Production Services, Inc.
Dallas, Texas

INTRODUCTION

This chapter contains an account of the assemblage of
pollen and spores which has been extracted from six samples
of the Ciniza Lake Beds. The assemblage is compared with
those previously described from che Chinle Formation, Dock-
um Group, Newark Group, and certain other Triassic units.
Four samples analyzed (FW1-2a, 2¢, 2e, 3h) are in stratigra-
phic succession at one locality (section FW1) as shown in
chapter 1, figure 17, whereas the other two came from sec-
tion FW6 (chap. 1, fig. 4). Palynomorphs are abundant and
well preserved in all samples, but the assemblage is not very
diverse as it contains only 19 species. In general, it is domi-
nated by nonstriate bisaccate grains and contains only a few
trilete forms.

Random counts of 200 palynomorphs were made from
each sample (fig. 1). In terms of relative abundance, only
four species, Prtyosporites chinleana, Klausipollenites sp., Patr-
nasporites densus, and  Minntosaccus schizeatus are important.
Klausipollenites sp. and Pityosporites chinleana fluctuate as the
dominant species, The lower portion of the lake beds is char-
acterized by abundant Minutesaccus schizeatus whereas Pati-
nasporites densus is more abundant in the upper lake bed. The
two samples from section FW6 are stratigraphically equiva-
lent to the upper lake beds at section FW1 and have percent-
ages comparable to the uppermost sample (FW1-2h).

COMPARISONS AND AGE OF THE LAKE CINIZA ASSEMBLAGE

From the distribution chart (table 1) it can be seen that
the assemblage of pollen and spores extracted from the sedi-

ments of Lake Ciniza compares quite closely with only two
previously described assemblages. One has been incompletely
described (Daugherty 1941, Peabody and Kremp 1964, Got-
tesfeld 1972) from the Chinle Formation in Petrified Forest
National Park in Arizona (table 1), The similarity is not un-
expected as both assemblages occur in the lower part of the
Chinle at localities only about 113 km apart. As shown in
the table (column 1), the assemblages contain 9 of the same
genera and 4 of the same species. Particularly noteworthy is
the fact that they both contain three distinctive forms—
Alisporites oppi, Pityosporites chinleana, and Egquisetosporites chin-
leana—which are not known beyond the southwestern United
States. Undoubtedly, when the Petrified Forest assemblage is
described fully, it will be found to contain many more of the
Lake Ciniza forms.

The Lake Ciniza assemblage also compares remarkably
closely with the one described in detail by Dunay (1972)
from the Late Trassic Dockum Group at several localities
about 645 km east of Fort Wingate in the Texas panhandle.
A comparison (table 1) of the rwo assemblages shows that
they contain at least 12 of the same genera and 8 identical
species. In addition, the Dockum assemblage also contains
the 3 distinctive forms mentioned above, and there is little
doubt the two are closely related.

On the other hand, the Lake Ciniza assemblage is re-
markably unlike that described (Schultz and Hope 1973)
from the lower part of the Upper Triassic Newark Group in
the Pekin Formation of North Carolina. That assemblage is
also distinct from other Late Triassic ones now known from
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FIGURE 1. —Relative abundance of the species of palynomorphs extracted from certain samples of the Ciniza Lake Beds The position of the sample localities is

shown in chapter 1, figure 21
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TABLE 1
DISTRIBUTION OF THE 19 SPORES IDENTIFIED IN THE DEPOSITS OF LAKE CINIZA AT SELECTED UPPER TRIASSIC LOCALITIES.
X, same species and genus. O, genus only represented. *, distinctive Chinle-Dockum species not known beyond the Southwest.
North America Europe
LOCALITY
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1 [2]3]a|5|6|7 (8|90 ]12]13]|14|I5
Enzonalasporites vigens X x [x|[x|x]o]o
Brodispora striata x | x
Dictyophyliidites harrisii g olo|lo]lo X X
Verrucosisporites fumulosus o | x o olo % o | x o
¥ sp. oo o] o|o o} o|o 0
Reticulatisporites jenensis o 0
Vitreisporites pailidus X 0 x| o
*4/isporites opii x|[x|olo|ojo|lo]|o ololo|o
A. gottesfeldi n.sp. c|lo|lo|o|o|Oo]|O|O olo|ojo
Cycadopites fragilis o|lx|olo|x|o|o]d 0 0
C. weilandii oclolo|lo|o|olo|d 0 0
Granamonocolpites luisae 0
Platysaccus sp. o} 0 0 o|o|o
Patinasporites densus o|[x|o]o olo| x| x| x|o|x|«x
*Pf'fyospon'fes chinleana x | x 0 0 o|o
Minutosaccus schizeatus o X
Klausipolfenites sp. 0| x o|lo|o|oO o
Granosaccus sulcafus X
*c quisetosporites chinleana x | x .
LOCALITIES AND SOURCES OF DATA
1. Chinle Formation, Petrified Forest, Arizona: Daugherty 1941, Peabody and Kremp 1964, Gortesfeld 1972,
2. Dockum Group, panhandle of Texas: Dunay 1972, Dunay and Traverse 1971.
3. Newark Group (Pekin Formation), Norch Carolina: Schultz and Hope 1973.
4. Newark Group (Cumnock Formarion), North Carolina: Koob 1961, Gottesfeld 1972.
5. Heiberg Formation, Ellesmere Island, Canada: McGregor 1965.
6. Los Rastros Formation, Argentina: Herbst 1963, 1970.
7. Keuper Marl, England: Clarke 1965.
8. Arden Sandstone and Keuper Marls, England: Fisher 1972.
9. Keuper (Karnian), Switzerland: Leschik 1955.
10. Keuper, Switzerland: Scheuring 1970.
11. Keuper, Austria: Klaus 1960. "
12. Keuper, Austria: Bharadwaj and Singh 1964, Dunay 1972,
13. Keuper, Germany: Madler 1964,
14. Ipswich Coal Measures, Australia: de Jersey 1962. 3
15. Brady Formation and “feldspathic sandstone,” Tasmania: Playford 1965.

