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ABSTRACT
PALYNOLOGY OF THE MICHIGAN "RED BEDS"
BY
BERNARD L. SHAFFER

A palynologloal study of the problematlic "HRed Beds"
in the subsurface Michigan Basin has been undertaken
primarily to establish their time-stratigraphlc position,
and to develop information on the geographic, floral,
ecoologlie, and oclimatic history of the basin and adjacent
areas for the time interval represented.

A comparison of the "Red Beds" spore/pollen assemblage
wlth established time ranges of dlagnostlic specles from
Canada, Europe, and Australla, lndlcates a Jurasslc age
between early Bathonlian and late Oxfordlian. Prevliously,
these deposlits have been considered "Permq-Carbcnlferous“.
This is the first documentation of Jurasslo rocks east of
the Misslssippl River, except in the subsurface Gulf and
Atlantioc Coastal Provinces, A simllar age 1s established
for the Fort Dodge Formation of central lowa.

Sixty-four spore and pollen specles assigned to 31
genere are desorlbed and illustrated. In all sanmples
examined, the genus Classopollis invariably accounts for
more than 70 percent (relative abundance) of the entire
assemblage. Pteridophyte spore species, all of which have

low relative frequencies, comprise 39 perocent of the flora.

They have been assigned to the Equisetaceae, Lycopodiaceae,
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Selaginellaceae, Osmundaceae, Hymenophyllaceae, and
Cyatheaceae, Sixty-one percent of the specles are assigned
to the gymosperm familles Cycadaceae, Ginkgoaceae,
Pinaceae, Podooarpaceae, Araucariaceae, Cgpressaoeae, and
Chlamydospermales, One pteridosperm specles was recorded.
No anglosperm pollen or marine blota were identifed.

It 18 oconoluded that deposition of the "Red Beds"
occurred in fluviatile and shallow, oxidizing lacustrine
environments subsequent to structural subsidence of the
Michigan Basin. A marine transgression of Westem Interlor
Jurassic seas into the Michligan Basin ls possible, but 1is
not necessary as a source for the calcium sulphate. Warm
arid to subarid climates are indicated by the position
of the Michigan Basin within a global Jurassic.evaporite
belt, by the olosely assoclated and widespread gypsum and
the .redbed facles, and by the inferred xerophytic aspect
of local floras. LExtensive plains peripheral to the "Red
Beds" basin were probably inhabited by a desert-like flora
dominated by the plant which produced Classopollis.

Coniferous communities might have ocourred on uplands to
the north and northwest. The less common meslo tropical
to subtropical oconstituents of the palynological assemblage
concelvably were derived from riverline assoclations 1n

stream valleys penetrating the uplands.
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INTRODUCTION

The time-stratigraphic position of the so-called
"Red Beds" of Miohigan has remained, since thelir discovery
in 1908, an enigmatic and controversial chapter in the
geologloc history of the Mlochigan Basin. This redbed and
evaporite sequence, centrally located in the subsurface
of the Miohigan Basin, lies between [ate Paleozolo strata
and Pleistocsne drift. This 1nodnolusive physiocal strati-
graphic relationship, asnd the fact that no paleontologle
evidence had been discovered previously, have been the
prinoipal oauses for the unocertainty regarding the age of
these strata. In the past they have generally been cone
sidered to be "Permo-Carbimifernus®.

Preliminary investigation of the palynomorphs provided
evidende that they are nelther Pennsylvanian nor Permlan,
as presumed, but rather of medial Mesozolc age. Strata of
this age have not been previously recognized in the United
States and southem Canada east of the Mississippl River,
exoept in the subsurface Atlantic and Gulf Coastal Provinoes.

Therefore, discovery of Mesoznio sediments in the Mlchlgan

'Basin 1s significant and warrants a re~evaluation of the

stratigraphie, paleogeographic, paleoclimatloc, and floral
history of Miohigan and ailjacent areas of the northeast

ocentral United States.
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The scope and purpose of this study is to make a:
detalled taxonomic and systematio assessment of the palyno-
logloal assemblage recovered from the "Red Beds™, and from
the derived data, to develop information on the following
nbjectivest

1) To establish for the "Red Beds"™ a reasonable geochronology
and to oorrelate these strata with those of simlilar age
deposited in areas outside the Miohigan Basin.

2) To sonsider the geology and paleogeography relative to
the history of the gstruotural configuration of the Michigan
Basin and ad jasent areas for the time interval represented

by the "Red Beds". It is hoped some contribution can be made
toward resolving questions sonoeming the origin and deposi-
tion of these rocks, e.g., were they deposlted‘in an intra-
cratonio freshwater basin, or by an epeiric sea whioch
transgressed from outside the Miohigan Basin?

3) To demonstrate, whenever pnssible, genetio consanguinity
between members nf the spore/pollen flora and natural phyletio
categories, and to reconstruct the terrestrial floras which
inhablited areas peripheral to the depositional site of the
*Red Beds". Preliminary examinations revealed that gymno-
spermous pollen are far more abundant that pteridophyte
spores, both in terms of relative percentage and speocies
diversity. Beoause of ;he uniqueness of strata of this age
in the northeast central United States, a thorough inventory
of the flora represented by the palynomorphs should oon-
tribute to future syntheses of North Amerioan Mesozolo

floristio and vegetation zones.
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4) To employ both biological and physical oriteria to
determine the environmental and olimatic regimes in which
these sediments were deposited. An attempt will also be
made to place the "Red Beds"™ in proper perspective relative

to global Mesozoloc olimatic and floral zones.

Palynology is employed in this study first and foremost
? to approach a longstanding geoochronologlic problem. The

1 determination of the biostratigraphic position of these

[ deposits 18 therefore of paramount importance. The other

} objectives will have maximum meaning only when interpreted

| within the oontext of an adequate time stratigraphy. A
palynnlogio study of the "Red Beds” provides, for the first
time, an opportunity to eluocidate the geologloc and floral
history of a previously unrecognized segment of time

represented in the stratigraphlic succession of the Gréat

Lakes region.




PALYNOLOGICAL MATERIALS AND METHODS OF STUDY

SOURCE OF SAMPLES

As the "Red Beds” are unknown from surface exposures,
it was neoeasary to exploit sources Qf subsurface samples.
Core samples would have been preferable, but a search for
such proved futile. Cable tool outtings are more reliable
than and superior to rotary cuttings, but only a few sultes
were avajllable., Suites of samples from wells drilled with
rotary tools are abundant, and were the source of the bulk
of samples atudied.

Repositories from whioch materials were obtained in-
oluded the Miohigan Geologiocal Survey, Michigan State Uni-
versity, and the Subsurface Laboratory af the Univexzsity
of Miohigan. A listing of all samples studlied, with their
loocation and depth 1ntervn1, i3 included in the Appendix.
The geographic loocations of the wells from which samples
were taken are shown in Fig. l.

Samples of representative lithologies from the "Red
Beds" interval were selected from wells over a wide geo-
graphic distribution. Cuttings from each depth interval
were examined under a binooular miocrosocope, and rock ohips
believed to represent that partiocular interval were hand-

ploked with tweezers., The possibility of incorporating
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contaminants resulting from dowm-hole caving was thus
minimized. In addition, samples of strata underlying the
"Red Beds" were selected for analysis.

For comparative purposes, samples were also obtained
from the Lower Cretaceous Mattagaml Series of the James
Bay region of northem Ontario, from the Jurasaic Morrison,
Sundance, and "Ralston Creek" Formations of the westem
United States, from the Jurassioc and early Cretaceous of
the Gulf Coastal Provinoe, and from the Jurassio Fort Dodge
Formation of north central Iowa.

SAMPLE PREPARATION

A few grams of material from eaoh sample was washed
in water or dilute hydroochloric asid to remove oaked drilling
muds eand other possible souroces.of surfiolal contamination.
Carbonates were then removed by treatment with hydroohlorio
acid and, after washing, siliocates were dlgested for 24 hours
in 48% hydrofluoric acld. Fluorosilicates and silioca gels
remaining in the residue were dissolved in hot dilute hydro=-
chlorioc aocid. Minor amounts of comminuted organioc detritus
remaining in the residue were usually readily oxldized and
disperssd by brief treatment in five peroent sodium hypo-
chlorite {commercial Clorox). The opacity of the oharaoc-
teristically deep brown to amber oolored palynomorphs was
reduced by this brief oxidation to a point where they were
suffiolently branuparent. Staining was rarely necessary
to inorease oontrast. The swirling technique was sometimes
used to remove exoessive particulate mineral matter and

larger organio detritus.
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Figure 1, -~ Locations of wells in central Michigan from which
"Red Beds" were sampled for palynologic snalysis.
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Microslides of the residues were prepared by the double
layered mounting medium method. A thin film of hydroxyethyl
cellulose containing the residue was spread uniformly over
a coverslip, and when this film was dry, the ocoverslip was
inverted on, and thereby affixed to the slide by, a drop
of Canada Balsam placed in the center of the slide.

SOME PRELIMINARY RESULTS AND OBSERVATIONS

A total of 113 samples taken from 29 wells spread over
seven ocounties in central Michigan were prepared. Palyno-
morphs were recovered from 74 of these samples. The most
productive lithologles were light gray to greenish-gray
shales and siltstones. These lithologlc units also usually
yielded better preserved specimens. Spores and pollen Qere
also found in bedded gypsum, and reddish-brown olayatones,
shalesg, and siltstones. Late Paleozolo gray to black shales
and siltstones underlying the "Red Beds” were frequently
quite productive.

Redeposited palynomorphs derived from the erosion of
Paleozolc strata during "Hed Beds" deposition were present
in a few samples, but they were always rare. Pennsylvanian
and perhaps Hiasisslppiah spores and pollen noted in the

"Red Beds"” include species of Calamospora, Florinites,

Laevigatosporites, Densosporites, and Verrucososporites.

Probable Devonian spores and misroplankton observed were

Emphanisporites, Baltisphaeridium, Veryhachium, Lelosphaeridium,

Leiofusa, and Tasmanites. Chitlnozoa, probabdbly of Devonlan
age, and scolecodonts were also recorded. Several of these

redeposited Paleozolio forms are illustrated on Plate 22,




DESCRIPTIVE GEOLOGY OF THE "RED BEDS"

Pre-Pleistocene strata onmprising the Michigan "Red
Beds" are apparently restricted to the subsurface of the
Central Michigean Basin. Evidenoce of thelr very existence,
a8 well as their distribution, thiockness, lithology, and
stratigraphic position was unavallable until the advent of
bedrook water well and deeper exploratory drilling in the
central portion of the Southem Peninsula.

Prior to 1930, there were but few casual references to
this stratigraphic unit, which volumetrically represents
less than one percent of the sedimentary record of Michi-
gan, and 1t i3 uncertain just when the qustanoe of the
*Red Beds” beoame dooumented. Probably the earliest
written accounts was by Lane, et al (1909), in the 1908
annual report of the Genloglo Survey nf Michigan. Smith
(1917), repnrted apparent "Red Beds" gypsum overlying
Pennsylvanian red sandstones at a depth of 93 feet in a
well in central Innia County. Strictly on the basis of
stratigraphlo superpoaitién and lithologlic similarity,
these earlier acoounts understandably included the "Red
Beds” in a sequenoce of Pennsylvanian sandstones now recog-
nized as the Grand River Group.

The derivation and early usage of the name "RHed Beds"

13 likewlse obscure, although Newoombe (1931, 1933) 1is

8
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credited with introduoing the term into the Michigan
stratigraphic nomenclature, in addition to describing and
ineorporating these strata onto the geolnglio map of Miochi-
gan. Kelly (1936) discussed the sequence in his study of
Pennsylvanian deposits of Miohlgan. Two unpublished

Master of Soience theses have contributed to the knowledge
of the "Red Beds". One, by Swartz (1951), resulted in a
distributional mép whioh also 1llustrated the nature of the
topographlic surface on which the "Red Beds”" were deposited.
The other (Sander, 1959) applied mineraloglio, sedimentologie,
and thickness distribution analyses tno paleogeographic
considerations. Up to the present the "Red Beds", for laock
nf binchronologlc evidence, have been provisionally oon-
sldered "Permo-Pennsylvanian”.

From the time of the rirst major expression of the
Michigan Basin, probably in the Late Silurian, sedimentary
distribution pattems have bormn some genetiec relationship
with this structural complex. The "Red Beds" are no
exception, being confined tn the central portion of the
Snuthem Peninsula where they are present over all or most
of Clare, 0seenla, Meconsta, Isabella, Gratiot, and Montcalm
Counties. Peripheral deposits and onutlylng ernsional
remnants ooour in parts nf Ogemaw, Roscommon, Mlissaukee,
Wexford, Lake, Newaygo, Kent, Ionia, Clinton, Saginaw,
Midland, Gladwin, and possibly Ooceana Countiea. This
irregularly oval distribution pattern(Pig. 2) includes

an areal extent of approximately 5,500 square miles.
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The bulk of the total volume of "Red Beds", which
may or may not represent its depoocenter, lies snmewhat west
of the ocenter of the present Michigan Basin configuration,
as 1llustrated by struotural contours on the Trenton Lime-
gstone (Cohee, 1965, Fig. 2). Throughout most of their known
diatribution, the "Red Beds"” are superjacent to various
lithofacles belonging mainly to the Pennsylvanian Grand
River Group. In some peripheral areas of Kent, Newaygo,
and Ogemaw Countlies, they nverlie Mississipplian strata.
When sample quality in any partlocular suilte of well outtings
13 adequate, the unoonformable base of the "Hed Beds" oan
be picked physically and paleontnlogiocally without diffi-
culty. Lithologloally, sandstones of the Grand River Group
are sometimes mioaceous and slightly feldspathic, and those
having hematitlc pigmentaélon are often stained a muoh deeper
reddish-brown to purplish ocolor than the non-mlcacenus and
non=feldspathlc basal "Red Beds"., Underlylhg sandstones
are also often coarser grained, better cemented, and less
friable than the basal "Red Beds", whioch locally are slightly
gypsiferous., Unknown from the "Red Bedasa” are gray to bvlack
shales, and gray, micacenus, sometimes carbomnaceous silt-
stones and sandstones whioh are charaocteristic of underlying
Mississippian and Pennsylvanian strata. Favorable lith-
ologles on opposite sides of the unoonformity between the
"Red Beds" and Paleozolo rocks can be readily differentiated
palynologiocally. The Late Paleozolo strata dip toward the
center of the Miohigan Basin, and the updip edges of these
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;trata. bevaled by erosion, intersect the uneonformlty at
the base of the "Red Beds" at an angle. Teohnlioally, the
ernsional surface could therefore be consldered an angular
unconformity. The angle of intersection is slight, however,
and some of the dip of the late Palenzolo strata may be
attributable to the paleoslnpe nf the surface on whioch they
were depnsited, rather than to structural downwarping
entirely.

Thiockness of the "Red Beds"” ranges from a few feet at
the periphery of their distribution to a maximum of slightly
over 200 feet in Mecosta County. While Cohee (1965) reported
thioknesses nf 300 to 400 feet, an examination of samples
from numerous wells falled to confirm thicknesses of that
magnitude. Thickness varies oconsiderably within the area
of distribution, having been extensively modified by irregu-
larities of the pre-"Red Beds" topography, by post-"Red
Beds” and pre-Plelsgtoocene &rosion, and by Plelistooene
glaciation.

An isopach map (Fig. 3), inenrporating data from over
2,000 wells, shows in a generallzéd manner the "Red Beds"
thlockness trends. Because of extremely disparate thlckneasses
within very short distances, whioh may be only apparent
because of poor data quality, the mean thickness per town-
ship was determined. This probably tended to average out
unreal thiokness disparities, and provided data more
appropriate for the map scale being used and for the

intended purpose of the isopach map. The area in ocentral
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Meoosta County, where an excess of 200 feet oocour, 1s part
of a more or less north-south trending maximum represented
by thlcknesses greater than 150 feet in central and southem
Meoosta and northwestern Montoalm Counties. 1Isnlated areas
exceeding 125 feet in thioknesg ocour in Osceola, Clare,
and Isabella Counties. -

The "RHed Beds" thin progressively from these areas of
maximum thiokness in the central reglon to the periphery
of thelr areal distribution, and nno major thickness trends,
4 which may have represented axes of the "Red Beds" deposi-

‘ tional basin, are apparent. However, the greatest propor-
tion of the thicker areas 1s situated slightly west of the
center of the present distributional pattem. This unequal

distribution imparts an asymmetrical aspect to the "Red

Beds" basin. Whether this refleots an originally asymmetri-
cal struotural basin recelving "Red Beds" sediments, or
whether it simply reflects more intense glacial abrasion

1 on the easterm side of the basin, especlally by the Saginaw
4 Lobe, would be difficult to ascertain.

Gypsun and dominantly reddish-brown oolored shale,

k siltstone, and sandstone onnstitute the major lithologilc

4
>
]

types ocourring in the "Red Beds". Attempts to assess

quantitatively the relative proportions of these sediments
are faced with the lnherent diffloulties of working with
rotary outting samples, dhler among whioh are sample mixing
attributed to down hole oaving, and the gquestinnable reli-

abllity of sampling procedures at the well site. In addition,
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sof't, poorly indurated shales and.friable, weakly cemented
sandstones are nften washed out and thus are under~represented,
while gypsum, being less susoceptible to disagregation during
the drilling process, would tend to be relatively over-
represented. |

Utilizing the mnst oomplete sets of samples avallable,
lithologles 1035 from 56 wells were prepared, and a struc-
tural three-dimensional panel diagram (Fig. 4) was oonstruoted
from those sample logs contalning the thickest and most
cnmplete representation of the "Red Beds™ interval, and from
those providing a maximum gengraphic distribution.