'As Monssulcie,
1 As Caytonipolintes.
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the Southwest (table 1). These findings are rather unexpect-
ed as it was assumed that the Chinle-Dockum sequences
were of about the same age as the Newark and contained a
similar assemblage (Gottesfeld 1972). According to the work
of Schultz and Hope, the Pekin does not conrain any of the
specics in the Ciniza Lake Beds, including the distinctive
Chinle-Dockum  forms. In fact it contains only 5 generas
known from the Ciniza Lake Beds, and most of them range
from the Permian into the Jurassic or into even younger
rocks (table 2). The Pekin assemblage is dominated by circu-
lar and criangular trilete forms, and it contains only a few bi-
saccate forms in contrast to the assemblage described here
which consists mainly of bisaccate forms. One noteworthy
form described from the Pekin is Classgpollis. Representatives
of that genus are not known from either the Chinle or the
Dockum, but elsewhere they occur in the rocks of latest
(Rhaetian) Triassic age.

The assemblage described here contains 7 of the same
genera that occur in the Cumnock Formation in the Newark
Group of North Carolina (Koob 1961, Gorttesfeld 1972).
Most of them, however, are long-ranging forms, such as
Alisporites, and thus are not particularly useful for correlation.
Although Gotresfeld (1972) stated that “at least 50% of the
species [of the Chinle and Cumnock assemblages) are the
same or closely related,” he did not name any of them. Thus
it is impossible to compare the two assemblages on a specific
level at this time.

The Lake Ciniza assemblage is not very closely related to
the assemblage found in the Upper Triassic Heiberg Forma-
tion of Canada’s Ellesmere Island. Although that unit con-
tains more than 50 species (McGregor 1965), only one of
them and 4 of the genera have been identified in the Ciniza
Lake Beds (column 5, table 1). The assemblage described
here is also distinct from the small assemblage described
(Herbst 1965) from the Upper Triassic Los Rastros Forma-
tion in Argentina as that microflora contains only 4 of the
same genera (column 6, wable 1). Just a few of the many spe-
cies and genera that have been described from the Upper
Triassic (Keuper) of Europe occur also in the sediments of
Lake Ciniza (columns 7-13, table 1). Eight genera and 3 spe-
cies of the Lake Ciniza assemblage were reported in the Keu-
per of England (Clarke 1965, Fisher 1972). In Germany 5 of
the same genera and 3 of the same species were described
from the Upper Triassic rocks by Midler (1964). Leschik
(1955) and Scheuring (1970) report 6 of the same genera
and 3 of the same species in the Keuper of Switzerland.
Klaus (1960) and Dunay (1972) have described 8 of the Lake
Ciniza genera and 2 of the species in the Keuper of Ger-
many. The Upper Triassic rocks of Australia and Tasmania
have yielded several fairly large assemblages, yer they contain
only 5 of the same genera and 1 of the same species that oc-
cur in the Ciniza Lake Beds.

In summary, the assemblage of pollen and spores de-
scribed here compares rather closely with those known from
the Chinle Formation in the Petrified Forest of Arizona and
the Dockum Group in the panhandle of Texas. Many species
and genera are common to the three assemblages including 3
distinctive forms unknown outside the southwestern Unirted
States. The Lake Ciniza assemblage contains only a few gen-
cra known from the Newark Group of the eastern United
States, the two assemblages appear to be not very closely re-
lated. Although many Lake Ciniza genera and a few species
do occur in certain other Upper Triassic localities elsewhere
in the world, it is apparent that those assemblages are not

very closely related. In general, it seems that the farther one
goes from che Southwest with comparisons, the fewer Lake
Ciniza (and Chinle-Dockum) species are found and the more
distinct the assemblages become.

These resules agree with those of Ash (1970), who found
that the Chinle-Dockum planc megafossils appear to be only
distantly related to other Upper Triassic floras. The dis-
tinctive nature of the Chinle-Dockum floras may be due to
the paleoecological conditions in the Southwest during the
Late Trassic. Or it may be due to the fact that no flora of
equivalent age has yer been described. Wharever the reason,
it seems that a major portion of the Upper Triassic vegeta-
tion is restricted to the Southwest and thus cannot be used
for close correlation with other areas.

The absence of many Lake Ciniza (and Chinle-Dockum)
spore and pollen species beyond the -Southwest makes it diffi-
cult to determine the age of the deposit. The genera, how-
ever, are somewhat more widely distributed so they can be
uscful in this regard as discussed by Dunay (1972) in his
study of the pollen and spore flora of the Dockum Group.
Much of what he says is applicable to the present in-
vestigation as his assemblage contains many of the same gen-
era as the Lake Ciniza sediments (and cthe Chinle in the Pet-
rificd Forest). Many of them are long ranging and are not
very uscful for dating, as shown in tble 2. For example,
Alisporites and  Pityosporites first appear in the geologic record
in the Pennsylvanian (Fredericksen 1972). Others, such as
Vitreisporites, extend into the Cretaccous (Hughes 1969}
Three of the genera, Enzonalasporites, Brodispora, and Gran-
osaccus, however, are restricted to the Upper Triassic and sug-
gest that the assemblage is probably of Late Triassic age.
This probability is substantiated by the fact that typical
Middle Triassic striace forms and  typical latest  Triassic
(Rhactic) forms, such as Classapollis and Cerebrepollenites, are
absent. Thercefore, it is concluded that the Lake Ciniza sedi-
ments are of carly to middle Late Triassic (Carnian-Norian)
in age.

AFFINITIES

Only a few of the palynomorph species recognized in this
study appear to be related to the plant megafossils found in
the deposits of Lake Ciniza or in adjacent sediments (Ash
chap. 4). For example, Dictygphyliidites barriii may be related
at the Order level to the tern Phicbopterss smithii or Cladaph-
lebis daughertyi, and Verrucosisporites tumulosus may be related
at the Order level to Clathrapteris walkers (Ash 1970). The cy-
cadlike pollen species Cyeadopites fragilis. Cycadupites weitlandis,
and Granomonocelpites Iuisae probably have affinities at the Or-
der level with the megafossils N:'/ﬁamaprem ciniza, Zamites
powelli, and Williamsonia mizhomia. The probable botanical affi-
nities of these and the other pollen and spore form genera
and species found in the deposits of Lake Ciniza are indicated
in table 3.

PALEOECOLOGICAL INTERPRETATION

The abundant elemenes are wind-dispersed bisaccate pol-
len produced by plants that could have grown at some dis-
tance from the site of deposition. On the other hand, the
trilete spores and c¢ycadlike pollen are thought to have origi-
nated from plants growing adjacent to the lake or along
streams that drained into the lake. The relative abundances
shown in figure 1 approximate those given by Gotresfeld
(1971, p. 37, tig. 7) for fleviadle sediments of the Chinle
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Formation except that Gotresfeld’s samples contained a lower
abundance of Prryasperites chinleana.

The relative abundance data for Patinasporites densus (fig.
1) indicates an apparent relationship between the abundance
of the species and the developmental history of the lake. At
least two explanations seem feasible: (1) The steady increase
of P. densus upward in the lake beds (samples 1a-2h) may
represent a successional change in the plant community sur-
rounding the lake with the parent plant of P. densus becom-
ing better established as the lake developed and became filled
with sediments. (2) The increase in P. densws may represent a
response on the part of the parenc plant to climatic change.
If the plant producing P. densus were well adapted to arid
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conditions, a trend toward a drier climate would have al-
lowed it to become more abundant and at the same time
would have resulted in the eventual destruction of the lake.
This explanation seems reasonable as it has been suggested
that Patanasporites densus is an indicator of an arid climate
(Dunay 1973 pers. comm.).

SYSTEMATIC DESCRIPTIONS
Kingdom Plantae

Division Uncertain
Genus ENZONALASPORITES Leschik, 1955
Type spectes: Enzonalasporites vigens Leschik, 1955
Enzonalasporites vigens Leschik, 1955
(fig. 22)

TABLE 2
STRATIGRAPHIC RANGE OF THE MIOSPORE GENERA RECOGNIZED IN THE DEPOSITS OF LAKE CINIZA.
*Range given for Equisetosporites is that of Gnetaceagpollenites of Chaloner, probably the same taxa. Adapted from Chaloner (1969, fig. 14-1),
Dunay (1972, p. 236), and Fredericksen (1972, textfig. 1), with additional dara from Visscher (1968), Reinharde (1964), Rogalska (1962), and

Wilson (1959).

Lower
Triassic

DIVISIONS OF
GEOLOGIC

Middle

. : Triassic
Triassic

Upper

TIME

MIOSPORES

Pre- Triassic

Keuper .
Rhaetian

Carnian | Norian

Post- Triassic

Enzonalasporites
Brodispora
Dictyophyliites

Verrucosporites

Reticulatisporites

Vitreisporifes

Alisporites

Cycadoprtes

Granamonoco/pites

Platysaccus

Patinasporites

Pityosporites

Minutosaccus

Klausipollenites

Granosaccus

Equisetosporites -
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FiGuRe 2 ~Chinle spores and pollen. a.—Enzonalasporites vigens Leschik, 1955 Sample FW6-3, slide 21828A1, coordinates 27.1-113.4, 36 b-e.—Brodispora
srtata Clarke, 1965, b, FWa6-3, 23281A11, 233-112.3, 39 ¢, FW6-3, 23281A12, 39.2-111.2, A2p d, FW6-3, 23281A12, 27.0-114.8, 33p. ¢, FWo6-3,
23281A12, 32.8-113.2, A4~ Dietyophyllditer barrisii Couper, 1958, FW G, 21828A1, 36p. g — Verrucostsporttes tumulosns Leschik, 1055, FW6-3, 21828A1,
275-1127, S0P, h ~Verrucousporrter sp. FW6, 21828A1, 24.0-1256, 24p. 1) —Retrculatrpanites jeneniss (Reinharde and Schmie) n. comb. i, FW1-2a,
29166A2, 3.1-116.1, 65p ), FW1-2¢, 29165A2, 35.0-125.7, 56 k. —Vatressporites palldus (Ressinger) Nilsson, 1958 FWo, 21828A1, 26.7-117.4, 294 |-
m.—A/inanm opei Daugherty, 1941 FW6-3, SEM shde, 1001 1, Scanming cleceron micrograph. m, Photographed in air on a gelann substrate, same spec-
imen as figure 21




50 J. F. STONE

1955 Enzonalasporites vigens Leschik, p. 44, pl. 35, fig. 24.
1955 Enzonalasporites obliguus Leschik, p. 44, pl. 5, figs. 23, 25.
Discussion. —Clarke (1965) discussed the status of the re-
lated species of Enzomalasperites and Zomalasporites Leschik,
1955. The observed size is 324 and 36t for two specimens.
Suggested affinities.—Unknown. Leschik (1955) considered
this form to be monosaccate, but this interpretation was
questioned by Clarke (1965). -
Stratigraphic range.—Upper Triassic. Leschik (1955), Clarke
(1965), Warrington (1970).