The strucstural profiles illustrated provide some indioca-
tion of the present attitude of the unconformable surface
lying beneath the "Red Beds". From the northeast sector of
the "Red Beds™ distribution in southeast Ogemaw County, where
the base of the "Red Beds" is approximately 700 feet above
sea level, the unconformity slopes progressively downward
in a southwesterly direction. In southwesterm Osoceola
County this surface has plunged to almost 400 feet above
sea level, whereupon the slope is reversed in a direction
toward the westem 1limlts of _the "Red Beds", rising to
about 460 feet above sea level in south-central Lake County.
In north-central Midland the basal unconformity is 430 feet
above sea level, and rrom the northwestem part of the county,
where it 1s 20 feet higher, 1t slnpes uniformly westward,
reaches a maximum depth nof 350 feet above sea level in

nerthwestem Isabella County, and then asoendsa very gradually
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-t
southwesterly to an elevation nf near 380 feet in east-

central Newaygo County. The unconformity likewise dips
uniformly westward from an elevation of 430 feet in north-
westem Gratiot County to a depth of 320 feet in north-
central Kent County, and from this point southwestwardly,
it reverts sharply upward to a helght of almost 500 feet in
west-central Kent County.

In a general sense, the surfgoe marking the base of the
"Red Beds" slopes basinward at a somewhat more gentle angle
on the eastem flanks of the basin than on the west. The
resulting asymmetry, though imperfectly defined because
of the limited quantity and quality of data, roughly coincldes
with the asymmetrical thiokness pattems discussed previously.

Restored lithofaocles, cmnstructed from superimposed
lithologlo data for each well, are extremely localized in
development, and as variable in lateral 6ont1ﬁu1ty as thick-
ness distributions. One of the most persistent lithofacles
is a basal fine to medium grained sandstone resting uncon-
formably upon the Paleoznlc surface. This facles is present
almoat throughout the entirety of the "Red Beds" areal
extent. This quartzose sandstone sometimes grades laterally
into and is interbedded wlth siltstones and shales. A max-
imum thiokneéa of approxlmately 60 reet has been recorded
for this unit in several wells, but 1t is usually less than

30 feet thiock. Reddilsh-brown hues are the rule, but the
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variable intensity of the hematitioc pilgmentation is largely

a funotion of the proportion of silt and clay matrices.

Clean and well sorted sands often have only a faint light

red tint, while silty and olayey sands have a deeper reddish-

brown oolor. Greenish mottling has been rarely ohserved

in thin peripheral sands that presumably represent updlp

equivalents of this unit. The well- to poorly-sorted sands
range from an unconsolidated and friable state to one of
moderate cementation. White gypsiferous cement is a charaoc-
teristio feature observed in numerous wells, and, together
with the reddish pigmentation of the sand, produces a white
and red mottled appearance. In many samples the quartz

sand grains are oompletely isolated in the gypsiferous
matrix. Conocelvably this gypsum cement represents the

trace of localized autochthonous sedimentary pattems whioch
have been modified and almost obliterated by a dominating
allochthonous olastioc influx. Associated reddish-brown
shales and siltstones of the basal unit are soft and usually
have an earthy texture.

Gypsur 1s the only representative of an autochthonous
sedimentary pattem known. Salt, other evaporites, and
carbonates, are lacking. Volumetrically, gypsum may be the
most abundant constituent, although as previously noted,
true proportions of the varinus lithnlogles oannot be pre-
clsely assessed. Mlnor oocurrences include, in addition to
gypsirerous oement which may be elther primary or secondary,

interlaminated gypsum and reddish slltstones., Monst of the
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gypsum oocurs as bedded evaporite bodies possibly exceeding
B0 feet in maximum thiokneass. In oomparison to clastios,
these gypsum facles tend to be conecentrated more toward the
north- and west-central portion of the "Red Beds”" basin,
and the inoonstanoy of their thickness and relative strati-
graphlo position between closely adjacent wells suggests
geographlioally and temporally shifting lonol nf evaporite
deposition.

Most commonly, the bedded gypsum 18 in a soft, white,
chalky, opaque form almost totally free of impuritlies. It
13 most probably highly weathered and leached by ground water.
Well-cuttings of this type commonly display oleavage faces,
and transparent selenite (7) may be present elther as winute
inolusions within the chalky fragments, or as lsolated orys-
talline fragments. Bedded gypsum also ocours in a harder,
denser, less weathered form having a light grayish onlor
due to detrital impurities in the form of silt, clay, and
fine nrganioc debrils.

Bedded gypsum has not been observed in direct contact
with the underlying erosional Paleonzoic surface, from which
it is separated by the silty and sandy basal unit. Reddish-
cnlored shales, siltstones, and silty sandstones of varylng
thicknesses are interbedded with the gypsum facies, and
laterally the gypsiferous bodies phase into simllar silt-
stones and sandatones toward the perimeter of the "Red

Beds" suborop.
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Several very thin light greenish to greenish-gray
shale layers ocour in the middle to upper portions of the
"Red Beds” where they are interbedded with red silts and
shales and are in many places olnsely assoolated with thick
gypsum bodies, While they are generally quite locallized in
development, one greenish shale bed at the base of a masslve
gypsum has been identified in approximately the same strati-

graphic position in several wells spanning a distance of

over ten miles., Judging by the very restrioted vertioal
osccurrence of greenish shale outtings within a partiocular
gset of well samples, along with thelr infrequency relative to
other l1ithologies at throse intervals where they are present,
a maximum thiockness of leas than 10 feet is estimated, and
most of these beds are undoubtedly less than five feet thiok.
Nevertheless, the greenish shale beds are of particular inter-
est palynologiloally, for they have almost invariably con-
tained abundant and well preserved spore and pollen complement,
In summary the "Red Beds" are a sequence nf olastlo
and gypsiferous sediments lying unoonformably above Pennsyl-
vanian and Mississipplan atraéa and below Plelstooene drift.
Thelr present distribution and thickness oconform to and
were probably oontrolled by the configuration of the Michi-
gan Basin. Litﬁologio pattems include a basal allosthonous
faoles comprised of dominantly reddish onlored sands and
shales. This basal clastio faclies 18 replaced by an over-
lying autochthonous facies comprised of ilsclated bedded

gypsum deposits of varlable thickness and distribution.
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Bedded gypsum is centrally confined within the "Hed Beds"
basin, and is interbedded with reddish silts, shales, and

ocoasinnal thin greenish shales.
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AGE OF T "RED BEDS"
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Stratigraphlo syntheslis involving interpretations of

depositional environments, ecnlogy, oclimate, geography, and

organic evolution must of neoessity be soundly predicated
noh eilther relative or absolute geochronology. It 1s futile
to pnsition geologlio events outside the context of a tem-
' poral framework. Beoause of an abgenoe of oonventional

1 paleontologlc evidence, and because of their noncommittal

stratigraphlio position between Pennsylvanian and Plelstoocene

deposits, the "Red Beds" have not previously been amenable to
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considerations that are dependent for their oredibility upon
an adequate time-stratigraphy. Prior assumptions and inter-
pretations derived from erroneous age determinations, espeol-
ally paleogeographlic inferenoes, are regarded as weak., It

is thus the fundamental concem of this study to develop a
reasonably accurate chrononstratigraphic assessment with

which other previously outlined objeotives can be coordinated.
ik Motivated by the unique potential of palynologloal

4 appliocations to suoh ohronostratigraphio problems, preliminary
investigations ascertalned wlthout questinn that neither a
Pennsylvanian nor a Permian age can be assumed for the "Red

3 Beds". On the strength of both positive and negative ori-
teria, a Middle Mesozolo age is now evident. With the

exception of obviousgly redeposited Paleozolo spores,
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phytoplankton, and chitinozoa, no indigenous palynomorphs

were recovered that oommonly ooocur in or are entirely re-
stricted to Late Paleozoic strata. Even a sursory comparison
of the "Red Beds" plant microfossil complement with that of

any Pennsylvanian sediment inside or outside the Mishlgan

Basin readily and unequivocally supports that fast. Strik-
ingly significant 18 the virtual absence of proximally-striated

sascate pollen of gymnospesrmous and pteridospermous affinity,

such as the genera Striatites, Lueockisporites and Taeniae-

sporites, whioh so ubiquitously charaocterize Permian and
Lower Mesozolo sediments, and whose stratligraphlio ranges do
not extend above the Triassic period.

Without exception, the pollen genus Classopollls is
the dominant element in all "Red Beds™ assemblages thus far
observed. Relative abundance peaks for this genus typify
nany Jurassiec and lower Cretaceous strata, Species of

Eucommiidites, Exesipollenites, nnd some primitive tsugoid

pollen, here inoluded in the genus Zonalapollenites, are

present in most samples, and together with Classopollls

abundances indiocate a Middle to Late Mesozolo age. These

are long ranging taxa within the Mesozolo, and their upper
range 1s especially ambiguous. However, the first appearance
of eaoh in the stratigraphic record is considerably more

definitive. Pollen of Classopollis and Eucommlidltes have

been reported from European Rhaeto-Liassio deposits (Nilsson,
19583 Chaloner, 1962), and may therefore extend into the

Upper Triassio.
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Tetrads figured by Klaus (1959, 1960) from the Upper

Triassio of Austria are alsn probably those of Classopollis.

MoGregor (1965) has 1dentified Eucommlidites from uppermost

Triassic (Norian or Rhaetian) deposits of Arctic Canada.
The widely ooocurring genus Exesipollenites has not been
reported below the Jurassio. Ancestral tsugoid pollen may
extend into the Upper Triassic. These preliminary observa-
" tions, inoluding the laock of multistriated saccate pollen,
enable a maximum age for the "Red Beds” to be placed with
some degree of confidence at uppermost Triasslc or Lower
Jurassio.

The oonspicuous absenoe of anglinsperm pollen serves to
establish a minimum age. At present there are no fully
doocumented acecounts of pre-Cretaceous pollen of this type
(Socott et al, 1960} Hughes, 1961). In North Amerioa pre-
Albian Lower Cretaceous anglosperm pollen have not been re-
corded from the Potomac Group of the Atlantic Coast (Brenner,
1963), from western Canada (Pooock, 19623 Singh, 196uj, from
Artio Canada (MoGregor, 1965) or from Nova Scotia (Stevenson
and MoGregor, 1963). The writer has not observed anglosperm
prllen in similarly aged sediments of the central Gulf Coast
reglon.

In most of Europe, unquestioned anglosperms llkewise
make their first appearance in Lower Alblan or possibly Upper

Aptian sediments. The monooolpate genus Clavatipollenites,

whioch may be elther gymnospermous or anglospermous, has been

reported in the Wealden and Aptian of Britain by Couper (1958).
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This problematic pnllen has also been reported by Brenner
(1963) from Aptian sediments of the Potomac group. Clavati-

pnllenites, whatever its affinity, is not known from the

Jurassio. Burger (1966) has identified anglospermous
tricnlporate pollen of the "Castanea™ type from Early
Cretaceous sediments near the Jurassioc-Cretacenus boundary
in the Netherlands. Gront and Gmot (1962) note an absence
of anglosperm pollen in pre-Albian crétaoeous gsediments of
Portugal. Pre-Alblan anginsperm pnllen are likewlse missing
in Australia (Dettmann 1964).

Although the foliage genus Sanmiguelia 18 regarded by

some as a possible Triassic palm frond, the ponllen reocord
dnoes not as yet suppnrt speculation on pre-Cretacesus angio-
sperm anoeqtry. The apparent ocnsmopnlitan absence of pre-
Cretacenus anglosperm pnllen lends strong if not ilncontm-
vertible evidence for a minimum age for the "Red Beds",

The relevance onf the.absenoe nf ocertain schizaeaceous spores,

especially Appendloisporites, and other ferm spores which

first appear at or near the Jurassio-Cretaoeous boundary,
will be disoussed later. The palynnlogic assemblage is of
unquestionable wmid-Mesozoloc aspeot, and the evidence thus
far presented brackets the "Red Beds" between uppermost
Triassio and lowermonst Cretaceous ages. At this pnint 1t
would be difficult to challenge the oonolusion that the
*Red Beds" are axoluslveiy Jurassic in age.

Attempts at a more precise genohrononolngy, for instance

at the stage level, are placed at a disadvantage by several
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diffioculties, any or all of which cnuld restrioct or at least
delay the ultimate in refinement of age determination.

First there are but a few published acoounts of North Ameri-
can Jurassic palynnlogy, and some of these have limited
applicability or bearing on the "Red Beds"™ problem. The
study by Jux (196l1), for instance, 1s sﬁratlgraphically
restrioted to the Louann Formation and diapirioc salt of the
Gulf Coasti his taxonomioc treatment and oconolusions are

not oconsidered adequately documented for consideration here.

A report by Rouse (1959) is stratigraphlcally and geograph-
ically confined to the problematic Jurasslo and/or Cretaceous
Kontenay onal of British Columbia, and Pooock (1962) presents
an exhaustive palynonlogloc treatment of strata at the Jurasslo-
Cretaceous boundary in Western Canada. These studies are
germane tn the present investigation only insofar as they
bear on the possible minimum age of the "Red Beds®™. The
11llustrated spore and pollen assemblages from selected
Triassio, Jurasslio, and Lower Cretaceous samples from Arctlc
Canada (MoGregor, 1965) are useful for onmparative purposes,
but only Lower and Upper Jurassio assemblages are illus-
trated, there is no formal systematioc treatment, and there
are no statements conceming ranges or abundances of 1llus-
trated forms.

Beocause there is a dearth of published monographlioc
treatments of North American Jurassic sponres and pollen,
as well as an inventory of their stratigraphioc distribution,

especially for the vast Jurassioc deposits in the Western
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and Gulf Coast reglon of the United States, it 1s therefore
necessary to oompare the "Red Beds™ assemblage with extra-
oontinental data sources, prinoipally from Brltain, Westem
Europe and Australia. Interoontinental time correlations
founded on palynnlogy are affected and rendered diffioult
by pmblems of homotaxis, which may or may not play a
signifioant role, and by dynamioc time-space phytogeographioc
and climatio pattems on a glnbal soale.

It 18 thlis set of clroumstances, tngether with the fact
that the "Red Beds" assemblage cannot be "plugged” into a
local palynological Jurassio zonation, which prnduces the
seonnd major diffioulty, namely the problem of ocorrelation
methodology.

Traditionally, three appronaches have more or less oommon
usage in blostratigraphy. These include (1) some form of
the zonal or "index fossil”™ concept, (2). the total knowable
range of a taxon, snd (3) varlous degrees and methods of
quantification. The preference of any one method usually
refleots the blochronologiocal philosophy adhered to be a
pafticular paleontologist. Proponents of the use of the
index or gulde fossil as the charasteristio speoles of a
zmme inolude, of course, such notables as Arkell and
Schindewnolf. Jeletzky (1965), a recent spokesman of this
fundamentally qualitative approach, has oondemned quantl-
fied biloochronologlioecal ﬁethods on the grounds that sush
gtatistioal methods errnneously assume that all members of
a blota have equal biochronologlioal value. Some of

Jeletzky's views no doubt are justified. However, his
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total rejection of quantified correlation methods has been
challenged in a most provacative manner by Cockbain (1966),
who has demonstrated that the degree of blochronologlceal
usefulness of a fossil can possibly be expressed numerically
with the application of an informatinn function. Shaw (1964)
has also developed a unique and intriguing quantiflied correla-
tion teohnlique based on sound blostratigraphlo princiﬁles.
Thia method, which employs the imown range of a taxon as

the basis for oorrelation, is not entirely if at all subject
to the oritiocisms leveled by Jeletzky (1965).

The overwhelming relative abundance of Classopollis

in practically all "Red Beds" samples makes worthy a ocon-
gideration of the pnssible use of such abundance data in
genchronology. If 1t could be demonstrated that the “Red

Beds™ abundanoce peak of Classopnllis represented an evolu=-

tionary acme, or, in zonal perlance, 1ts hemera or eplbole,
then ooncelvably, a theoretically sound basis for cnrrelation
ocnuld be established. This is not the case, however, beocause
numerous and praotiocally oosmopolitan abundance peaks of this
genus are found throughout the mid-Mesoznic. They occur

not only throughnut the Jurassic, but in the Lower Cretaceous

as well. In the British Jurassic, Couper (1958) recnrds

Classopollls abundanpea greater than firty per cent in the
Liassioc, Bajocian, and Purbeckian stages. Similar peaks
noour in the Lias, Bathﬁnlan. and Purbeckian of Southem
England (Lantz, 1958). A Lower Jurassioc maximum oococurs in

Australia (Balme, 1957). At least six regularly spaced
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abundance peaks have been identified in the Late Jurassio
and Early Cretaceous of the Netherlands (Burger, 1966).
Brenner (1963) indicates several sometimes regularly spaced
peaks from the Lower Cretaceous Potomao Group of Maryland.
In addition, the author has observed a dominance of Classo-
pollis in several Jurassioc samples from the westem United
States, notably in the Rierdon, Sundance, Morrison, and
"Ralston Creek” Formations. Similar abundances have like-
wise been observed in the Jurassioc Buckner Anhydrite and
certain Lower Cretaceous samples of the Gulf Coast Province.
These data are graphioally summarized in fig. 5,

Beoause of the dispersal mechanlisms of certain spores
and pnllen, the hemera of some plant speoclies should be
mnre readily deteotable than that nf practically any other
organism. However, i1t would be impossible to determine if
any one of the above mentioned Classopollis dominances 1s
hemeric in nature, and it is amply clear that such maxima
are not amenable to hemeral correlation. More probable,
the multiple and sometimes rhythmical abundances of this
pollen are a manifestation of a complex of escologiocal and
sedimentologiocal phenomena, and as such are completely
inadequate oriteria for time ocorrelations, except perhaps
on a very local basis. Probably the only bloochronologlc
simnificanoce such maxima have, other than on a local basls,
1s that they are oonfined within the total stretigraphio

range of Classopollls.

Index fossils, either as characterigtic of formatlions

or zones, and various zonal concepts, are among the most
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widely accepted and commonly used correlation methods.
The biozone {bioechron) is actually an abstract onncept
recently disoredited by Shaw (1964) on grounds of impracti-
ocality because the true stratigraphlioc range of an index
fossil, upon which a blnzone is defined, is generally
unknowable and unattainable. Shaw further regards the bio-
zone simply as a theoretical concept from which a more
practioal apprnach to the utility of fossil ranges can be
derived. The conocept developed by Shaw 1a based nn the
inowable and establishable stratigraphio range. This, the
"tontal atratigraphlc range®, 1s the stratigraphic interval
delineated by the firat and last recoverable speocimens of
a particular taxon.

Jurassio palynology has not progressed to the establish-
ment of spore/pollen zones correlatable intercontinentally,
and as previously discussed, relative abundances are totally
inadequate for long range correlaticn. Regarding the "Red
Beds", the most plausible approach would be an age determina-
tion from the ourrently known total stratigraphloc ranges
of selected palynomorphs established from published literature.

In order to summarize stratigraphlc ranges on a compara-
tive geographlic basis, a range chart (Fig. 6) of selected
taxa was ocompiled for each of four regions. These regions,
including Weatern Canada, Arctic Canada, Westem Europe
(chiefly British Isles and Netherlands) and Australla, were
chosen because they represent areas where the Jurassic has

been more thoroughly investigated palynologloally, and,
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as in the case of Westem and Arctic Canada, because nf
their geographioc proximity to the Miochigan Basin.

In reviewing literature portaining to Jurassic palynnlogy,
a number of papers were encountered whioh provided insuf-
flolently dooumented. stratigraphic data; in others the
quality of 1llustrations and taxonomic treatment was such
that they were of limited usefulness. It was felt necessary
either to disregard such papers, or to utilize their data
selectively. The prinocipal references incorporated into
the range chart were; for Westerm Europe, Couper (1958,
1964), Couper and Hughes {1963), Lantz (1958), Delcourt and
Sprumont (1955), and Burger (1966); for Australia, Balme
(1957, 1964), and Dettmann (1963); for Westem and Arotioc
Canada, Poooek (1962), Rouse (1959), Singh (1964), and Mo-
Gregor (1965). In addlbioﬁ. Dr. Stanley Pocock has kindly
made. avallable a manusoript of a palynnlogle study on the
Westem Canadlan Jurasslo. Thls study, soon to be published,
18 unquestionably the most ocomprehensive analysis of the
Jurassio in the Weastem Hemisphere, and was of indlspensible
value throughout the ocourse of thls study.

An analysis of the stratigraphlo ranges of previously
desoribed species nccurring in the "Red Beds"™ foouses atten-
tion on several issues. A heteroohronism of the first re-
corded appearance of these species in the various regions
begs the vallidity of intercontinental oorrelaﬁlons with suoh

distant regions as Australia. For example, Exesipollenites

tumulus is restriocted to the Lias of Australia, whlle in
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Westem Canada 1t does not appear until the uppermost Lias
and extends into the Cretacenous. It ls not reported from
Arotic Canada and 1ts presence in Western Europe is not fully
doounmented. Otherwise praoctioally cosmnpnlitan species such

as Eucommiidites troedssonil, Zonalapollenites mesozolous,

and Spheripollenites scabratus are notably absent from

Australia, The reocnrd of Zonalapnllenites trilobatus

commences in the upper Lias in Western Canada, in the
Bajooian or Bathonian of Westem Europe, and in the Oxfordian

of Australiai that of Zonalaponllenites mesozolcus begins in

the middle Lias of Westem Europe, and in the Bajoclan of
Westem Canada. These and other heterochronous flrst appear-
ances are the result of olimatic and phytogeographic pattems,
migration rates, eto., as well as inadequate data, at least
in some cases. Whatever the oause, they stress the desir-
ability of a North American Jurassic standard of reference,
incorporating stratigraphic ranges from the Gulf Coast and
Westermn United States in addition to Canada.

The long stratigraphlic range of most of the forms that

| oan be identified with previously desoribed taxa has already

besen mentioned. As previously discussed, a consideration
of those species present only in the "Red Beds" has the

limitation of not providing a preocise minimum age limit.

The youngest specles present are Zonalapollenites dampleri,

and Zonalapollenites trilobatus. If the entranoce level of

the youngest species 18 used as a determinant, then a maxi-

mum age for the "Red Beds" could be placed in the uppermost
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Liasslio (Toarclan). Zonalapollenites mesozolous is very

similar, having an entranoce level in the Pliensbachlan.
Considering further only those specles present, a Lower
to Middle Cretaceous minimum age would be suggested. Again
the use of negative evidence, 1. e. the use of well estab-
lished ranges for taxa not present in the "Red Beds", 1is
necessitated. There 18 a prodigious number of suoch taxa,
and taken together they would not contribute significantly
to the resolution of the problem because ranges of the
respective taxa would overlap throughout the Jurassic. A
possible approach wnuld be to select arbitrarily a group
of speoles oonfined more or less to the Lower Jurassio, and
another group having entrance levels in the Upper Jurassio.

If Calamospora mesozoloca and Concavlgpérltes subgranulosus

are oonslderéd, a lower 1limit to the "Red Beds" could be
placed at the base of the Bathonian or the base of the
Callovian. Another posslbly.slsnlrloant absence 1s the
genus Latensina, which does not extend above the Lower
Jurassic of Westem Canada (Poocock 1964).

The absenoe of Appendicisporites, Trilobosporites

bemissartensis, and Pllonsisporites trichopapillosus indi-

ocate a pre~-Purbeckian age, and that of Conoavissimlisporites

verrucosus would suggest a pre-Kimmeridglan age. The

entrance of Conoaviasimisporites punctatus and Staplini-

gporltes caminus oocours in the Oxfordian. Clcatricosisporites

has not been reported below the Portlandlian of Canada, but
may occur rarely in the Middle Jurassic of Eurnpe and

Australia.
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If the upper range limits of Calamospora mesozoloa and
Conecavisporites subgranulnsus are oonsldered along with the

lower range limits of Conoavisaimisgorlteé punctatus, C.

verruoosus, and Staplinispnrites caminus, then an age be-

tween the base nf the Bathonian and the top of the Oxfordian
can be assigned to the "Red Beds™. The acceptance of this
age determmination largely depends on the oredenoce on wishes
to place on the negative evidence presented. Any refine-
ment of this determination will hopefully ocome about through
future data accumulation for the Jurasslo of the Westem
Hemisphere in general and for North America in particular.
At this stage 1t is probably reasonable to regard the "Red

Beds" as being of middle to lower Upper Jurassic in EEE.
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_FLORA OF THE “"RED BEDS"

Comparative spore and pollen morphology of extant taxa,
or of dispersed fossll palynomorphs and those recovered
from fruotifications attached to nr otherwlse known to be
related to identiflable magafloral remains, provide the
only posslible means of paleofloristic reconstructlion for
the Jurassic of Michlgan and adjacent areas.

By the mid~Mesozolo, most of the present families of
gymnosperms, as well as pterideophytes, were alxeady in
existence. Direct morphologloal comparlisons between forms
found in the "Red Beds" and thelr living generic and supra-
reneric counterparts can thus be made, limited of oourse,
to the extent that various taxonomio levels within and between
extant plant families can themselves be readlly distingulshed
on the basis of spore/pollen charaocters.

It 18 well known that oclosely related genera and specles
within a plant family are sometimes markedly eurypalynous,
while other families tend to be mnre stenopalynous. Both
of these conditions exist in the famllles represented by
plant microfossils in the "Red Beds".

Only a few Jurassioc spnres and pnllen have been related
tn theilr parent plants by virtue nf thelr presence in frulting
bndies. The botanical affinities of fewer stlll have been

37
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demonstrated for North America, where few rich Jurassio
maorofloras have been described and where very little informa-
tion on Jurassic palynology 1s yet avallable., Because of

the dearth of known relationships between extinot spore

and pollen types and thelr parent plants, as well as the
eurypalynous onndition among extant families, attempts at

the reconstruction of ancient floras must be oonsldered
speculative., Great ocaution must be exerolsed in assuming

genetic consangulnity for sporae dlspersae in sediments other

than perhaps Pleistooene or Late Tertiary.

Approximately 64 spore and pollen species are described
or 1llustrated from the "Red Beds". Of this total rigure,
25 (39 percent) are spores of pteridophytes, while 39 (61
percent) are pollen of gymnospermous aspect. This latter
figure fneludes one specles of known pterldospermous affinity.
Pteridophyte spores are extremely rare and ail but a few
specles of this group are known only from single speclimens.
Many of these spores have been only tentatlively identifiled
from the published reports on Mesnzolo palynology. It is
likely that several unocertaln taxa may be recycled from
nearby Paleozolo source areas. Recycled palynomorphs of
Devonlian, Mississipplan and Pennsylvanlan age have, in fact,
been reocognized. The extreme rarlity of spores, oompared
to gymnospermous pollen, may indiocate derivation from plants

nonindigenous to the regional Jurassic flora. When these
singly ocourring speclies, except those certainly known to

be at least as young as mid-Mesozolec age, are deleted fron
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floristio oonsiderations, a flora ocomprised of 23 percent
pteridophytes and 77 percent gymnosperms 1s lndlcated.
Either way it 1s inventoried, a dominantly gymnospermous
flora 18 evident.

All of the pteridophyte spores whose botanloal affinity
can be asocertained, at least at the family level, are known
only from single oocourrences in the "Red Beds". Possible

lycopsids are represented in this group by Lycopodliumsporites,

a spore morphologlically resembling those produced by living
and fossll lycopodliales, and Densolsporites, whose suggested
relationship is8 wlth the Selaginellales. A peculiar spore,
here identified as Lundbladispora willmottl Balme, previously

recorded from the Triasslio of Australlia, may also be related
to the Selaginellales (Balme, 1963).

Calamospora 1s related to the Late Paleozolc calamarlans,
and the "Red Beds” speoimen onuld have been recycled from
nearby Pennsylvanlan strata, whe;e it 1s qulte common. It
is also somewhat simlilar to a speocles which is commonly
assooclated with and may have been produced by Mesozolo
equiégEaleana in Gréat Britain (Couper, 1958).

The Fllioales are repréesented by two speolies of

Todisporites, of possible osmundaceous affinfty, and one

species of Cyathidites, whioch may be related to oyatheaceous

or diocksonlaceous ferms. The specimen of this latter genus
is not well preserved and the genus i1tself is praotically
indistinguishable from, and oconsidered ﬁy some to be

synonymous with, the Paleozolo genus Lelotriletes. It 1is




4o

suspected that the "RHed Beds" speolmen is reoycled. A grain
very similar to some identified by Burger (1966) as
Matonisporites may have been pronduced by matoniaceous or per-
haps even schizaeaceous fermns. Rouse {(1957) suggests an

affinity of spores similar to Biretisporites with Hymeno-

phyllunm. of the famlly Hymenophyllaceae.

In addition, a group of 16 fern type spore species whioch
cannot be related at the family level have been desoribed
and i1llustrated. Inoluded in this group are Cingulatisporites

distaverrucosus, Converrucosisporltes, Convolutisporites,

Undulatisporites, Verrucosispnrites, and 11 other speciles

not assignable to existing genera. Of this group Cingulati-
sporites distaverruoosus and Spore Types "A®" and "F" are the
only taxa represented by multiple specimens in the samples
observed, No spore types which can be definltely related
to non-vasoular plants are known from the "Red Beds"
agsemblage.

For the most part, there is no partioular diffioulty
in distinguishing Mesozolo pteridosperm and gymnosperm pollen
from pteridophyte spores or anglosperm pollen. Among the
gymospermous types, four distinot pollen morphologloal
groupings can be recognized; these include (1) an apparently
inaperturate group, (2) a porate or leptomate group, (3) a
suloate, non-sascate grnoup and (4) a sulcate or leptomate
bisacoate group.

The first group 1a comprised of morphologloally siumple,

spheriocal to subspheriocal pnllen having two exinal layers
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of more or leas uniform thicimess whioh may or may not be
closely appressed and whioch may or may not have extra- or
infra-sexinal ornamentation. The salient feature of pollen
in this group is that they bear no visible pores, leptoma,
nr any other organized germinal mechanism. Possibly several
speoles of this pollen type are present in the "Red Beds",
but because of 1ts extremely variable size, omamentation,
and wall struoture, they have all been lumped together under
Inaperturopollenites sp. "A". It most strongly resembles
araucarian pollen, but may well be polyphyletic in origin.

The second group encompasses porate and leptomate pollen
having radial symmetry and a ociroular amb. On some members
of this group the leptoma i3 weakly or inoconslistently devel-
oped, and often undetectable except under phase contrast.

The exine of this group is usually two-layered, and ranges
from those forms in which the sexine 1s elther tightly or
loosely éppressed. to those in whioch it 1s separated equatori-
ally to produce a monnsaccate aondition; Pnllen of the genera

Spheripollenites, Exesipollenites, Zonalapnllenites, and

Classopollis are 1lncorporated in this group. Couper (1958)
has illustrated and disocussed a comparison between Spheri-

pollenites scabratus, as well as other specles of the genus,

and the pollen of ocertailn extant members of the Cupressaceae

and Tarxaoceae. Exesipollenites tumulus 1s a similar form

also probably produced by fossil members of these gymno-

spermous famillies. Pollen nf the genus Zonalapollenites

possess many of the morphologlical attributes of Tsuga,
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including the distally pendant sacocus and the leptomate
germinal area ocentered at the distal pole. The proximal
triradiate tetrad mark whioch charaocterizes many of the fossil
grains has llkewise been observed on modem Tsuga pollen.
Six species of this highly variable pnllen genus are recog-
nized in the "Hed Beds", indloating a considerably diverse
tsugold representation in the regional flora. The genus

Classopollis, having a distal leptomate pore, a2 distal ring

tenul tas, an infra-sexinal strliated equatorial band, snd a
trilete or triangular tetrad mark at the proximal pole,
i1s among the most morphologlically complex of all gymnospernm
and most anglosperm pollen. Fortunately its botanical
affiliation is also well doocumented by its presence in

staminate cones of Cheiroleplé and less ocertalnly in those

of the closely related oonifers Brachyphyllum and Pagio-~

phyllum. Dispersed grains of Classopollls are frequently

assoolated with the follage of these three genera, which

are considered more closely allied with the araucarians than

any other coniferous famlily. Four species of this unique

pollen are herein recognized from the Michigan deposits.
Eleven speoles distrlbuted among the pollen genera

Cycadopites, Ginkgoretectina, Chasmatosporites, and

Eucommildites make up a non-sacoate morphologlcal grouping

characterized by a single distal sulous or sulcate leptoma.

Those speoles of Cyoadopltes having a stralght, simple sulous

with somewhat irregular margins and without thlokened lips

Tflanking the sulous resemble the pollen of the Ginkgoales.
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One suoh speoles, designated Cycadopites sp. "A", was noted.

Forms of this genus with either a stralght or "keyhole-
shaped"” sulous flanked by thiokened lips appear to be more
closely related to the oyoadales. Two speoles of this type

were present. The genera Ginkgoretectina and Chasmatosporites

also bear semblance to some modem oyoad pollen. Because of
the similarity of the monosulcate pollen type to several
pteridospermous as well as gymnospermous groups, inocluding
the Bennettitales, the mid-Mesozolc forms are probably best
consldered as having affinity with a Ginkgoales-Bennettitales-
Cycadales ocomplex.

Five speclies of the pecullar and complex pollen

Eucommiidites are desoribved from the "Red Beds®", and this

congtitutes a greater species diversity for this genus than
pfevlously recorded from a single stratigraphic unit. The
pollen differs from most monosulcate pollen in having a pair
of proximal sulcoid tenuiltates flanking the distal sulocus.
So great 13 its resemblance to triocolpate pollen that it was
originally oonsidéred anglospermous. However, Highes (1961)

found numerous specimens of E. delcourtli in the mioropyle

and pollen ohamber of the gymnosperm seed Spermatites pettensis

from the British early Cretaceous, and Brenner (1963) has

reported E. troedssonil in the mioropylar tube of similar

seeds from the early Cretaceous of Maryland. On the basis

of its struoture, Hughes (1961) suggests a relationshlp

betwesen Spermatites and the Chlamydospermales. At the present,

it 13 more appropriate to oonsider Eucommiidites simply as a

gymnosperm pollen.
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Distally suloate and leptomate bisaccate pollen are
known to have been produced in the past by a number of
pteridosperms and other gymnosperms alike. Currently, Jjust
two families, the Pinaceae and Podocarpaceae, produce such
pollen, but it is certainly not possible to asoribe all Late
Paleozolio and Mesozoloc bisacocate grains to these two families.
In a few oasés it i3 possible to differentiate pteridospernm
and gymnosperm pollen of this type. One cosmopolitan Meso-
zoioc pteridosperm pollen which occurs rarely in the ™"Red
Beds" is Vitreisporites pallidus. It has been found in male
fruotifiocations of Caytonanthus, belonging to the Caytoniales.