TABLE 3
PROBABLE BOTANICAL RELATIONSHIPS OF PALYNOMORPH FORM GENERA
AND SPECIES :

Kingdom Plantae
Division Uncertain
Enzonalasporites vigens (spore?)
Brodispera striata (spore?)
Division Pterophyta
Order Filicales
Family Cheiropleuriaceae?
Dictyophyllidites harrisit
Family Zygopteridaceae
Verrucosisporites tumulosus
Verrucosisporites sp.
Family Uncertain
Reticulatisporites jenensis n. comb.
Division Pteridospermophyta
Order Pterodispermales
Family Caytoniaceae
Vitreisporites pallidus
Family Corystospermaceac
Alisporites opir
Alisporites gottesfeldi n. sp.
Division Cycadophyta or Ginkgophyra
Cycadapites fragilis
Cycadopites weillandii n. comb.
Granemenocolpites luisae
Division Coniferophyta
Order Coniferales
Family Podocarpaceae?
Platysaccus sp.
Family Pinaceae?
Patinasparites densus
Pityosporites chinleana
Order Coniferales?
Minutosaccus schizeatus
Klausipollenites sp.
Granosaccus sulcatus
Equisetosporites chinleana

Genus BRODISPORA Clarke, 1965
Type species: Brodispora striata Clarke, 1965
Brodispora striata Clatke, 1965
(figs. 2b-2¢)

1965 Brodispora striata Clatke, p. 300, pl. 36, figs. 6-9.

Discussion.—'The observed size range is 33-44p for five
specimens.

Suggested affimities.—Unknown, An alete spore?

Stratigraphic range.—Upper Triassic. Clarke (1965).

Division PTEROPHYTA
Order FILICALES
Family CHEIROPLEURIACEAE?
Genus DICTYOPHYLLIDITES Couper, 1958
Type spectes: Dictyophyllidites barrisii Couper, 1958
Dictyophyllidites barrisii Couper, 1958
(fig. 26)

1958 Dictygpiyllidites barrisii Couper, p. 140, pl. 21, figs. 5-6.
Discussaon.—The observed size range is 32-36i for four
specimens.
Suggested affinities.—Cheiropleuriaceae, Dictyophyllum.
Stratigraphic range. —Upper Triassic-Jurassic. Couper
(1958), Bharadwaj and Singh (1964), Playford (1965).

Family ZYGOPTERIDACEAE
Genus VERRUCOSISPORITES (Ibrahim) Potonié and Kremp, 1954
Type species: Verrucosisporites verrucosus 1brahim, 1933
Verrucosisporites tumulosus Leschik, 1955
(fig. 2g)
1955 Verrucosisporites tumulosus Leschik, p. 16, pl. 1, fig. 17.
1964 Verrucosisporites sp. C Bharadwaj and Singh, p. 35, pl. 3,

fig. 66.

Diuscussion. — Trilites klausii of Bharadwaj and Singh (1964)
is similar, but the verrucac were described as being sparsely
spaced. Verrucasisporites sp. C Bharadwaj and Singh, 1964, is
synonymous. The observed size range of this study is 40-58
for 4 specimens.

Suggested  affinities.—Order  Selaginellales and Order Fili-
cales. Potonié (1962) related spores of Verrucosisporites to the
megafossil Sporangiostrobus rugosus Bode, 1928 (Selanginellales),
and to the megafossils Zygopterss Corda, 1845, and Walden-
burgia corynepteroides Gothan, 1950.

Stratigraphic range.—Upper Triassic. Leschik (1955), Bha-
radwaj and Singh (1964).

Verrucosisparites sp.
{fig. 2h)

Discussion.—The specimens are trilete with rays extending
% of the spore radius, The shape in polar view is rounded
triangular with strongly convex to subcircular sides. The or-
namentation is verrucate. The verrucae are irregular in out-
line, elongate, and approximately 44 long by 2p wide. The
verrucae are longer and more abundant on the distal surface.
In contrast, the contact faces of the proximal surface are
practically free of verrucae. The size is 24p and 304 for two
specimens. The spore illustrated by Gottesfeld (1971, p. 34,
fig. 6-20) as Verrucosisporites sp. may be identical.

Suggested affinities.—Order Selaginellales and Order  Fili-
cales.

Stratigraphic range.—Upper Trassic, Chinle Formation.

Family Uncertain
Genus RETICULATISPORITES (lbrahim) Schopf, Wilson, and Benull,
i 1944

Type species: Reticulatisporites reticulatus Ibrahim, 1932

Discussion.—The following species has been removed from
Lycopodium-sporites because that genus is interpreted as having
the ornament reduced or missing on the proximal face. The
present generic assignment may require further investigation
because of the supposed cingulate nature of the type species
of Reticulatisporites (Neves 1964, Smith and Burtterworth
1967), although the uniform reticulation is stressed by Ko-
sanke (1969). The specimens under consideration are not
cingulate and do have the reticulum on the proximal face.

Reticulatisporites jenensis (Reinhardt and Schmicz) n. comb.
(figs. 2i, 2j)
1964 Retitriletes jenensis Reinharde and Schmitz, p. 21, pl. 2,
figs. 3, 6.
1965  Lycopodinmsporites?  jenensis  (Reinharde and  Schmirz)
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Reinharde, p. 610, texttig. 1.

Discussion.—The muri of the Chinle Formation specimens
are about 2.5u wide, irregular in width and discontinuous.
The lumina are S-114 wide. The recculum closely resembles
the reticulum illustrated in text-figure 3 of Reinhardt and
Schmitz {(1964). The observed size is 56 and 654 for two
specimens.

Suggested affinities.—Order Sphenophyllales and Order Fili-
cales. Potonié (1962) related Reticulatisporites to the sphenop-
sid Sphenophyllum Koenig, 1825, and to the ferns Schlerocelypus
oviformis Mamay, 1954, and Scolecgpteris major Mamay, 1950.

Stratigraphic  range.—Triassic.  Reinhardt  and  Schmirz
(1964).

Division PTERIDOSPERMOPHYTA
QOrder PTERIDOSPERMALES
Family CAYTONIACEAE
Genus VITREISPORITES Leschik, 1955
Type species: Vitrersporites signatus Leschik, 1955
Vitreisporites patlidus (Reassinger) Nilsson, 1958
(fig. 2k)
1940 Pityosporites pallidus Reissinger, p. 14.
1950 Pitygpollenites pallidus (Reissinger) Reissinger, p. 109, -pl.