The genera Pltyosporites and Allsporites, with one and three

"Red Beds" species respectively, most likely have taxonomioc
arffiliations uithln the family Plnaoeae, although some
speclies presently assignable to these genera may well be
bferidoaparmous. The famlly Podoocarpaceae is represented

by two species of Podosarpidites, a pollen morphologlcally
similar to those produced by Pondocarpus, and by slx specles
of Phyllooladidites, whioch particularly resembles the pollen
of Daorydium,

Two speoimens of Aumancisporites cretaceus, a fom

actually belonging in a morphnloglcal group comprised of
proximally multi-striated pollen which are prominent 1in
Permian and Triassic sediments, were observed. This whole
group has been thought to be related to primitive or
ancestral Chlamydospermales, and Pooook (1964) discusses

in detall the similarity of A. oretaceus to the pollen of
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Welwitsohia. Those multi-striated forms whioh have a trans-

verse sulocus, as does A. oretaoceus, appear to be more olosely

related to the Coniferales than to the Chlamydospermales
(Wilson, 1962). The botanlcal affiliations of the "Red

Beds" spore/pollen assemblage are summarized in Table 1.




Teble 1 - Botanical affinities of the "Red Beds" palynomorphs.

Equisetaoceae Calamospora *
Lycopodiaceae Lycopodiumsporites
) Densolsporites
g Selaginellaceae Lundbladispora willmotti
§ Osmundaceaes Todlgporlteq
é Hymenophyllaceae Biretlisporites *
Cyatheaceae Cyathidites *
Matoniaceae Matonisporites &
Pteridospernmae Vitreisporites pallidus
Caytoniales
Cycadales - gycadopltes
Bennettitales - Ginkgoretectina
Ginkgoales Chasmatosporites
v | Taxaceae - Exesipollenites tumulusg *
Zi | Cupreassaceae Spheripollenltes soabratus *
13}
Re
wm
o Podocarpldltes
= Podocarpaceae Phyllocladldites
O
Inaperturopollenites *
Araucariaceae m%——roporﬁ———
Pltyosporites
Pinaceae Allsporites
Zonalapolienites
Chlamydospermidae Aumanclspurites cretaceus %

# Indicates provisional assignment.
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PALEOGEOGRAPHIC CONSIDERATIONS

In considering the Miochigan Basin in spatlial relation
to the Jurassic geography of North Amerioca, it would be
helpful to ¥now the position of sBtrand lines during deposi-
tion of the "Red Beds"™. Knowing this, the maximum extent
of this Jurassioc depositional site could be estimated.
Subsurfaoce sample quality and post-deponsitional erosion are
again factors limiting reasonable speculation on these matters.
It 18 certain that post-Jurassloc erosion and Plelstoocene
glacial abrasion reduced, by an undeterminable amount, the
original areal distribution of these deposits. They do thin
and wedge-out toward the updip limits of thelr distridbution,
but this thinning may reflect either proximity fo a former
shoreline, or post-deposlitional erosional truncation, or both.
A lateral projeotion of erosinnally truncated strata (see
restored lithofaclies profiles, Fig. 4) along the unconformity
between the "Red Beds™ and Pleistoocene drift implies a maxi-
mum extent of the shoreline beyond the present 1limits of
areal distribution.

Avallable paleontologloc information does not support
a marine genesis for the "Red Beds", but the absence of marine
phytoplankton from the palyneologloal assemblage does not

necessarily rule out speculations of a marine influence,

47
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which may have been a source for the evaporites. The
prssibility of a shoreline extending beyond the Michigan
Basin, onupled with the unolear relationship of the "Red
Beds" to the post-Paleozolc structural history of the basin,
begs the question whether they were deposited in an intra-
cratonioc basin, or by a transgression from outside the
basin. They may have been deposited by a shallow epeirioc sea
transgressing over a flat or gently sloping eroded Paleozolo
surfaoce that was, subsequent to deposition, downwarped to
form a structural basin in which the "Hed Beds" are pre-
served Aas an erosimnal remnant. Deposition could also have
ococurred during an epeiric transgression into a pre-existing
basin where sedimentation would thus be bathymetrically
controlled., Or, they may have been deposited by an epelrioc
" sea where basinal downwarping and sedimentation were ocon-
current and teotonlcally controlled.
The stratigraphlic and sedimentologlic evidenoce provides
no clues pertaining to elther the point of origin or the
route taken by any suoch transgression. Because of post-
Jurassic erosion, sediment thickness pattems do not indicate
the source of sediment influx into the Michigan Basin. The R
very presence of the "Red Beds", consildered in relation teo
the distribution pattem of North Ameriocan sedimentary
roocks (Fig. 7), poses several paleogeographlioc possiblilities.
One possible source for an epeirlio transgression would
be from the south in the Gulf Cnast Province. This postulate

speolfloally implies a brief extension of Gulf Coast Jurassio
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seas through the Mississippl embayment, up the Mississlippl
Valley, and into the Michigan Basin, a dlistance of some 700
miles. The Michigan "Red Beds™ do have several common
attributes with the Gulf Coast Jurassic. In partiocular,
evaporite and red bed facies (Louann, Norphlet, Buckner,
and Shuler formations) are an important component of the
Gulf Conast Jurassio, and chronnlogiocal equivalents of the
Michigan Jurasslioc are likely to be represented in the Gulf
Coast. While lithologlo and as yet undetermined temporal
similarities exist, there is no evidenoce whatsoever to commend
the ponstulate of a genetio continulity between these widely
disjunct regilons during the Jurassilo.

Most 1f not all sedimentary faocies of the Central Gulfrl
Coast Jurassic have oclastic, often conglomeratic equivalents
in an updip northward idreotion. This strongly suggests
that thelr present distributional limits approximately
cnincides with the nothemmost Jurassic limit. -Fhe-Mississippl
Embayment 18 of course overlain by early Cretaceous sedi-
ments, with later Cretaceous extending into southeast or
perhaps east central Illinois. Throughout the Mississippl
Embayment 1tself, north of the Jurassioc 1limit, there like-
wise 18 no record of Jurassioc sediments underlying the
Cretaceous overlap. Finally, the Misslssippl Embayment
itself did not actually come into existence untll early
Cretaceous, although a drainage system was present somewhere
in the vicinity of the Embayment which supplies a conslderable
volume of clastics to the central Gulfr Coast Jurassic

depositional sites.
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Epeirioc connesctions ocould also be postulated toward the
north, northeast or east, but again the present distribution
of Jurassic sediments lend virtually no support. The nearest
Jurassic in & northward and northeastward direction is in
the Canadian Arctlioc and Eastern Greenland. Jurassioc sedl-
ments have been encountered deep in the subsurface off Cape
Hatteras, and oconceivably they extend offshore throughout
the entirety of the Atlantioc Coastal and Marltime Provinoes.
The Appalachian system no doubt imposed an effeotive barrier
against transgressions from the East, with the possible
exception of the St. Lawrenoce Valley. A distance of approxi-
mately 1,100 miles separates the Michigan Basin from the
Gulf of St. Lawrenoce, and no mid-Mesozolo sediments, exocept
Lower Cretacenous in Nova Sootia (Stevenson & MoGregor 1963)
are present in the intervening distance.

A amall exposure of non-marine. lignite-bearing sedi-
ments loocated at the southem tip of James Bay has been
and still is referred to as Jurassioc in age. The megaflora
of this sequenoe, the Mattagaml Serlies, suggests an early
Cretaceous age (Bell, 1928), and the palynologlo assemblage
of thls series clearly indloates a pre-Aptian Cretaceous
age. There is no reason to suspect that Jurassic strata
may underlie the Mattagami Serles, which is roughly 500
mlles distant from the Michigan Basin, and there are no
reported Jurasslc ocourrences beneath Hudson's Bay.

The Mesozolc history of the Canadian Shlield, and the

amount of such history removed by Pleistmoene glacial erosion,
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are two great intangibles vitiating any postulates involving
a Jurassic transgression across the Canadian Shield into
Michigan. Paleozolec seaways at times apparently traversed
at least part of this vast expanse, and it is oertalﬁly
not inconeelvable that a veneer of Jurassic or other Meso-
zolo strata was completely stripped from the Shield by
continental i1ce sheets. This imponderable must remain so
until the fragmentary Mesozolc record on and peripheral to
the Shield area, and the paleogeographic conclusions presently
deduced from it, is supplemented by additional discoveries.

Jurassloc strata of the Westerm Interior extend almost
as far east as the westermn margin of Minnesnta, and this
relatively close proximity to the Miochigan Basin has appeal
as A possible paleogeographlc relationshlip between the "Red
Beds" and the Westerm Interior Jurassic. As in the case
of the Gulf Coast, however, little more than a postulate can
be advanced. There 18 no tanglble evidence of an eastward
transgression of that magnitude, with the exception of one
notable occourrensce which does strengthen the postulate.
In Webster County, Iowa, located in the north-ocentral portion
of the state, a sequence of gypsum and dominantly reddish
oolored shales, sandstones, and conglomerates ocours. This
deposit, the Fort Dodge Formatlon, 18 restriocted to the
northem half of Webster CQuntj where 1t ococurs as isolated
erosional remnants spread over an area of approximately
125 square miles. An original distribution covering a con-
siderably larger area has no doubt been diminished by pre-

Plelstocene ernsion and Pleistocene glaoial abrasion. A
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maximum thiokness nnt in excess of 80 feet has been reonrded
(Hale, 1955). Bedded gypsum in commercial quantitles reach
thicknesses nf about 30 feet. The gypsum thins radially
toward the periphery of its distribution limits, as do also
the olastic facies nf the formatinn. Overlying red shale

and sandstone faoles extend laterally beyond the gypsum

beds, at least in a north and west directimn. A thin basal
conglomerate compnsed largely of looally derived Palenzonic
limestone pebbles 18 present in snme expnsures in the southem
area nf occurrence. The Fort Dndge Formation uneonformably
overlies Pennsylvanian and, lnoally, Misslissipplan strata.
Plelistoocene glaclial depnsits nverly the formation in most
places, although Cretacenus sediments may overlap the extrenme
westem extremitlies. No fosslls other than obviously re-
cycled Pennsylvanian invertebrates in the basal conglomerate
have previously been found. For this reasnn, together with
1ts stratigraphic pnsition, the Fort Dodge Formation has
usually been regarded as Permlan or perhaps Pennsylvanian

in Aage,

Palynnloglio evidence from an abundant spnre-pollen flora
recovered from the gypsum as well as the assnclated shales
clearly indiocates A Jurassic age for this Iowa depnsit.

In fact a striking composltional resemblance exists between
the Jurasslo depnsits of Miochlgan and thonse of Iowa, and
preliminary :avestigation on the latter indicates almnst a

specles-for-speclies comparison 1s posslible. Classopollis

1s by far the most abundant form in the Fort Dodge Formation,
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but it 1s not always the overwhelming dominant that is in
the "Red Beds". Pteridophyte spores and bisaoccate pollen
are snmewhat more abundant in the Fort Dndge. The Fort
Dodge Formation is tentatively regarded as late middle to
early Upper Jurassioc in age, and a synohronism between the
‘Michigan *Red Beds" and the Fort Dondge i1s implied.

In addition tn this probable synchronnus relationship,
several other notewnrthy points in comparison are possible
between the two deposits in question. Both exhibit com-
parable lithologioc, stratigraphic and paleoclimatologlo
pattems whioch indlcate a history of similar successions of
sedimentary environments. Both appear tn have been deposited
in, though now restrioted tn and preserved in, or in sonme
nther way related to, a strudtural basgsin. The structural
configuration of the Fort Dndge area 1s somewhat more subtle
than that of the Michigan Basin, owing to the disjunct
distribution of the isolated remnants of the formation, but
it definitely is reflecoted by the structural attitude of
the base of the Fort Dndge Formation itself as well as by
underlying Paleozolc formations (Hale, 1955). The structursl
conTlguration has been modified by the Fort Dndge Fault, a
graben struoture up to three miles in width trending approx-
imately 20 miles east-northeast through the area of onccur-
rence of the Fort Dodge Formation. The time of faulting
relative to the deposition of the Fort Dodge Formation has
long been a controversy, but there now seems to be little
question that the faulting, which does involve the Fort

Dodge FPormation, was a pnst-depositional event. The




55

preservation of much nf the Fort Dodge Formation ocan be

attributed in part to the presense of this graben.

If indeed the Fort Dodge Formation 1s chronologloally
equivalent to the Michigan "Red ds", it plays a prominent
role insofar as a paleographic interpretation of the "Red

Beds" and adJjacent areas is concerned. The Iowa deposit

itgself presents several unsolved problems, and any inter-

pretation must account for the souroce of the gypsum present

there. There are no extensive surface exposures of pre-

Jurassioc evaporites in the vloiany of north central Inwa

whioch, upon chemioanl weathering and ernsion, onuld have

supplied ocaloium sulfate to the Fort Dodge basin where it

could have besen re-precipltated at a later time. A more

likely mechanism, whioh would alsp more adequately explain

|
the volume of gypsum present therg. would be through the

|
evaporation of hypersaline marine}water flowing into central

Inwa during the brief geologlo tike period required for the

depnsition of the Fort Dodge Formgtlon. A shallow connection

wlith the Jurassic seas of the Westerm Interior only 200

miles distant, having a restrioteﬁ circulation pattem and

|
existing in an arid olimatic regime, would ultimately develop

the requisite cnnditions for evap?rlte deposition. Could
1t be that the Fort Dodge Formatlbn and the Michigan "Red
Beds” are the snle known erosional remnants of a Jurassio
eplerio transgression extending aﬁ least as far east as
Miohigan?

Substantiating evidence might be revealed in a search

for new, and a re-examination of known, deposits of uncertain
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age in adjacent areas. Inadeguately dated deposits oocour
in the "Driftless Area" of Wisonnsin. Many of these are
probably Pleistncene sedliments, but they do merit a re-
examination, especially by palynologleal teohniques. Sim-
ilarly, Illinois contains deposits which mostly are oconsidered
elfher Pleistooene or as remnants of the late Cretaceous
overlap. Others may be Tertiary in age. A considerable
post-Palenzolc and pre-Pleistnoene recnrd may be represented
by these and other mostly unfossilifernus and presently
inadequately dated deposits.

The possible paleogeographlic influence of the Lake
Superior Basin should also be considered in the oontext of
a pnstulate for a direot epeliric oonnection between the
Miohigan Basin and the Westerm Interior. Unlike other
Great Lakes basins, that of Lake Superior 1s a structural
bagin of great geologlioc antiquity, and in part could have
provided an avenue for an eastward transgression into the
Miohigan area during the mid- to 1aﬁe-Jurassio. The origin
and history of the Superior basin 1s nnt well known at pre-
sent, and 1ts relation to the "Red Beds" problem can only
be listed among a multitude of others based on speoculation.
If the "Red Beds"™ were deposited by an epeiric transgression
from outside the Michigan Basin, the most engaging postulate
would be a genetioc linkage with the Jurassioc Seas of the
Western Interior.

A final postulate demanding consideration is that the

"Bed Bed's”™ deposlitional history has no direoct or genetios
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relationship with Jurassioc events, espeolally transgressions,
oputside the Michigan Basin. Throughout most of thp Pale~
ozoio, the Michligan Basin has undergone eplsodlo c%ﬁstal
downwarping to accommndate the great thiokness andivolume
of sediment that has accumulated there. There is thus no
particular diffioulty envisioning a Jurassic reactlvation

|

of the Miohigan Basin, resulting in a structural, intra-

l
oratonioc sedimentary basin where the "Red Beds" c&uld be
deposited. Unlike the palengeologlo septlng at t%e Fort
Dodge area, Silurian, Devonlian, and Mlsslssippian%strata
fringing the basin, if exposed, would have been an ample
pntential source of evaporties. Chemloal weatherﬁng of these
evaporites and re-precipitation could readily account for
the "Red Beds" gypsiferous facies, without invoking a link-
age with a marine body. The absence of marine mi#roplankton
in the "Red Beds" suppnrts this thesis, although Aypersaltne
conditions in an epeiric oconnection with the Western Interlor
conocelvably oould have coreated an effective barrier pre-
venting migrations of marine organisms from the west.

Weathering produots of adjacent Paleozole sediments,

espeocially sandstones of the Grand River Group, would have

also provided a likely source for clastics deposlped in the
|
"Red Beds" basin. Upland areas no doubt exlisted toward the

!
northwest in the Upper Peninsula, but lithologloc Fnd thiock-

ness distribution pattems do not indioate a provbnance for
sediments from any particular direotion.
!
By the above mentioned postulate, the post-Pepnnsylvanian

|
and pre-late Mesozolo paleogeographioc history of phe
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Miohigan Basin might be summarized as follows: The area
experienced a long perind of non-deposition and erosion
between.late Pennsylvanian and Early to Mid-Jurassici; any
intervening sedimentary record was either decimated by
pre-"Red Beds” erosion, or has yet to be discovered. With
the formation, in Mid- ton Late-=-Jurassic, nf a structural
basin, more or less ooinoident with the well established
struoctural oonfiguration of the Miohigaﬁ Basin, a pluvial
lake of considerable but unknown extent developed. Initially,
a basal oclastic facles was deposited on the nld erosional
Palenzolec surface. Nelther the initial nor maximum bathy-
metric limits allowed by the strusctural activity is known,
but the lake must have been falrly shallow. Total down-
warping did not exceed total sediment acocumulation3 the basin
filled with sediment and thus underwent a geomorphlc oyole
typical of basins ocharacterized by intermal drainage.
Thlis latter stage was also aoccompanlied by a olimatic regime
where evaporatinon exceeded precipitation. Localized gypsum
facies might have been deposited in isolated temporally and
spatially shifting playa lakes over the surface nf the shrink-
ing "Red Beds" basin. The palenclimatioc and depositional
environment of the "Red Beds" will be discussed in greater
detall later. If deposition continued into latest Jurassic
or even early Cretaceous, the record has agaln been stripped
by erosion and glacial abrasion.

The postulate of an intracratonic struotural basin

having no dlrect physioal relationship to exterlior Jurassioc
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events 18 an entirely loglocal oonclusion, when the past
structural history of the-Mlohlgan Basin 13 oonsidered.

It 18 also the simplest one; 1t ocan be formulated without
exoessive unfounded supposition or transoendence of the
limits of existing evidence, and 1t stands as the most
probable paleogeographic postulate that can presently be
advanced. The second most plausible explanation involves

an epeirioc transgression from the Westermn Interior. This 1s

a less engaging postulate but is still within the realm of

possibility.



DEPOSITIONAL ENVIRONMENTS, CLIMATE, AND
ECOLOGY OF THE "RED BEDS"

Any detalled interpretation of depositional environ-
ments operating in and adjagcent to the "Red Beds" basin
must be speculative for several reasons. For one, these
deposita are aooeéslble only through subsurface samples
of limited quality and quantity. For another, the paleo-
reographic lmprobabllity of a marine or marginal marine
influence cannot be osompletely discounted. No 1ndigenqps
marine fossils have been found, but as previously diggussed,
A narrow, shallow, hypersaline connection with a marine source
could impose an effective barrier agalnst migration into the
Michigan Basin. The fossil record of limited blotlec invasion
that might have nococurred conceilvably could remain undeteocted
in the limited subsurface samples avallable for examination.
Whlle future studies must be open to the pnssibility of at
least marginal marine influence, the avallable evidence
does not warrant further consideration.

The absence of all except terrestrial biota, in the form
nf spores and pollen, necessitates heavy relliance on physical
criteria in the reoonstruction of environments within the
basin 1tself. Red clastios and thelr component detrital
particles are of oourse indicative of no single environment

but many. There is probably a varied array of environments

60
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represented by the Michigan deposits. Most red plgmented
clastios do however reflect nonmarine oonditions. Among the
clay mineral constituents, 1llite is the most commonly
ooccurring, and this has been given as evidenoce to indicate
deposition under marine oonditions (Sander, 1959). Illite
predominates in the oclay fraction of most red sediments, but
such ubiquity can be accounted for by several factors,
including the one that under prolonged diagenesis of red
beds many clays; such as amorphnus and kanlinitio olays,
will be oonverted to 1illite. Clays, of course, may elther
be weathered detritus inherited from source areas, or result
from depositional and/or diagenetlc environments. The
commnnness of 1llite, in particular, in red beds 18 no speoi-
fic indicator of environments in source areas or depositional
sites (Van Houten, 1964). Finally, the gypsum facles of the
"Red Beds" do not require a marine onnnection as a source
for the calecium sulphate.

An interpretation of the depnsitional history within
a nonmarine paleogeographic setting is the simplest and most
logiocal approach. After a long perliod of Late Paleozoic and
Early Mesozolc erosion, a struotural downwarplng would have
provided favorable condltions for deposition of the dom-
inantly sandy, basal "Red Beds" faoles. These initial sedi-
ments, deposited on an eroded Palenzolo surface, might have
consisted of valley and channel fills and similar fluvial
dqposits.

At léhst seasonal pluvial oonditlions would have been

requlired during depositinon nf olastic facies to provide
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erosinnal runoff in the source areas and to produce streams
for the transportation of detritus to the depositional
sites. No extensive oconglomeratic sediments have been
observed which would signify steep stream gradlents and
torrential stream flow.

The combination of pnstulated intemeal drainage in the
Jurassic struoctural basin and the pluvial conditions would
lead ultimately to the formation of a laocustrine environ-
ment. Whether this exlsted as a large lake ocompletely
rfilling the central portion of the Michigan Basin, or as
several smaller, 1solated playa scattered over the plain
of nlluviation in the central basin area, cannot be deter-
mined. The localized development of gypsiferous facles
suggest the latter, but they may simply represent the shrunken
remeants of a former lake of greater extent and continulty.
Shaly and olayey facles would indioate oompgratively qulet
water deposition in the lacustrine environment. Other
sedimentary regimes concommitent with the lacustrine phase
might have included subaerial alluvial plains grading into
nearshore deposits suoch as beaches, bars, and deltailc
areas. Aeolian depnsgits might have accumulated on the
ad jacent plains.

It is reasonable to assume that the lake, or lakes,
whioh were originally fresh water, became increasingly
saline as streams supplied dissolved salts derived from
chemical weathering of adjacent Paleozolc evaporites.

With the advent of climatic oonditions where evaporation
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exceeded precipitation plus runoff, this fresh water
environment was superceded by one saturated with calclum
sulphate, and gypsum or anhydrite whioch later became
hydrated, was deposited. Red clastics and minor amounts of
greenish shales, were deposited in close assoociation with
. the evaporites, but apparently no carbonates preceded the
gypsum deposition. It is not known 1f the water was also
saturated with sodium chloride and other salts, and it 1is
likewlse unknown 1f the precipitation of gypsum was an
early phase of a sucoession of evaporlites leading to the
deposltion of hallte., The stratigraphic position of the
gypsum bodies indlcates that several evaporlte episodes
occurred, buﬁ any assooclated hallte faoles have been re-
moved by subsequent erosion or ground water solution.
Regardless of the derivation of the ferrliec oxides,
oxidlzing oonditions must have prevalled at the depositional
sites in order to preserve the hematite whioh imparts the
charaoteristio color. Such conditions would have been
aptly met in shrllow, well-oxygenated aqueous environments
lacking appreclable organic detritus, and in those parts of
the basin exposed continucusly or periodically to sub-
aerial oxidative weathering. Oxidatlion was the dominant
process throughout the duration of sedimentatlion, with
the exception of several brief periods when greenish and
Areenish-gray shales and siltstones were developed in at

least moderately reducing envirmnments. The relatively

finer-grained aspect of these greenish sediments indicates

deposition in deeper water farther offshore.
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The pollen genus Classopollils 1s wldespread in Jurasslc

and lower Cretaceous sediments, but 1ts mode of abundant
occurrence and its morphology indicates it was not par;
ticularly amenable to long distanoce transport by the
agencles of‘elther wind or water. Pocock and Jansonius
{1961), note that great abundances of this genus in marine
facles oocur in assemblages where phytoplankton are very
rare or absent altogether, and that strata dominated by
this genus frequently grade laterally into strata where
1ts abundance 1s diminished and in its stead marine assemb-
lages predominate. Thls inverse abundance relationship

1s well documented in the Late Jurassic Upper Vanguard
Formation of southwestern Saskatchewan, where shallow near
shore deposits flanking the then emergent Sweetgrass Arch

contain an abundanoce of Classopollis far in exocess of

equivalent strata deposited farther offshore (Pocook, 1962).
A simllar situation ocours in Upper Jurassioc and Lower
Cretaceous sediments of the Netherlands, where Burger

({1966) has related eyolleal abundance peaks of Classopollis

to near shore regressive phases.

According to Poocook and Jansonius (1961), extreme
abundances of this pollen are usually assoclated with sedl-
ments of the type deposited under shallow water conditions
in close proximity to shore lines. These abundances are
also commonly assoclated with evaporites. The combined
palynologlo and lithologlc assoclations have led tﬁese

and other authors to conelude that the parent plants of
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Classopollis favored dry or well drained ocoastal environ-
ments. The "Hed Beds"™ data are in acoord with this repeat- ]
edly observed pattem. o

Because of unestimable post-depositional erosion,
only oonjecture can be made regarding the final phases and
ultimate fate of the "Red Beds" sedimentary basin. If
sedimentation rates exceeded rates of strustural down-
warping, fluvial and subaquenus sedimentation would cease
as the basin became filled with sediments. Aqueous environ-
ments would have been supplanted by an aeolian regime on
a plain of alluviation, in the event of aridity during the
final phase. Cessatlion of sedimentation ocould also have
been effeoted by mlld structural uplift of the Michigan
Basin area.

Climatologlcally, the Jurassic Period was part of an
overall warming trend beginning in the Triassioc or earlier
and ocontinuing well into the Cretaceous, followed by a
gnnling trend toward the end of the Mesozole. Latitudinal
climatio, floral, and faunal zonatlons approximating
present latitudes oan be defined for the Jurassic, though
the zones were much broader with much less distinct
boundaries than those of today. In general these zones,
which are more clearly defined in the northem hemisphere,
were characterized by expanded troplse, subtropic, and
especlially temperate zones, and a much compressed boreal
zone at higher latitudes. The conoclusion to be drawn from

paleoclimatic and paleogeographlc data i1s that a high degree
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of temperateness (Balley, 1960, 1964) accented the Jurassic.
Faotors ocontributing to this temperate condition ineclude
the moderating effeoct of epeiric seas, and the lower re-
lief and altitude of the-oontinentas whioch would permit a
more eguable heat exchange.

Evidenoe for Jurassio floral zones and their elimatic
significance 1s discussed by Seward (1931), Arkell (1956),
Axelrod (1963, 1966), Vakhrameev (1964), and Smiley (1967).
The synthesis of Eurasian Mesozolo floras by Vakhrameev
(1964) 418 a partioularly noteworthy demonstration of floral
zones during the Jurassic and Cretaceous perlods. For the
Eurasian continent, Vakhrameev recognizes a southern
"Indo~European Paleofloristioc Province” and a northem
"Siberlan Paleofloristic Province". The boundary between
these two vegetation zones migrated northward steadily
throughout the.interval from Early Jurassic through Middle
Cretaceous, thus indioeating a corresponding élobal wvarming
trend for this period. Smiley (1967) has noted a similarity
between these Eurasian Mesozolc floral boundarlies and the
Tertiary isoflors of Chaney (1940), which in tum coinolde
with the present-day isotherms. If the northward deflec-
tions of the Jurassic floral boundaries (Fig. 8) near the
continental margin can be aocouﬁted for by the ameliorating
effects of warm ocurrents in the Atlantic and Pacifio basins,
as well as by the Prevalling Westerly winds, then it can
be assumed that the Jurassic floral zones did not depart

signiflicantly, if at all, from present lines of latitude.
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Jurassic maocrnfloras nf North America are not nearly
as numernus nr widespread as thonse nf Eurasia, and it
mAy never be pnssible tn treat them in the comprehensive
manner of Vakhrameev (1964). There 18 some palynological
indication of latitudinal floral and climatiec zonation.
For North America, princlpally in the Canadian Jurassic,
Pocnok (1964) records marked north to south inoreases in

the abundances nf Classopnllls, Znnalapnllenites, and

Cycadnpltes. Connversely, blsaccate conifer-type pnllen

increase in abundance towards higher northem latltudes,
Similar north-snouth abundance trends have been onbserved

in the Russian Jurassic (Kara-Murza, 1960). Climates

no more rigornus than onnl temperate, pnssibly accented

by eonifernus fnrests, apparently charaoterlzeq”the Arctic
reglon. Althousgh Jurassic floras are generally considered
cosmnpnlitan and uniform in nature, there is substantiasl
basis for implying latitudinally contrnlled floral and
climatic zones. By comparison to modermn vegetation, these
zones were nnt nearly as narrow or as well-defined.

Thls no doubt can be attributed tn the widespread temperate-
ness of Jurassic climates.

The position of the evaporite belt for the northem
hemisphere Jurassic, as mapped by Lotze (1957), infers a
latitudinally enntrolled arid to subarid homoclimate belt
with a distribution approximately between 25 and 50 degre;s
north latitude (Green, 1961). The Jurasslc evapnrites of
Michigan and Inwa aAre within this belt (Fig. 8). This
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belt 18 considerably north of the present znne of sipgnifi-
cant evaporite depositinn, which owes its presence primarily
te the subtropical high pressure belts confined approximately
between the latitudes 20 to 30 degrees north and south.

The Jurassic warm arid homnclimate belt can best be ex-
plained by a northward expansion of the subtropical hlgh
pressure belt.

The boundary between the warmer "Indo-Eurnpean Palen-
flnoristic Province" and the conler "Slberlan Palenfloristio
Provinoce" lies just tn the north of an, except for the
northward deflection of the floral boundary at the continen-
tal margin, roughly parallel to the northem margin of the
Jurassic evapnrite belt. If a similar relationshlp existed
in North America, then the Michigan Basin was not only
situated within the northem margin of an arid belt inhabited
by & warm-arid to semi-arid flora, but may glso have been
in clnse proximity to a floral transition zone a short
distanoce northward.

Among the physiocal criteria, the "Red Beds" gypsum
facles rank as the most rellable primary indicator of
climate, and confirm the placement of the Mlichigan Basin
within a Jurassioc warm, arid, evaporite belt. Assoclated
red clastics are the monst yoluminous and widespread of all
the clastlics comprising the "Red Beds", and may be a
manifestation of the prevalent climatic conditions existing
during their deponsitinn. Any interpretation of these red

clastics unavoldably leads tn the longstanding controversy
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\ | Evaporite Belt Paleofloristic Belt

Fligure 8, « Map showing distribution of Jurassic bslt of
evaporites for the northern hemisphere (af ter
Lotze, 1957), and transition belt in which
the boundary between the Siberian and the
Indo-European paleofloriatic provinces
migrated in the Juraseic in Eurasia (af ter
Vakhrameev, 196l4).
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and eonfusion cnonoceming the climatiec siagnlficance of red-
beds. No unified interpretation of redbed genesis can be
employed. They must be regarded as a lithofacies that
formed undér various gengraphlic, tectonlc, and climatic
cnmplexes.

Current trends of thought on the climatio conditions
in which redbeds form are aptly summarized by Van Houten
(1961, 1964, 1968,), McKee (1964), and Walker (1967). Two
nppnsing viewpnints ocan be cited, and the controversy
centers upon the origin of the hematitic pigment. Thesge
twn pnints of view have undergone an lnteresting cycle
nf popularity in recent decades. Prlor to the 1940's, the
common assnciation of redbeds and evaporlites led to a
hypnthesis that the hematlte formed during and/or after
depnsition by the alteration of iron-bearing minerals in
a hot, arid to semi-arid olimate. This schnol of thought
was later disavowed by those whn belleved tﬁe hematite to
be derived from laterites develonped in and transported
from warm, humid, upland areas. The hematite would thus
be allogenio, and the sediments would be red at the time
of deposition. A further condition would be the preserva-
tion of hematlite in oxidizing environs at depnsitional
loci. The influence of Krynine's (1935, 1949, 1950) studies
nn redbeds and thelr purported modem analngues sustalned
the acceptance of thils popular hypeothesls for over 20 years.

The former hypothesis, favoring in 8itu formation of

hematite in desert-like climates, 1s coming back into
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vogue. This revival is partly attributable to Walker
(1967), who was unable tn document the existence of Recent
red, fluvial sediments deriving thelr hematite pigment

from ernsion of laterites in warm, humid uplands of tropi-
cal Mexicon, as clalmed by Krynine. On the other hand,
walker (1967), has documented the generatinn of redbeds

in modem desert environments of the Sonoran desert of
northeastem Baja, California. There, Plincene, Pleistn-
cene, and Recent fluvial and fluvial-marine facles are belng
stained red by hematite through progressive intrastratal
alteration of i1iron bearing sillioates. Numerous evaporite
facies in this regilon conflrm continuous nr at least
perindic aridity from the Plioncene to Hecent. Walker

alsn ocltes evidence for A similar nrigin for Late Paleozonlo
redbeda in Colorado.

The Michigan Jurassic redbeds are nnt consistent wilth
laterization of humid uplands in tropical 6r subtropical
climates as a mechanism supplying hematlite tn the deposi-
tinnAal basin. Within the limited geographloc extent of the
Michigan Basin dralnage area, it 1s difflicult tn reconclle
the hligh rainfall requirements for laterization in postu-
lated Pre-Cambrian uplands tn the north and northwest ococur-
ring slmultaneously with evaporite deposition in the basin.
While these uplands of the Upper Penninsula and Wisceonsin
wnuld have been an ample soufce for 1ron bearing detritus,
any red plgmented detritus supplied from these sources

Probably would have been diluted and masked by non-red
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detritus, just as modem alluvium derived from laterlitic

uplands 1s (Van Houten, 1964; Wealker, 1967). Consldering
|
the close associatinn of evapnrite and fedbed'faoles in

the Michigan Jurassic, 1t i& more tenable to oonclude that

they formed under warm, arid oclimatlo cpnditions comparable
to those nperating to produce sgimilar facles described
by Walker (1967), in the Snnoran Desert%or northeastem

Baja, Califomila.

|
The inherent bias in all palynological samples restriocts

conclusions regarding any ecologlo and Llimatic history

\
chronicled within strata. A limiting faotor in assemblapes

as 0old as Jurassic 1s the inabllity ton relate spores and

pnllen to thelr parent plants at taxonorlc levels permit-

ting close ecologle and climatloc analog& with mndermn counter-

|
parts. Most of the "Red Beds" spores and pollen ocan be

|

related only at the famlly or generlio ﬁevel Many of them
are extremely rare and may represent ldng distance trans-
\

port. Therefore, nnly sweeping eoologﬂo and climatio

zeneralities based on bntanical evidence are posslible.
Pteridophyte spores in the assemblage are so rare

that they contribute little to ollmatiq interpretation.