15, figs. 1-5.

1958 Caytonpollenites paliidus (Reissinger) Couper, p. 150, pl.
26, figs. 7, 8.

1958 Vitreisporites pallidus (Reissinger) Nilsson, p. 77, pl. 7,
figs. 12-14. .

Discussion.—The obscrved size is 29 for each of two spec-
imens.

Suggested affinities. —Caytoniaceae, Caytomanthus. However,
no plant megafossils have been found in the Chinle Forma-
tion which could be referred to the Caytoniaceae.

Stratigraphic  range.—Triassic-Cretaceous. This  species is
widely reported in Triassic, Jurassic, and Cretaceous rocks
from various parts of the world. Gorrtesfeld (1971).

Family CORYSTOSPERMACEAE
Genus ALISPORITES Daugherty emend. Jansonius, 1971
Type species: Alisporites apir Daugherty, 1941
Alisporites opii Daugherty, 1941
(figs. 21, 2m, 3a)
1941 Alisporites opti Daugherty, p. 98, pl. 34, fig. 2.

Discussion. — Jansonius (1971) has redescribed and rephoto-
graphed the holotype of A. gpii. The observed size range of
the Lake Ciniza specimens is 127-2354 for three specimens.

Suggested  affinities. —Preridospermales,  Caytoniaceae, and
Corystospermaceac. Poronié (1962) related the genus Alispo-
rites to the corystosperm  Preruchus Thomas, 1933, and to
Caytonanthus oncodes Harris, 1941.

Stratigraphic  range.—Upper Trassic. Daugherty (1941),
Peabody and Kremp (1964), Gottesfeld (1971).

Alisparites gortesfeldi n. sp
(fig. 3b-3f)
1971 Alisporites sp. Gotresfeld, p. 33, fig. 5-6, 507.
1971 Alisporites sp. Dunay and Traverse, p. 68, pl. 1, fig. 1.

Diagnosis.—Bisaccate pollen with a cransversely elongate,
oval central body and a distinct, wide sulcus,

Description.—The pollen is bisaccate with the sacai totally
enveloping the distal face and overlapping onto the proximal
face. The pollen is broadly oval in polar view. The shape of
the central body in polar view is oval and elongate trans-
versely to the long axis of the grain. A cappa is not devel-
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oped. The central body is psilate where free of the sacci. The
sacci are “reticulate” in appearance but consist of pits and
open areas (lumina?) that arc irregular in outline and 0.5-3p
in length and surrounded by poorly delineated positive areas
(muri?). A scanning eclectron micrograph indicates that the
surface is wrinkled but not reticulate and permits the con-
clusion that the ornament is infrareticulate. A well-developed
distal sulcus is present. The sulcus extends the full length of
the central body. In width the sulcus is overlapping to 2.5u
wide at the center and broadens to 5.5 at the ends. The
size range of the longest dimension is $5-72t as measured
on nine SPCClmeﬂS.

Holotype. ~Figure 3b, Mobil Research and Development
Corp., shde no. 23281A10, coor. 34.7-122.0, from USGS fossil
plant locality 10088, section FWG6, Chinle Formation, Late
Triassic, near Fort Wingate, McKinley County, New Mexico.
The holotype is 65X 57p, and cencral body is 34p wide.

Discussion.—Disaccate  pollen type B of Peabody and
Kremp (1964) may be conspecific. The type specics is larger
{100-135p) and less distinctly sulcate than the specimens de-
scribed here.  Alisporites progrediens Klaus, 1964, is larger
(120-1501). A. grauvogeli Klaus, 1964, is similar but has 2
mare distinct ornamentation and well-developd cappa. A. ro-
bustus Nilsson, 1958, is larger (74-81p). A. thomasii (Couper)
Nilsson, 1958, has a more or less circular central body and
does not have a distinct sulcus. The species is named for Al-
len Saul Gottesfeld.

Suggested  affinities.—Preridospermales, Caytoniaceae, and
Corystospermaceac.

Stratigraphic  range.—Upper Triassic. Gottesfeld (1971),
Dunay and Traverse (1971).

Division CYCADOPHYTA or GINKGOPHYTA

Genus CYCADOPITES Wodehouse ex Wilson and Webster, 1946

Type species: Cycadspites follscularis Wilson and Webster, 1946
Cycadopites fragilis Singh, 1964
(figs. 3g. 3h)

1962 Monosulcites minimus Cookson; Pocock, p. 77, pl. 13,

figs. 206-8.
1964 Cycadapites fragilis Singh, p. 103, pl. 14, fig. 2.

Discussion.—The observed size range was 37-46p for six
specimens.

Suggested  affinities —Benncttitales, Cycadales, and Gink-
goales.

Stratigraphic  range.~Upper  Triassic-Cretaceous.  Singh
(1964), McGregor (1965).
Cycadspites weilandii (Jain) n. comb.
(fig. 3i)
1968 Bharadwajapollentis wielandi Jain, p. 36, pl. 10, figs. 161,

162.

Discussion.—Herbst (1970} has taken issue with the crea-
tion of a new genus based on size and placed Bharadwasa-
pollenites Jain, 1968, in synonymy with Cycadgpites. In con-
currence, the present transfer is made. The observed size
range was 62-84j for four specimens.

Suggested  affinities —Bennettitales, Cycadales, and  Gink-
goales.

Stratigraphic range.—Middle Upper Triassic. Jain (1968).

Genus GRANAMONOCOLPITES Pierce, 1961
Type specres: Crranamongcolpites asymmetricus Picrce, 1961
Granameonocolpites lursae Herbst, 1970

(figs. 3-3n)
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FIGURE 3.-Chinle pollen. a.—Afigporites gpii Daugherty, 1941. FW1-2h, 29163A1, 33.2-123.2, 1270 b-d.—Alisperites gottesfeldi n. sp. b, Holotype, FW6-3,
23281A10, 25.4-120.5, 65x32pt. ¢, FW6-3, 23281A12, 20.3-126.5, 69p. d, FW6-3, 23281A10, 34.7-122.0, 724 e-f.—Alisporites gottesfeldi n. sp. and Min-
utosaccus schizeatus Madler, 1964, FW6-3, SEM slide, 57p and 28p, respectively. e, Scanning electron micrograph. f, Photographed in air on a gelatin sub-
strate, same specimens as figure 3e. g-h.—Cycadupites fragilis Singh, 1964 g, FW6-3, 23281A12, 39.2-112.8, 46t h, FW6-3, 25281A12, 419-114.9, 374
1.—Cycadapites werlandsi (Jain) n. comb. FW6-3, 23281A12, 29.0-124.7, 84 |-0.—Granamonocolpites luisae Herbst, 1970, FW6-3, 23281A12, 29.7-126.5,
4ou. k, FW6-3, 23281A12, 30.9-113.8, 49 1, FW6-3, 23281A11, 32.3-121.0, 48w, m, FW6-3, 23281A12, 36.3-125.2, 38u. n, FW6-3, 23281A11,

36.6-115.5, S6jL
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1970 Granamenocolpites lutiae Herbst, p. 92, pl. 1, figs. 4, 5.
_ Discussion. —The assignment of the Chinle Formation spec-
imens to this species is tentative becausc of their slightly
latger size (36-594 for ten specimens) as compared to
Herbst’s (1970) specimens (20-35#). Herbst (1970) did not
mention the size reduction or absence of the granules in the
polar area that is scen on some Chinle Formation specimens.
De Jersey (1962) named a new species of granulate mon-
sulcate pollen Ginkgocycadophytus granulatus (24-55¢); how-
ever, the ornamentation of this species varies to papillare.
Granamonocolpites  blance Herbst, 1970, has poorly defined
sculptural elements.

Suggested  affinities.—Bennetutales, Cycadales, and Gink-
goales.

Stranigraphic range.—Middle Upper Triassic. Herbst (1970).

Division CONIFEROPHYTA
Order CONIFERALES
Family PODOCARPACEAE’
Genus PLATYSACCUS Naumova ex Potonié and Klaus, 1954
Type species: Platysaccus papifionis Potonié and Klaus, 1954
Platysaccus sp. Dunay and Traverse, 1971
(fig. 4a)

1971 Platysaccus sp. Dunay and Traverse, p. 56, pl. 1, fig. 2.
1972 P. N. sp. Dunay p. 209, pl. 30, fig. 5.

Discussion. —Specimens of this genus are infrequent, and
the species has not been determined. The observed size range
was 53-1094 for four specimens.

Suggested affinities,.—Order Coniferales, Podocarpaceae?

Stratigraphic range.—Upper Triassic. Dunay and Traverse
(1971} and Dunay (1972). The genus is present in the Per-
mian and Triassic. Chaloner (1969).

Family PINACEAE?
Genus PATINASPORITES Leschik emend. Klaus, 1960
Type speces: Patinasporites densus Leschik, 1955
Patinasporites densus Leschik, 1955
(figs. 4b-41)
1955 Patinasporites densus Leschik, p. 47, pl. 6, fig. 11
1955 Patinasporttes plunitectus Leschik, p. 47, pl. 6, fig. 12,
195% Patinasporites funiculis Leschik, p. 48, pl. 6, fig. 13.
1955 Patinasporites toralis Leschik, p. 48, pl. 6, fig. 14.

Discussion. — A summary of the distinguishing characters of
the genera Patinasporites, Enzonalasporites and Zonalasporites has
been made by Clarke (1965). In excess of 100 specimens of
Patinasporites from the Chinle Formation were studied and
measured. A continuum  of morphological variation  was
found that includes the four species described by Leschik
(1955). The Chinle Formation specimens are placed in the
type species. Leschik’s species were differentiated by the devel-
opment and disposition of the ridges and the relative widch
and demarcation of the central area and peripheral area. For
example, P. pluritectus has principal and sccondary ridges, P.
funicalus was relauvely free of sculpture on the central area,
and P. toralis had a relatively narrow peripheral area,

The central area of the Chinle Formation specimens is
usually distinctly oudlined. It is rthinner and hence more
teansparent. It appears to have torn and irregular areas, and
the passibility of a detached central body should not be ex-
cluded. The peripheral area is cingulate in appearance. A
scanning clectron micrograph (fig. 4h) does not reveal a clear
scparation of the central and peripheral areas but does dis-
close the continuous distribution of the sculpture. It is not
known if the ridges are solid (rugulate) or hollow (cavate)

as in Tsugaepollenites Potonié and Venitz emend. Potonié,
1958, and Rugubivesculites Pierce, 1961. The ridges are present
on the entire surface but are better developed on the per-
iphery, especially in the larger individuals. The width of the
“cingulum” is on the order of 10-17yt, and the central area
is approximately 20-37p in diameter. The diameter of the
central area is slightly less than half the total diameter in the
smaller specimens and ranges up to half the total diameter in
the larger specimens. The greatese overall dimension of 104
randomly selected individuals was measured. The size ranged
from 26-74p with an average (arithmetic mean) of 45

A statistical analysis of measurements of rthe greatest di-
mension of individuals of Patinasperites using the Chi-square
(x) Goodness of Fit Test (Gemmill, Herring, and Shade
1967) demonstrates that the measurements are normally dis-
tributed. Because the frequency distribution curve of the
greatest dimension approaches a normal curve (and is con-
sequently unimodal), the specimens of Patinagporites probably
represent a single species (fig. 5). Evidently size may not be
used as a parameter in establishing species within the genus.