Without exoception they can mmly be ldentified at the family

level, and most of these familles are Aot diagnostic of

any particular climate. Living Lycopo#iales are generally

Absent from arid regions, but are otherwise cosmopnlitan.

They are more abundant in the tropilecs ;nd subtropics than

\
in temperate and subarctlic regions. Members of the

-
By
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Selaginellales are presently oconfined mostly to the troplces
but are widespread throughnut temperate North America. The
Equisetales, questionable members of the "Red Beds" flora,
are onsmopnlitan except for New Zealand and Australia.
Extant species inhabit primarily aquatic sites, and the
majority of the specles live in tropical and subtropileal
climates, although some are widely distributed over
temperate realms. .

The Osmundaceae, possibly represented in the Michigan
Jurassic by two specles, are fems occupying subaquatlic
and'terrestrlal hablitats in troplc to temperate reglions.
Delicate fems belonging to the Hymenophyllaceae favor
shady environs in warm humid reglons. Species of this
family oococur throughout the troplcs and extend into warm
temperate zones. The exlistence of this family in the "Red
Beds" 1s not well dooumented. Another family of doubtful
presence 1s the Cyatheaceae, which inocludes tree ferms of
troploal, subtropiocal, and warm temperate regions where
they are often A consplcuous element of montane vegetation.

Living speciles of the Cyocadales are confined to tropi-
cal and subtroploal regions where they prefer drier, well-
dralned habltats usually in upland areas. Presumably the
extinct Bennettitales were adapted to similar environments.
The single living species of the Ginkgoales is a temperate
plant restricted, in historical times, to small lsolated
areas of Chlna.

Specles belonging to the Taxaceae and Cupressaceae

are mostly temperate; a few specles extend into the
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subtropies. Some specles of these two groups are xero-
phytic, while some specles of the Cupressaceae are of
aquatioc to subaquatic hablit. Members of.the Podocarpaceae
are largely southem hemlispherie in distribution. A few
species extend into the northermn hemisphere, but none are
native to North Amerioa. Representatives of this family
are common in temperate to subtroploal foresta. Pollen
similar to those of the lliving genera Podocarpus and
Dacrydium are present in the "Red Beds"“. Present-day
Araucariasceae are entirely endemioc to the southem
hemlisphere where they inhabit temperate to warm temperate
regions. It is generally perilous to presuppose the
envlronmental'requirements.of extinct plants, but in the

case of Cheirolepls, the gymmospermous plant that pro-

duced the pollen Classopollls, there 1s suffiolent evi-
dence from palynologlc and lithologlec assoclations to
enable reasonable speculation. According to Pooook and

Jansonius (1961), and Pocock (1962, 1964), Cheirolepls,

a presumed araucarian, favored dry or well-drained coastal
areas in at least seml-arid, warm, climatlioc conditions.
The Pinaceae are undoubtedly representgd in the "Red
Beds" by non-=podocarpold and non-pteridospermous bisacoate
pollen, resembling that produced by extant plnes, as well
as by monosaoccate pollen of tsugold aspect. The pines
commonly range throughout temperate to cool temperate
regions of the northem hemlsphere; they are also found

in subarctioc and subtropical extremes. Extant species
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of Tsuga are common to cooler temperate forests. They
also inhabit montane areas and, in North Amerloca, extend
into the southemm Appalachians.

Since most of the palynomorphs can be assigned only
at the familial, and rarely at the generlc, level, an
interpretation of ecologic and climatic conditions based
nn physlognomy rather than on floristioc analogy is un-
avoldable. Severﬁl reneralized life form categories can
be inferred for the Michigan Jurassic flora. A Xerlc assoocl-
ation is represented in part by the Cycadales, Plnaceae,
Podocarpaceae, Auaucariaceae, and Cupressaceae (juniper-
type pollen). More mesic concstituents include Lycopodiales,
Selaginellales, Osmundaceae, Cyatheaceae, Hymenophyllaceae (?),
Caytonliales, and Ginkgoales. An estuarine or marsh assemb-
lage 1s quest;onably represented by the Equisetales and
perhaps in part by the Cupressaceae. In tqrms of relatlve
abundance, pollen assigned to the xerlic assoclation con-
sistently comprise more than 90 percent of the assemblage.
Xerophytioc specles may account for as much as 70 percent
of the flora. -

The "Red Beds" assemblage 1s typilcal of Classopollls-

domingted assemblages in the sense descrlbed by Pocock and

——

Jansonius (1961)3 that is, in addition to the overwhelming

abundance of Classopollis, there 1s moderate but subordinate

amounts of inaperturate pollen (Spheripollenites, Exesl-

pollenites, Inaperturopollenites), and monosuloate pollen

(Czcadopites) of the type produced by oycads. Pterldophyte
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sporegs and saconte conifer pollen are almost invariably
rare and sometimes absent, ns are marine microplankton.
While the entire flora contains components indleative of
climates varying from suoch extremes as arid and subarid

to humid and dry subtropical or even troplical, xerophytes
are the dominants. Xeric dominance 1s especlially accented
when considering that many of the more mesophytlc to aquatic
forms are elther extremely rare or even of questionable
presence. Most of the rare and/or questionable forms are
pteridophytes, and thelr sparclty may be a matter of their
abundance being masked as a oonsequenoe of the greater
pollen produotion and more effeoctive dispersal of many

of the gymosperms. The rare forms may also indicate

long distanoce transport from outside the Michigan Basin
area.

The seemingly incongruous association qr troplcal to
temperate mesic elements in a domlnantly arid to subarid
climate can be explained by the presence of looalized or
micro-habitats on the Jurassio landsoape of the Michigan
Basin area. Broad lakeshore plains of very little rellef
undoubtedly extended for conslderable distances, especlally
on the eastem, southern, and westem perimeters of the
basin. A desert to seml-desert assoclation, possibly charac-

terlzed princlpally by Cheirolepls and minor cycads, might

have occupled well drained, droughty sites along these

plains. The dominance of Classopollls suggests extensive

~distribution of the parent and assoclated plants in close

proximity to the basin.
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Upland regions to the north and northwest were near
enough to have supplied some pollen to the gcentral basin
area. In the Upper Peninsula, the Poroupine Mountains
and the Arvon Hills rise almost 2,000 feet above sea level,
and the Huron Mountains exceed 1,600 feet in elevation.

A oonsiderable amount of elevation was probably lost from
these areas through Pleistocene glaocial erosion. By con-
trast, the maximum elevation of the top of the "Red Beds"
is just over 700 feet. The topographlc relief of these
uplands in the Jurassioc certailnly was sufficlent to have
effected altitudinal vegetational zonations. In modemm
desert reglons of the southwesterm United States, con-
siderably less than 1,000 feet of relief 1ls needed to
separate desert shrub and grasslands fron pizyon-Juniper
and other higher altitude life zones. Similarly, the
Jurassic uplaﬁds could have separated 1oca}1zed low to
middle altitude coniferous communities from a more extensive
desert assoclation on the plains adjacent to the "Red
Beds" basin.

In many modem arid regilons of the world, narrow,
protected stream valleys provide local habitats for sharply
contrasting ecologlcal arrays. This is well known in parts
of the arld Southwest and the Sonoran desert, where palms
and mixed mesophytic communities with cypress, syocamore,
ash, maple, and cottonwood ocour in narrow stream valleys
or in lowland areas where phreatloc water 1s avallable.

Such sites may be the refugia in whlich these Tertlary-like
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assemblages stlll perslist. These mesic riverine communi-
ties often lle in close Jjustapnsitinn to arid pigyon-
juniper uplands and even drier playas downstream. Lncal
riverine and/or phreatic assemblages wnould be expected
tn have oncourred in stream valleys draining into the Michl-
gan basin from upland snurces to the north and northwest,
Palymomorphs transported from these sltes cnuld acoount
for the minor mesic tn aAagquatioc eonstituents of the "Red
Beds" spore/pollen flora.

A synoptic view of the Michigan Jurassic landsocape

ennceivably would include a lowland desert Chelrnlepls-

assemblage inhablting a terrain of low relief extending

tn the east, south, and west nf the basin, a dominantly
conifernus life zone on dry tn mesic localized uplands to
the north and northwest, and restricted riverine communities
tn stream wvalleys cut intm the uplands. Tpough there is

A onnslderable degree of speculation in these interpreta-~
tions, the environmental, climatlc, and ecologlical infer-
ences drawn are reasonably ocompatible with bnth the botani-

cal and physical criteria currently avallable.



SUMMARY AND CONCLUSIONS

Although the "Red Beds" represent less than one per-
cent of the total sedimentary volume of the Michigan Basin,
they are the most recent of pre-~Plelstocene events known
from the area., They thus play a oritical role in aug-
menting our understanding of the geologic history of the
basin. KXnowledge of thls phase of basinal history has
remained obscure pending a geochronology more adequate than
that offered by a nondefinitive physlcal stratigraphle
position between late Paleozolc and Plelstocene. The pri-
mary obJleotlive of this study was to establlish the time-
stratigraphic relatlons of the "Red Beds",_as an ante-
cedent to geographic, environmental, climatio, and ecologlc
considerations.

Palynologlcal methods were used to attain some of the
outlined objeoctives. A thorough palynologlioc study of
113 samples from subsurface sources ylelded 64 spore and
pollen specles, in addition to several palynomorphs re-
cycled from Paleozolo strata. When several singly ooccurring
and unidentified spores of uncertain origin are deleted
from floristlic consideration, a flora comprised of 77
percent gymnospermous and 23 percent pteridophytic speoles,

is indicated. No anglosperm pollen was reocorded.
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Possible pteridophytic representatlves-of the flora
include the Equilsetaceae, Lycopodiaceae, Seiaglnellaceae,
Osmundaceae, Hymenophyllaceae, and Cyatheaceae. Most nof
these famillies are not well documented by the spore assemb-
lage. One pteridospermnus pollen specles belonging to the
gnytoniales is present. Gymnosperm pollen oan be assigned
to the Cyoadales and/nr Bennettitales, Ginkgnales, Taxaceae
and/or Cupressaceae, Podoomrpacene, Araucariaceae, Plnaceae,
and provisinnally the Chlamydospermae.

The notable absence of indigenous spores and prnllen
characteristic of Late Paleoznic and Early Mesozolc strata,
together with the equally nntable absence of anglosperm
pnllen and a number of characteristic Early Cretaceonus
spores, precludes All except A mid-Mesnznic age for the
"Red Beds." A comparison of the "RHed Beds" assemblage
with establlshed time ranges of dlagnostic speclies from
Canada, Westem Eurnpe, and Australla 1ndi$ates a Jurassic
age between earliest Bathonlan and latest Oxfordian. Many
nf the "Red Beds" spesies are long-ranging throughout the
Jurassic and early Cretaceonous, and the above age assess-
ment relles in part upon negative evidence, that is, absence
of certaln speciles. Such evidence was utilized particularly
In estAablishing aAan upper age limit.

Problems of intercontinental palynological correla-
tions stress the need for a North Amerlcan standard of
reference. Until palynologic data, especlally for the

Westem and Gulf Coastal provinces of the Unlted States
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are orthcoming, the "Red Beds" can be regarded with some‘
degree of confidence as being nf lower to middle Late
Jurassio in age. A similar nge can be assigned to the Fort
Dndge Formation, A loocal gypsum and redbeds deposit in
north central Iowa.

No clear genetloc relationshlp exists between the "Red
Beds" and the distribution of North American Jurassio
strata, but the very presence of deposits of this age in
Michigan warrants consideration of possible marine trans-
rression into the area. The ponstulate of an epeiric connec~
tion wlith elther the Gulf Coastal Province through the
Mlssisslppl embayment, nr the Atlantic Coastal and Mari-
time Provinoes by way of an ancestral St. Lawrence valley,
or the Canadian Arctic by way of the Hudson's Bay~James
Bay reglion, 1s largely speoulative and without support.

A narrow and brief eastward transgresslon of Westem

Interior Jurassio seas 1s rendered somewhat more tenable
by the shorter distance involved, and especially by the
presence of the Fort Dodge Formation of Iowa. Looalized
rypsum faclies in the Devonlian and Misslissipplan of Inowa

are mostly 1f not entirely in the subsurface, and are a

doubtful source for the calecium sulphate. The considerable
volume of gypsum in the Fort Dndge may have required a
marine source. Concelvably the Inowa and Michligan deposits
are mere structurally preserved remnants of an eastward

extension nf Jurassic Westermn Interior seas.
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Marine bilota are lacking from bnth of these deposits,
but none would necessarily acoeompAny a brlef, narrow,
hypersaline transgression. Chemloal weathering of exposed
Palenzolc evaporites in the Michigan Basin could account
for the "Hed Beds" gypsum without invoking a marine sonurce.
Sedimentary distribution pattems, especlally'for the
evapnrite facles and perhaps some perlipheral coarser clas-
tics, appear to bear some relation to, and to some extent
were controlled by, the structural configuration of the
Michligan Basin. Since the binta, sediment source, and
lithofacles distributions are genetically explicable with-
nut reference to nutside Jurassic events, a gentle mid-
Jurassic reactivation of the Michigan Basin, resulting in
a structural, intracratonlc sedimentary basin, is the most
plausible paleogeographic postulate that can be advanced.
The downwarplﬁg essentinlly conformed tn the oft repeated
structural patterm established in the Paleozolc.

Commenoing with the establishment of a structural
basin, a basal sandy facles was deposited upon a Paleonzolc
surface comprised mostly of Pennsylvanian sediments.
Postulated interior drainage and pluvial conditions re-
sulted in a fresh water lake which later became saturated
with caloium sulfate and perhaps other salts derived from
chemical weathering of exposed Palenznlc evaporltes.
Gyvpsum was deposited Aas loncallized facles in temporally
and spatially shifting saline playa within the central
Michigan Basin when total evaporation exceeded preciplta-

tion plus runoff. Interbedded gypsum and redbed facles
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indicate several evaporite eplsodes. The wldespread
distribution of red clastics indicates dominantly oxidizing
conditions durlng the "Red Beds" depositional period.
Mildly reducing environments were present during the
deposition of thin, 1ooailzed, green shales.

Strusctural downwarping dld not greatly exceed sediment
accumulation rates, as both lithologlc and palynologic data
sugrests déposltlon in shallow, near shore environments.
Any record of downwarping and sedimentation oontiﬁulng into
lntest Jurassiec or even Cretaceous has been ernded away.
Cessatlion of deposition could have been caused by struc-~
tural uplift of the basin, or by discontinued subsidence
accompanied by sedimentary filling of the basin.

A postulate of a warm arld to subarid olimate is
supported by the geongraphic poslition of the Michligan Basin
within a global Jurassic evaporite belt, by the olose
agsnclation of gypsum and redbed facles, by the Classopeollis-
dominated spore/pollen flora, and by the inferred xero-
phytlec aspect of the dominantly gymnospermous flora. A

lowland desert flora, probably dominated by Cheirolepis,

inhablted dry or well-drained sites on lakeshore plains
extending for considerable dlstances to the east, south,
and west of the "Red Beds" basin. Uplands tn the north

and northwest would have had sufflcient rellef to separate
this desert assnolation from restricted low to mid-altitude

coniferous communities. The relatively less common mesio,
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troplocal to subtropical forms might represent a riverine
assoclation occurring along stream valleys penetrating

the uplands.

The uniqueness of a Jurassic flora in the Michigan
Basin should, by dint of its isolated and somewhat central
geographlioc poéition, serve as a focal point for future
floristic, phytogeographlic, and climatic comparisons of
Jurassic deponsits of the Westerm Interior and Gulf Coast
Provinces wlth thnse of the Atlantlec Coastal province,
the Canadian Arctic, and Greenland. The significance
of the "Red Beds" flora will undoubtedly be realized when
ennugh North Amerlcnn Jurasslc palynological data become

avallable for such syntheses.



SYSTEMATIC DESCRIPTIONS
INTRODUCTION

In this study, 64 spore and pnllen species are
described from the "Red Beds", and they are photograph-
ically 1llustrated on Plates 1 - 22. All identifiable
palynomorphs are referred to form generic epithets, and
the princilples of priority and typification, as govemed
by the Intermsational Conde of Botaniocal Nomenclature, are
adhered to. Each specles 1s formally describved morpho-
lozxically, As an ald to anyone referring tn the "Red
Jeds”" palynologlcal nssemblage in the future.

Of the 24 pteridnphyte spore specles recorded, most
are kKnown only from single specimens, Aand it has been
pnssible tno Agsign but A few tn existing mzenera. Since
in most cases the number of specimens was totally inade-
quate as a basls for the clrocumscription of new taxa, 1t
was necessary to encnmpass these unidentified forms in
provisional and artificlal taxonnomioc designates., To a
lesser degree, thls practice was also applied to some of
the rare and/or unidentified gymnnsperm pollen.

RecAause of the provisimnal and uncertailn assismment
of many of the "Red Beds" palynomorphs at the generic
level, 1t was not particularly convenlient to emplony a

morphographioc classification system, such as that of

85



86

Potonidk. While a natural classification is desirable,

the bntanical affinitlies of many sporae dlspersae are

not well enough established tn permit the use of such a
system, except at high taxonomic levels. Morphologioally,
pteridophyte spores and gymnosperm pollen are sufficlently
distinguishable to enable a broad and simple grouping.

The species desoribed here are arranged approximately in
order of increasing morpholnglic ocomplexity within these
two higher taxonomic ranks.

GLOSSARY OF DESCRIPTIVE TERMS

The following list of morphnloglcal terms employed
in the systematlic desoriptions have been adopted, with
little or no modifiocation, primarily from the previous
definitions given by Exrdtman {(1952), Harris (1955), and
Potonie % Kremp (1955). A much more comprehensive treat-
ment of the history and various interpretations, definl-
tions, and i1llustrations of palynologic terms can be found
in the glossary of Kremp (1965).
Alete: Spores or pollen lacking tetrad marks or apertures.
Amb: Shape of the equatnrial outline of a spore or pollen
when viewed with the polar axis direoted toward the
nbserver.
Aperture: An opening, or weakly developed onpening, of the
exine surface, usually functioning in the germinal

exit of intraexinous cellular ocontents.

Apliculae: Small conilcal processes of the surface of the
exine.

Auriculae: Thickened or vesiculate extensions of the
exine {(or sexine), usually equatorially disposed at
the radlial region of trilete spores and the longi-
tudinal extremities of bilaterally symmetrical spores
or pollen.
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Baculate: Exine omamentation oomprised of strailght-sided,
flat-topped, rod-shaped projections (Baculae) without
expanded or modified tips and whnse length 1s greater
than their dlameter.

Canaliculate: Exine nomamented with parallel or concen-
tric narrow grooves. The intervenling areas are narrow
and flat. Canalioculae may be extra- or infra-sexinous.

Cappa: On the central body of saoccate pollen, the prox-
imally situated sexinal ocap. It i1s delineated lat-
erally by the proximal sacocus bases,

Capula: On sacocate pollen, the distal area of the central
body between the distal saccus bases asnd including
the germinal aperture.

Zentral bondyt The Ainner spheriosl tn sub-spherical pnr-
tion of A spnre or pollen ocomprised nf nexine eilther
entirely or partially surrounded by lonsely appressed
sexine,

Clavate: Exine omamented with rod-shaped projections
with expanded tips; length greater than basal dlameter.

Commissure: The line of weakness or dehisoence on mono-
lete or trilete rays of spores. It refers only to
the trace of the slit on the sexine and excludes
livns, margn, or contact areas.

Distal: That pnrtinmn of a spore or pollen surface whilch
is directed outwards from the center of its tetrad.
Apertures and conlpi of gymnospermous pollen are
commonly distal.

Lxine: The main, outer, usually resistant layer of a
spornderm. Simple exine stratification, if present,
consists of an inner nexine and an outer sexine.

Fovenlate: Exine omamentation comprised of pilts up to
2.0 miocra in diameter or, if larger, are too widely
separated to form a retioculum,

Gemmate: Exine omamented with subspherical, usually
relatively larze, projlections (gemmae) with con-
stricted bases.

Granulate: Small exinal sculptural projections from 1.0
tn 2.0 microns in diameter. Individual granulae
with ocilrocular bases, either ilsndiametric or with
helght slightly less than basal diameter.

Inaperturate: A spore or pnllen devoid of apparent exinous
apertures, '



88

Interradial: The region of a trilete spore between adja-
oent commissures and the amb. Synonym: Iinterapical.

Laesurae: Trilete or monolete tetrad marks nf spores,
inocluding commissures, lips, margn, eto. when present.

Lvptoma: An exinal thinning, with or without oclearly
delineated margins, which may serve as a germinal
aperture on the distal face of pollen grains. A
leptoma may be porate to sulocate in shape.

Lips: Thickened and frequently ralised exinal margins
flanking trilete or monolete commissures. Synonyms
labra.

Marginal ocrest: Thiockened exine at the equatorial region
of the cappa on the central body of sacoate pollen.

Margn: An area marginal to commissures or apertures dis-
tinguished by differential exinal thickening, or by
the absence or reduction of surface sculpture in
that area, The margo may or may not correspond to
the contact area.

Nexine: The inner, usually unsculptured layer of strati-
fied exines. Swyonyms: intexine; endexine.

Perine: An outermost, usually loosely enveloping, extra-
exinous spnroderm layer. Synonyms: perium; perispore,

Polar axis: A perpendiocular line connecting the proximal
and distal poles of a spore nor pnllen.

Pores A distal circular to sub-circular germinal aperture
usually having a distinct margin. Suoh an aperture
with a poorly defined margin, or an aperturoid struoc-
ture ocomprised of thinned exine, wnuld be termed a
leptomate pore or leptoma.

Proximal: That portion of a spore or pollen surface which
i3 inwardly directed in its tetrad. Trllete and
monolete tetrad marks are proximal,

Psilate: Exine surface smonth and essentlally devoild of
sculptural elements. Synonym: Laevigate.

Radial: The region in the immediate vicinity of the proxi-
mal commissures of trilete spores and the corresponding
distal region. Synonymt:t aplocal

Reticulum: Extra- or infra-sexinal soulpture patterm con-
sisting of a network of well-defined elevated ridges
(muri) which surround regular or irregular depressions
(lumina).
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Rugulatet Surfaoe omamentation of exine oconsisgting of
elongate, narrow, wrinkled and irregularly distributed,
ralsed sculptural elements (rugulae). Rugulae are
irregular in basal outline, often wlth oconverging
or diverging sides, and with flat or rounded orests.

Sacoust A sac-like strucsture, with varying degrees of
inflation, ocomprised of separated or loosely appressed
sexine which either partially or completely envelops
the nexinal central body at the equatorial region of
rrincipally gymnospermous or pteridospermous pnllen.

Saccus basesgs: The area or areas of attachment of sacous
sexine to the sexine whioch surrounds and is usually
tightly appressed to the nexine of the ocentral body.
Bisacoate pollen grains may possess a palr of proximal
saccus bases flanking the ocappa, and a pair of distal
sacocus baseg flanking the distal surface of the
central body.

Scabrate: Surface of exine sculptured with minute pits
or granulae less than 1.0 micron in dlameter,

Sexinet The outer, frequently sculvtured layer of strati-
fied exines. Synonyms: Exoexine; ektexine.

Spinnse: [Exine omamentation comprised of narrow, tapering
projections, with pointed aploes, whose helght 1is
greater than twice their basal diameter. Synonym:
eohinate,

Striate: Surface omamented with elongate; parallel to
subparallel, stralght or slightly sinuous, lines
or grooves that are separated by ralsed sexinal ribs
or bands.

Sulcus: On the distal face of pnllen grains, an elongate
aperture, wlth distinct margins, having a length
conslderably greater than wlidth. The term sulcold
leptoma is applied when the aperture marginsg are
poorly delineated.

Tenuitas: (plur. tenuitates) Exinal thinning probably
not functioning as a germinal aperture. Tenultates
may be present elther proximally or distally, and
may appear as elongate or ring-ldke furrows.

Verrucate: Exine sculpture comprised of large, more or
less irregular, broadly rounded to flat-topped pro-
tuberances having a height slightly less than width.
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Figure 9, « Morphology of some selected gyrmosperm pollene.




DESCRIPTIONS OF PTERIDOPHYTE SPORES

Genus CALAMOSPORA Schopf

1944 Calamospora hartunglana Sochopf; pp. 51 - 52.

DIAGNOSIS:

Trilete miorospores; amb circular; laesurae short,
simple slits; granulose contaoct areas éometlmes developed;
exine single-layered, very thin, psiiate, and character-
istloally folded.

Calamospora sSp. "A"

Plate 13 Figs. 16, 17
DESCRIPTION 3

Trilete miocrospores; amb olrcular, probably nriginally
spherionl. Laesurae 8.0 = 16 miora in length, simple;
commissures narrow slits with slicghtly thickened marsins.
Contact area slightly thickened, darkened, and falntly
granulate. Exine hyaline, sinsle-layered, about 1.0 micron
thick, showing little tendenoy tn fold; nrmmamented by
scattered, fine, sranules.

Dimension: diameter 48 miecra

DISCUSSION

This spore 1s very similar to Calamospnra mesnznica

Couper, a characteristic spore of the British Lower and

Middle Jurassioc. The single specimen desocribed here has
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a slizhtly thicker exine, and thus shows less susoceptli-
bllity tn the characteristic folding of most specles of
Calamogpora. In the Paleozolo, Calamnspora has been related
to the Calamarians, and may have been produced by those
Mesoznic equlisetaleans morpholonglically comparable to the
Palenzole Calamarians.

Genus CINGULATISPORITES Thomson
1953 Cingulatisporites Thomson {(in Thomson & Pflug; p. 58)
DIAGNOSIS:

Trilete miornspores; amd rounded triangulari exine
single=layered, smonoth to variously omamented; narrow
cingulum equatorially disposed; laesurae simple, extending
towards but not onto the singulum.

Cingulatl sporites distaverrucosus Brenner
Plate 3; fims. 3, k, B, 9, 10, 15, 16

1963 Cingulatisporites dilstaverrucosus Brenner; p. 58,
plo 13| figs. 6' 73 pl. 14‘. fig. 1.
DESCRIPTION

Trilete miocrosprnres; amb oconvexly triangular to sub-
triangular. Exine two-layered. Laesurae extending to
Aaploal extremities of oconvexly triangular nexinal layers
commissures flanked by dark, ralsed 1lips 1.0 - 2.0 miora
wide. Ralsed lips slightly sinunus, onmprised of thilockened
sexine (?). Nexine about 0.5 micron thiock, psilate; surface
of proximal sexine thin, psilate to scrabrate; thick distal
sexine bearing densely spaced, irregularly shaped verruocae

having a maximum dlameter ranging from 2 - 5 mlora.
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Verrucae sometimes conlesce, and, at least in optical
sectinn at the equator, they sometimes appear to have
basal oonstriotimms. Verrucate sexine thiockens equatori-
ally to form a oingulum 2 - 4 micra wide. Cingulum ocom-
prised for the most part of distinct verrucae whlch are
not completely coalesced, resulting in a highly dissected
cingulum. '

Dimensions: Diameter 132 (34) 37 micra (3 specimens)
DISCUSSION1

The forms described here are similar in every respeot
tn thnse described by Brenner (1963) from the Lower Creta-
cenus of Maryland, where 1;-oocurs rarely throughbut the
Potomao Group. It 1s extremely rare in the Michigan
"Red Beds", being recorded from only three samples.

Botanloal affinity unknown.

Gehus CONVERRUCOSISPORITES Pot. & Kremp

1933 Verrucosi-sporites triguetrus Ibrahim; p. 26, pl. 7,

fig. 61, type speciles.

1955 OConverrucosisporites triquetrus (Ibr.) Pot. & Kremp;

p. 65, pl. 13, fig. 191.
DIAGNOSIS:

Trilete micrnspores; triangular to subtriangular in
equatortial outline. One- or two-layered exine densely
nmamented with warts or verrucae of lrregular size and

shape,
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Converrucosisporites sp. "A"

Plate 3: figs. 5, 6, 7
DESCRIPTIONt

Trilete microspores; amb convexly subtriangular,
aploes broadly rmunded. Exine two-layered. Laesurae 10 -
12 mliora long, extend tn aplcal extremities onf subtriangular
nexinal layer. Commlissures flanked gy slightly sinuous
raised lips whioh are 1.0 - 2.0 miora wide. Proximal
surface of sexine pslilate to soabrate; thickened sexine
of distal surface marked by large (2 - 7 mioera), eircular
or irregsularly shaped verrucae. Verrucae oclosely packed,
sometimes ocnalescing. Verrucate sexine up tno 5.0 miera
thick at equator. Nexine thin, of indeterminate thickness.
Dimensions: Diameter 32 miora

DISCUSSIONt

Only one‘speoimen of this morpholomically distinct
spore has been reocovered from the "Red Beds.".
Botanical affinlty umknown.
Genus CYATHIDITES Couper

1935 Deltoidospora Miner; p. 618

1937 Lelotriletes Naumova (in part)
1953 Cyathidites australis Couper; p. 27, pl. 2, fig. 11

(type speocies)
1955 Leilotriletes (Naum) Pot. & Kremp; p. 36 (assignment

of type specles)
1956 Deltoldospora (Miner) Potonib; p. 13, pl. 1, fig. 1.

(Assignment of type species "D". hallli Miner)
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DIAGNOSISs

Trilete microspores; amb triangular to subtriangulars
sides stralght to concave; apical asngles rounded to bluntly
pointed. Commissures simple, stralght slits, wlthout raised
lips, extending over half of spore radius but not reaoching
apioal extremities. Exine single layered; psilate to
infrapunctate.

DISCUSSIONs

The valid publiocatinn of the morphographioc genus
Cyathidites by Couper (1953), predated the wvalidation of

Naumova's (1937) genus Leilotriletes by Potonie and Kremp

in 1955, Although Lelntriletes is presently a widely

used generic name well ensconoced in literature, espeoclally
that pertaining to Paleozolc spores, it is thus techniocally
2 Junlor synonym of Cyathidites.

The extant ferm genus Cyathea produces morphologioally
simple spores similar to those of Cyathidites.

Cyathidites sp. “"A"

Plate 1, fig. 1
DESCRIPTION

Trilete mlorospores; amb triangular to subtrlangular,
aploces rounded, sides concave. Laesurae extend almost
to aploal extremities, simple, comissures straight, with-
out flanking railsed lips, but margins may be slightly
thiokened. Exine one-layered, thin (1.0 mioron), uniformly
thick, psilate to falntly scabrate.

Dimensiong: diameter 30 miocra (one specimen)
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DISCUSSION s
While morphologically simple spores similar to the
nne desoribed here are one of the most ublquitous spores
of the Mesozolc, it is represented in the "Red Beds" by
only a single poorly preserved specimen.
DENSOISPORITES (Weyland & Krieger) Dettmann

1953 Densolsporites Weyland & Krieger, p. 1l2.

1963 Densolisporites (Weyland & Krieger) Dettmann, p. 83,
84,

DIAGNOSIS:

Trilete miornspores; amb triangular to subtriangular
nr subelroular; exine two-layered, oavate, sexine equa=-
torially and distally separated from nexine. Sexine may
be equatorially thickened; nexine thin, smooth, and with
interradial proximal papillae.

DISCUSSION

A lycopodiaceous, possibly selaginellid affinity has

been suggested for Densolsporites, as well as some similar

spores belonging to the genera Endosporites Wilson & Coe
and Lundbladispora Balme, (see Dettmann (1963 | for detailed
discussion).,

Densoisporites sp. "A"

Plate 2; figs. 17, 18
DESCRIPTION

Trilete micrnspores; amb oircular, polar outline
probably biconvex. Laesurae stralght, extend to inner

marzin of cingulum: oommissures flanked by very narrow
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(2.0 mlora wide), low, weakly developed raised lips.
Exine two-layeredi sexine equatorially thiockened to form
a hyaline cingulum, 3.0 micra wide, sexine lonsely appressed
tn nexine, bearing a microrugulate to microverrucate oma-
mentation on the s¢ingulum and extending poleward for about
10 miera from the inner margin of cingulum., Sexine at
proximal polar region with irregular granulate sculpture
which may be the result of cormmsion. Nexine thin (about
0.5 mioron), psilate to finely scabrate.
Dimensions diametef 53 mlora (one specimen)

DISCUSSION3

According tn the emendation by Dettmann (1963), speciles

belonging to the genus Densolsporites are characterized

by interapioal papillae situated on the nexine at the
proximal polar area. The interapical paplllae are not
apparent on the type specles, Densoisporites velatus,
illustrated by Weyland & Krieger (1953), of on Densol-
sporites perinatus lllustrated by Couper (1958) and by

Brenner (1963). These paplllae may thus not be a constant
structural feature of the genus. They are not present

on the single specimen observed in this study, which other-
wise conforms to the circumscription of the genus,.

Genus LUNDBLADISPORA Balme

1963 Lundbladispora willmotti Balmes p. 21, 22, pl. 5,

figs. 1 - 3. (type species)
DIAGNQSIS:

Trilete microspores; clrcular to subciroular to sub-

triangular in equatorial outline. Exine cavate with
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omanented sexine enclosing a thin-walled nexine. Sexine
thinner on the proximal than on the distal side, thickened
equatorialliy. Surface of sexine scabrate; distal surface
mAy or may not bear small cones, splnes, or grana. Proximal
surface of sexine smonth or wilith considerably reduced
omamentation. Nexine smooth, with three interradial
paplllae at proximal polar area. Nexinal body often not
centrally disposed.

DISCUSSION1

Spores of the genus Lundbladlspora possess several

morphologlioal attributes frequently ocourring in both
the mioro-asnd mega-spores of modem and fossll lycoplaceous,
especially selaginellild, plants (Balme, 1963). The genus

may be at least in part synonymous with Aculeisporites

Artuz 1957.