One hundred four “randomly” encountered specimens of
P. densus were measured. These measurements were divided
into 9 classes with a class interval of 5 microns. A null hy-
pothesis (Ho:) assumed that the measurements were nor-
mally distributed. The alternate hypothesis (Ha:) was that
the measurements were not normally distributed. The null
hypothesis can be rejected if the chi-square statistic is greater
than a chi-square of 6 degrees of freedom evaluated ac the
0.05 level of significance (table 4).

1R

X, = 4634

Mean X = 445577
Standard
Deviation
The chi-square statistic is

s = 12.203

(fl_el)z

[

Rt = 3 with m-3 degrees of freedom,

1

where f, is the observed frequency in the i interval (i=1, 2,
3y iw oT0)
¢, is the expected frequency in the it interval
and  m is the number of intervals into which the range of
the sample diseribution is divided.

X = 11.494

Because -x? = 11.494 which is less chan x° 056 =
12.592, the null hypothesis that the measurements are nor-
mally distributed cannot be rejected at a confidence level of
95 percent. Therefore, recognition of more than one species
based on size 1s unjustifiable.

Patinasporites iustus Klaus, 1960, and Patinasporites obulus
Reinharde, 1964, are distince in that they possess a dark cen-
tral area and a light peripheral area.

The analysis of Patinasporites densus presented here has not
been reconciled with the work of Scheuring (1970) which
excludes P fumiculus from the synonymy and includes Zona-
!a.fpurire; e',\p!anarm Leschik, 1955, and Z. nmrgrm/is Leschik,
1955.

Suggested  affinities. —Coniferales,  Pinaceae?  Retssinger
{1950 illustrated comparable pollen and related them o
Toupa. This assignment was discounted by Leschik (1955)
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FIGURE 4.—Chinle pollen. a.—Platysaccus sp. Dunay and Traverse, 1971. FW6, 21828A2, 38.0-120.3, 69 b-i.—Patinasporites densus Leschik, 1935. b, FW¢6-3,
23281A12, 37.3-126.0, 29 ¢, FW6-3, 23281A10, 20.8-120.1, 421t d, FW6-3, 23281A11, 43.5-117.3, 53p. ¢, FW6-3, 23281A12, 29.5-126.2, 62 f, FWG6,
21828A1, 24.4-118.2, 63 g, FW63, 23281A12, 27.9-125.2, 734 h, FW6-3, SEM slide, scanning electron micrograph. i, FW6-3, SEM slide, photo-
graphed in air on a gelatin substrate, same specimen as figure 4h. j-k.—Pityosporites chinleana Daugherty, 1941, j, FW6-3, 23281A11, 29.4-120.3, 95 k,
FW6, 21823A1, 23.0-111.2, 106
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who considered the genus to be monosaccate. Clarke (1965)
questioned the saccate . nature of Enzonalasporites, and the
same reasoning applies to Patinasporites. 1f the ridges are cav-
ate, some relationship could be shown to Tsugaepollenites, but
the question remains undecided.

Stratigraphic range. —Upper Triassic. Leschik (1955), Klaus
(1960), Clarke (1965), Gottesteld (1971).

wenus PITYOSPORITES Seward emend. Manum, 1960
Type species: Pityosporites antarcticus Seward, 1941
Pityosporites chinleana Daugherey, 1941
(figs. 4], 4k; 6a-6f)
1941 Pityasporites chinfeana Daugherty, p. 93, pl. 34, fig. 5.

Discussion.—'The sacci of the pollen grains described here
are “reticulate” in appearance as indicated in the meager de-
scription by Daugherty (1941), but the surface is more pre-
cisely described as rugulate (wrinkled) and pitted with inter-
nal? granules. The scanning electron micrographs (figs. 6c,
6d) best depict the surface. The cenctral body is micro-
granulate (0.54), and sparse, small pits are also present
{(weathering?). The cappa is continuous into a crest both of
which are about 2.5-3p in thickness as seen in optical sec-
tion. A thinned distal sulcal area is present. The size range of
the dispersed spores is 40-106p with an average of 70p for 25
specimens. Several well-preserved specimens were  recovered
from an underscribed fructification obtained by Ash (written
comm. 1971) from a nearby locality in the Chinle Formation.
The size range of the in situ specimens is more uniform:
69-754 for 8 specimens,

Suggested  affmities. —Pinaceac  (Abietineae)? Daugherty
(1941) thought the affinities of the species were with the
Abictineac. Potonié (1962) related the genus to  Pleruchus
Thomas, 1933, in the pteridosperm family Corystospermaceae.
The undescribed fructfication that yielded in situ examples
of this species more closely resembles a cone of the Corysto-
spermaceae than a typical conifer, according to Ash (written
comm. 1972).

Stratigraphic  range. —Upper Triassic. Daugherty  (1941).
Gottesfeld (1971).

Order CONIFERALES?
Genus MINUTOSACCUS Midler, 1964
Type spectes: Minutosaccus acutus Madler, 1964
Minutosaccus schizeatus Madler, 1964
(figs. 3e, 3f; 6g-6i)

1964 Minutosaccus schizearws Midler, p. 120, pl. 12, figs. 4, 5.

Duscussion.—The Chinle Formation specimens are placed in
M. schizeatus because of the strongly developed, £ 9p-wide
sulcus. The size range of the central body is slightly smaller
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{21-30p) but comparable to the range of M. schizeatus
{30-38u) as given by Midler. The ornament of the central
body is granulate (X 1y, irregular in shape) and not in-
frapuncrate with a smooth surface as indicated by Midler.
The observed size was 32-42p overall and 21-30p for the
central body. Dunay (1972) described some grains from the
Dockum Group in the panhandle of Texas which resemble
this species in all features except in size. The fossils from
Texas are half again as large as those described here and the
type specimens from Germany.

Suggested affinities. - Coniferales?

Stratigraphic range. -Upper Triassic. Midler (1964), Dunay
(1972).

Genus KLAUSIPOLLENITES Jansonius, 1962
Type species: Klausipollenites schaubergeri (Potonié and Klaus) Jansonius, 1962
Klausipollenties sp.
(figs. 63, 6k; 7a-7¢)
1972 Klausipollenites sp. Gottesfeld, p. 15, pl. 1, figs. 1-3.
Discussion.—The Chinle Formartion specimens probably rep-
resent a new species of Klausipollenites. Naming of the species
is awaiting evaluation of the many species of Klausipollenites
(Jansonius 1962) and Triadigpora (Klaus 1964). This species
resembles T. falcata (Klaus 1964 and Warrington 1970) ex-
cept that it is smaller and lacks a trilete mark. The ornament
appears more perforate than reticulate. The observed size was
63-79 with an average of 69 for 11 specimens. Comparable
specimens have been illustrated by Peabody and Kremp
(1964, p. 16, K. sp. 1) and Dunay and Traverse (1971, K.
sp.).
Suggested affinities. —Coniferales?
Stratigraphic  range.—Upper Triassic. Gottesfeld (1971).
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FIGURE 5 —Frequency distdbution of the longest dimension of Patinasporites
in the Ciniza Lake Beds.

TABLE 4
DiSTRIBUTION OF MEASUREMENTS
Standard
Class Observed Normal Expected

Class Range Frequency (f)) Probabilities Frequencies (e}
1 -30 15 p,=.11702 12.17
2 31-35 12 p,= 10068 10.47
3 S6-40 17 py=-13799 14,35
4 41-43 18 py= 16026 16.67

5 46-50 9 ps=.15769 16.40
6 51-5% 10 po=_13149 13.67
7 S6-60 11 p,=.021006 9.47

8 61-65 9 Py= 05637 5.86
12 (’{‘T'l?” ‘;}* Po= 04746 4.94

*Classes 9 and 10 must be combined to give an expecred frequency =3
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FIGURE 6.—Chinle pollen: af —Pityosporites chinfeana Daugherty, 1941 a, FWa-3, 23281A11, 36.1-114 8, 84p. b, FW6-3. SEM slide. photographed in air on a
gelatin substrate, 84 ¢, FW6-3, SEM shde, scanning elecrron micrograph, same specimen as figure 6b. d, FW6-3, SEM slide, scanning electron micro-
graph, enlargement of saccus, ¢, In situ, AZ-2 28278A1, 20.6-112.9, maximum dimension of the group, 211p £ In situ, AZ-2 28278A1, 26.3-113.1,
BdIL g-i.—Minutosaccus schizeatws Midler, 1964, g, FW6-3, 23281A12, 34.8-1255, 33, 21p body. h, FW &3, 23281A12, 40.8-126.2, 408, 23 body, i,
FW6-3, 23281A12, 30.4-112.2, 32p, 24p body. j-k.—Klawsipellenites sp. j, FW6-3, 23281A10, 20.4-123.9, 63p. k, FWG6-3, 23281 A10, 36.8-120.9, 721
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i k l
FiGure 7.-Chinle pollen. a-c.— Klauspstlenites sp. a, Equatonal view, FW6-3, 23281A11, 25.2-1181. 6ou. b, FW6-3, SEM slide, scanning electron micrograph,
07 ¢, FW 63, SEM shide, photographed in air on a gelatin substrate, same speaimen as figure 7h. d, FW6-3, SEM slide, photographed in air on a gela
un substrate, 63 ¢, FW6-3. SEM slide, scanning electron micrograph, same specimen as tigure 7d. F1 - Granssacens sulcatus Midler, 1964, f, FN6-3.
3IRIAL0, 203-120.0, 41t g, FW 63, 23281A12, 28.8-113.1, 47 b, FWo-3, SEM shde, scanning clecrron micrograph, 61p .1, FW6-3, SEM slide, pho-
tographed in air on a gelatin substrate, same specimen as figure 7h 1|~ Eguisetosporites chinleana Daugherty, 19413, FWa-3, 23281410, 36.8-1264, 871
k, FW6-3 23281 A11, 25.9-126.0, 790 1, FW -3, 23281A1), 244-1250, 57
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The range of the genus is Upper Permian-Triassic. Jansonius
(1962), Klaus (1964).

Genus GRANOSACCUS Midler, 1964
Type species: Granosaccus sulcatus Madler, 1964
Granosaccus sulcatus Midler, 1964
(figs. 7f-71)

1964 Granosaccus sulcatus Midler, p. 121, pl. 12, figs. 6-8.

Discussion.—The validicy of this genus has not been in-
vestigated. The sacci appear granulate in transmitted light,
Scanning electron micrographs show the sacci to be rugulate
with highly contorted rugulae.

Suggested affinities. —Coniferales?

Stratigraphic range.—Upper Triassic. Madler (1964).

Genus EQUISETOSPORITES Daugherty emend. Singh, 1964
Type spectes: Equisetosporites chinleana Daugherey, 1941
Equisetosporites chinleana Daugherty, 1941
(figs. 7)-71)
1941 Eguisetosporites chinleana Daugherty, p. 63, pl. 34, fig. 4.
1960 Ephedra chinleana (Daugherty) Scott, p. 271, pl. 1, figs.
1, 8, 10-12, 14-18. .

Discussion.—Refer to Singh (1964) for a discussion of the
validity of the genus. The ridges are fused at the ends of the
grain. The twisting of the ridges is considered by some to be
an accident of preservation and not a specific character. The
observed size range was 75-95¢ for 12 specimens.

Suggested affinities.—Coniferales. Pollen of this genus has
been placed in the Ephedraceae because of its close mor-
phological resemblance to the pollen of the living Ephedra.
Ash (1972) has reported the occurrence of these grains in a
coniferous cone called Maiculostrobus clathratus.

Stratigraphic range.—Upper Triassic. Daugherty (1941),
Scotr (1960), Gottesfeld (1971).
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