Lundbladispora willmottl Balme

Plate 3; flg. 19
1963 Lundbladispora willmottl Balme; p. 22, pl. 5, figs.
1 -3
DESCRIPTION1

Trilete miorospores; amb ciroular to slightly sub-
triangular. Laesurae indistinot, espeoclally at proximal
polar area where exine appears to be rupturedi laesurae
extend over three-~-fourths of spnre radius, blfurcate
irregularly at thelr aplecal extremities, and may be flanked
by very narrow, s8lightly sinuous lips. Exine pavate;

nexine thin, psilate, and forms an eccentrically disposed
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central body approximately 35 miora in diameter. Inter-
radial paplllae on proximal polar area of nexine, if pres-
ent, not readily visible. Sexine relatlively thin and
psilate to scabrate on proximal surface; dlstal sexine
thick, about 2 to 3 miora, nmamented with pdinted to
rounded spines; spines up to 3 miocra in length, usually
about 2 miora in basal diameter, spaced 3 to 8 miora apart,
and project beyond the equatorial periphery. An equatorial
band of sexinal thickening appears fo be present.
Dimensionss Total dlameter 59 micra

DISCUSSION

The single specimen observed 18 in a somewhat less
than optimum state of preservation, but, other than being
slightly smaller than the indlcated minimum size range,
conforms reasonably well with the desoription and illus-

trations of Lundbladispora willmottli Balme. The species

has previously been recorded only from Lower Trlassic
sediments of Westem Australla.

Genus LYCOPODIUMSPORITES Thlergart
1934 Sporites agathoeocus Pot.; p. 43, pl. 1, fig. 25,

type specles.
1938 Lyocopodiumsporites agathoecus (Pot.) Thierg.; p. 293,
pl. 22, figs. 9 - 10.
DIAGNOSIS:

Trilete miorospores with triangular to subtriangular

amb., Laesurae usually extend to aploal extremities. Exlne
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two-layered. Proximal surface psilate tn granulate; distal
surface bearing regular to irregular reticulum.
- Lycopodiumsporites sp. "A"
Plate 23 figs. 12, 13
DESCRIPTION:

Trilete miorospnres; amb triangular, aplees rounded,
sides convex; Exine two~layered. Laesurae extend to apioes
of subtriangular nexinal body. Commissures flanked by
narrow ralsed 1lips up to 2.0 micra in width. Nexine thin
(0.5 mioron), closely appressed to sexine, which is 1.0 -
1.5 micra thick. Distal surface characterlized by irregu-
lar, open-mesh reticulum comprised of ceonvolute, sinunus,
membraneous muri up to 4.0 miora high and 1.0 - 1.5 miora
wide, which rarely enclose lumina. Proximal surface
psilate.

Dimensionss diameter 132 micra (one specimen)

DISCUSSION:

One specimen of this spore, having possible affinity
with the Lyeanpodiaceae, was nbserved in the Michigan "Red-
Beds".

Genus TODISPORITES Couper

1958 Twndisporites major Couper; ppr. 134135, pl. 16,

Figs. 6-8.
DIAGNOSIS:

Trilete miormsapores. Amdb clroular. Laesurae simple
slits without raised lips, relatively long, usually extend-
ing more than half of spnre radius. Exine single-layered,

more or less psilate.
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DISCUSSION?

Todlsporites 13 very similar to and pnssibly synony-

mous with the genus Punctatisporites (Ibr.) Pot. & Kremp
(1954).

Todlisporites sp. "A"
Plate 13 fig. 8

DESCRIPTION ¢

Trilete miorospores; amb clroular to subcirculars;
probably originally spheriocal. Laesurae simple, extend
almost entire spore radius, commissures without thickened
raised lips. Exine two-layered (?), 1.5 - 2.0 micra thick,
uniform in thiockness, pslilate.

Dimensions: diameter 136 micra

DISCUSSION

This morphologlioally simple spore is known from a
single oocourrence in the Michigan "Red Beds". Spores of

this type may have been produced by fosslil members of the

Osmundaceae.
| Todlgporites sp. "B"
Plate 13 figs. 12, 13
DESCRIPTIONs

Trilete miorospores; amdb olircular, spore probably
nTiginally spherioal. Laesurae comprised of simple
commissures without flanking lips, 13 miora long. Exine
single-layered, uniformly thick (2.0 miora), socabrate.

Dimensions: diameter 39 micra



102
DISCUSSION:
Only one specimen of this possible osmundaceous spore
was obgserved in the Michigan "Hed Beds".
Genus UNDULATISPORITES Pflug

1953 Undulatlsporites microcutis Pflugs; p. 52, pl. 1,
fig. 18.

DIAGNOSISs

Trilete miorospores. Amb triangulér to subtriangular,
sides stralght to convex, aplces rounded, Laesurae extend
almnst to equaterial margin, frequently bifurcating near
thelr tips. Exine two-layered, psllate tn granulate.

Undulatisporites sp. "A"

Plate 2, fig. 16
DESCRIPTION:

Trilete miorospores; amb triangular, sides convex,
apices sliqhtiy rounded. Commlssures indistinot, flanked
by parallel-sided ralsed lips extending 0.5 to 0.75 mioron
on each side of oommissures. Ralsed lips strongly undulate,
especially for about one-half the radius from the proximal
pole. Raised lips extend almost to aploal extremities and
bifurcate irregularly 2.0 to 3.0 miora from aplces. Exine
stratification indeterminate; exine about 1.0 mioron thilck.
Surface psilate to faintly scabrate, with small granules
scattered infrequently.

Dimensions: Total diameter 28 miora

DISCJUSSION:

Only one specimen was observed. This spore, of un-

known botanical affinity, is very similar, 1f not identloeal,

to
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Undulatisporites undulapolus Brenner 1963, which ocours
infrequently in the Lower Cretaceous Potomac Group of
Maryland.

Genus VERRUCOSISPORITES (Ibrahim) Pot. & Kremp
1932 Sporonites verrucosus in Pot., Ibr. & Klaus; p. 448,

pl. 15, fig. 17, type species.
1933 Verrucosi-sporites verrucosus Ibr.3 p. 25, pl. 2,

fig. 17.

1954 Verruooaiséorltes verrucosus (Ibr.) Pot. & Kremp;
p. 69, pl. 13, figs. 196-199.
DIAGNOSIS:

Trilete miorospores; ciroular to suboiroular in equa=-
torial outline. Exine one- or two-layered, densely orma-
mented with warts or verruocae of irregular size and shape.

Verruocosisporites sp. "A"
Plate 33 figs. 1, 2
DESCRIPTION

Trilete miorospores; amb circulayr to subolroulari
distal face more convex than proximal. Exine two-layered.
Laesurae stralght, extend to margin of nexinous central
body; commissures flanked by narrow (l.5 miora), raised
1ips which become slightly wlder at radial extremities.
Nexine thin, about 0.5 microns Sexine differentially
thickened, up to 5.0 micra on distal surface, considerably
thinner on proximal surface. Proximal surface scabrate

to finely granulate; distal surface with large, olosely
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crowded, ciroular to slightly elongate, verrucae ranging
in size from 3.0 to 9.0 micra in diameter.
Dimensionss dilameter 37 miora

DISCUSSIONs

One speoclmen of this spore was observed in the Michigan

"Red Beds".

Trilete Spore "A"

Plate 2; figg. 1 - 9
DESCRIPTIONs

Trilete mlcrnspnres; amb triangular to subtriangular,
aplces rounded and sometimes folded, sides stralght to
slightly concave or convex. Polar outline probably blconvex.
Laesurae variable in length, extending from three-fourths
the radius of spore tno the apical extremities; ocommissures
stralght to slightly sinuous, flanked by narrow, ralsed
lips ranging from 1.0 to 3.0 miora wide; ralsed llps
darkened, oomprised of thilckened exine, and sometimes
exhiblt a s3light sinuosity. A hint of kyrtome development
has been nbserved at the aplilcal extremities of the laesurae
of some specimens. Exine apparently single-layered, about
1.0 to 2.0 miora thiok, essentially sculptureless, exoept
on proximal face, which 1s consplocuously punctate.
Dimensions: diameter 22 (26) 30 miocrs
DISCUSSION:

Forms assigned to this specles vary.in size, shape,
and morphology of their ralsed lips, and the apical folding

sometimes obsoures the nature of the aplcal extremities
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of the spores and their laesurae, and distorts the shape.
All proximally punctate spores encompassed within the
above desoriptiom are inocluded in this temporary speciflc
desisnate. The preoclse botaniocal affinity of these spores
18 unknown.
Trilete spore "B"
Plate 33 figs; 17, 18
DEESCRIPTION ¢

Trilete microspores; amb triangular to subtriangular,
aplces rounded, sides oonvex. Laesurae sinuous, extend
almost to inner margin of cingulum; ocommissures flanked
by narrow (1.0 - 1.5 miocra), raised lips. Exine two-layered;
sexine differentially thlokened, forming a thickened equa-
torial belt 3.0 -~ 3.5 micra wide ocompletely enciroling
spore. Distal face marked by a olroumpolar, subtriangular,
sexinal elevétlon 22 mioera in dlameter which i1s separated
from the equatorially thiokened belt by a zone of consider-
ably thinned sexine. Sexine of distal surface ocoarsely
rugulate., Nexine less than 1.0 mloron thick, psilate,
forming a nexinous central body more or less of same shape
and diameter of distal sexinal elevation. Exine of prox-
imal surface psilate.

Dimensionst dlameter 32 mlgza _(one specimen)
DISCUSSION
This spore, in having only an equatorial ociroular

belt of sexine thiokening, differs from Taurocusporites
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Stover and Distalanulisporites Klaus, which are charac-
terized by two or more concentrioc circular belts of sexinal
thiockening on the distal face. It differs from Coronati-
spora Dettmann in lacking interapioal orassitudes. Only
one speocimen observed.

Trilete spore "C"

Plate 13 figs. 6, 7
DESCRIPTION 3

Trilete miorospores; amb triangular to subtriangular,
aploes rounded; sides slightly oonvex. Laesurae extending
almost to aploal extremitlies, simple, with very slightly
thickened margins flanking the slightly agape commlssures.
Exine single-~layered, scabrate or faintly punoctate.
Dimensions: diameter 25 mliora

DISCUSSION:

Only one specimen of this morphologically simple spore
of unimown botaniocal affinity was observed in the Michigan

"Red Beds".
Trilete spore "D"
Plate 2; figs. 14, 15
DESCRIPTION

Trilete microspores; amb oclroular to subocircular.
Commissures simple, straight slits extending approximately
one-half spore radius, flanked by narrow, highly undulate
ralsed lips whloh extend about two-thirds of spore radius.
Raised lips befurcate near theilr extremities, the individual

limbs becoming less pronounced as they approaoh the eguator.
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Exine 2.0 miora thiock, apparently single-~layered; surface
of exine psilate to faintly scabrate.
Dimensions: Total diameter 37 mlora
DISCUSSION: '

Only one specimen of this distinct spore was observed.
With the exception of 1ts cilrcular amb, 1t is morphologlc-
ally similar to the genus Undulatisporites Pflug. The

precise botanlioal affinity of this spore is unknown.
Trilete spore g

Plate 1; fig. 5

DESCRIPTION®

Trilete micrnspores; amb circular to subolrocular.
Laesurae extend almost to equatorial margin; simple, stralght
commissures flanked by raised lips whioch may be exine thick-
ening or only artifacts of preservation produced by exine
folding along commissures. Exine thin, less than 1.0
micron thick; surface faintly socabrate.

Dimensionss Total diameter 30 mlora

DISCUSSION

Only one rather poorly preserved specimen was onbserved.
The spore is morphologiloally simlilar to and may belong to

the genus Todisporites. Its botaniocal relationships are

unknowne.
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Trilete spore "F"
Plate 33 fige. 11 - 14
DESCRIPTION

Trilete miorospores; amd triangular to subtriangular,
aplces well rounded, sides stralght to slightly convex.
Laesurae extending to aplcal extremities; commissures
flanked by raised lips l.5 - 2.0 miora wide. Exine stratifi-
cation indeterminate. Distal surface densely covered wilth
circular to irregularly shaped verrucae 2 - 4 miocra across.
Verrucae larger and more densely packed at distal polar
reginn. Large granulae and fine verrucae are scattered
sparsely on the proximal surface. Exine 1.0 - 2.0 miocra
thick.

Dimensions: diasmeter 23 micra

DISCUSSIONs

Several rarely ocourring spores of this type have been
observed in the Michigan "Red Beds". Its botanlical affili-
ations are unknown.

' Trilete spore "“G"
Plate 13 figs. 9, 10
DESCRIPTION 3

Trilete microsponres; amb subtriangular to suboiroular,
aploes broadly rounded, sides convex. Laesurae straight,
extend to apical extremities; commissures flanked by ralsed
lips 2.0 - 2.5 miora wide. Exine single-~layered, of uni-
form width, 1.0 - 1.5 miora thick, psilate to falntly scabrate.

Dimensionss diameter 36 miora
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DISCUSSION
Only one specimen of this spore of unknown affinity
has been observed in the Michigan "Red Beds".
Trilete spore "H"

Plate 13 fig. 4
DESCRIPTION

Trilete miorospores; amb subtriangular, aplces broadly
rounded, sides convex. Laesurae extend to apical extremi-
ties; oommissures slightly agape at proximal polar area,
flanked by ralsed 1lips which may be formed by uptumed
sexinal extensions. Lips 4.0 = 5.~ micra wide at proximal
prlar region, taper toward aplees. Exine 1.0 - 1.5 miora
thick, two-~layered, surface psilate; sexine infrapunoctate,
less than 1.0 mloron thiock, olosely appressed to thin
nexine (about 0.5 micron).

Dimensions: diameter 26 miora

DISCUSSION®

This spore type is imown from a single occurrence in

the Miohigan "Red Beds". JIts botaniocal relationships are

unknown.
Trilete spore "1I"
Plate 1l; figs. 2, 3
DESCRIPTION1

Trilete microspores; amb subtriangular, aploces broadly
rounded, sides slightly oonvex. Laesurae extend to aploal
extremities, ocommissures flanked by narrow (1.0 mioron

wide), lips comprised of uptumed extensions of proximal
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exine. Exine single-layered, thin {(less than 1.0 miocron
thick), uniform in thickness, very faintly soabrate.
Dimensionss dilameter 25 miora

DISCUSSION:

This spore.is very similar to Biretisporites potoniael
Deloourt & Sprumont, from which it differs in having a
thinner exine and a somewhat smaller size. Only one specl-
men was observed in the Michigan "Red Beds". 1Its botaniocal
affinity is unoertain; Rouse (1957) suggests an affinity
of similar forms with Hymenophyllum L.

Trilete spore "J"

Plate L; figs. 1, 2
DESCRIPTION 2

Trilete miorospores; amb oirocular to subciroular;
shape probably originally spherical to subspherical.
Commissures indistinect, apparently simple, open s8lits about
2.0 miora wide, extending to equatorial eftremltles.

Exine thiok, up to 2.0 miora in thickness, single-layered.
Proximal surface omamented with small, irregular, sinuous
verrucae; distal surface uniformly covered by large clavae.
Individual olavae up to 5.0 miora long, spaced at inter-
vals of 2.0 to 5.0 micra from each other, expanded at their
tips to form a rounded terminal knob up to 2.0 miora in
diameter. The maximum oconstrioction ocours just beneath the
bulbous tip, and each clavae is expanded at 1ts base where
i1t merges with the exine.

Dimensions: Total diameter about 60 miocra
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DISCUSSION:
Only one broken specimen of this distinotive spore
was observed. The botanical affinites are not known.

Trilete spore "K"

Plate 1; figs. 14, 15
DZSCRIPTION 1

Trilete microspores; amb gsubtriangular to subelroular,
aploces slightly angular, sides convex. Laesurae straight,
simple, extend nver three-fourths the radius of spores
commissures without flanking railsed lips, margins faintly
jagged. LExine thiok, measuring 2.5 - 3.0 miora at equatorial
optical seotion, two-layered, sexine only slightly thlcker
than nexine; sexine flnely Anfrapunctate; infrapunctation
more prominent on proximal surface.

Dimensions: dilameter 48 miora

DISCUSSION ¢

This distinct, two-layered spore 18 known from a single
specimen. Its botanioal reletionships are unknown.

Trilete Spore "L"

Plate 23 figs. 10, 11
DESCRIPTION :

Trilete microspores; amb triangular to subtriangular,
sides stralght to slightly convex, apilces rounded or bluntly
pointed. Laesurae extend to aploal extremities; commlssures
flanked by narrow raised lips 1.0 to 2.0 micra in width.
Exine thick, dense; exine stratification, if present,

indeterminate. Distal surface densely ornamented with
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sinuous, vermioculate convolutions which appear to cross
each others individual convolutions about 2 miora wide.
Proximal surfaoce more or less smooth with minor, radlially
dlisposed folds or orenulations,
Dimensions: total dlameter 28 miora

DISCUSSION 3

Only one specimen was reoorded. This spore, of unknown

bntaniocal relations, may belong in the genus Convoluti-

sporites.
Trilete gpore "N"
Plate 1; fig. 11
DESCRIPTIONt

Trilete microspore; probably originally spherioal,
ambd olroular to subsolircular. Laesurae stralght, extending
about three-fourths the spore radius; margins of ocommlssures
slightly thiokened. Exine 0.5 - 1.0 micron thick, folded,
scabrate or punotate. ‘
Dimensions: diameter 27 miocra
DISCUSSION

One specimen of thls spore of unknown affinity was

observed from the Miochigan "Red Beds".




DESCRIPTION OF GYMNOSPERM POLLEN

Genus CYCADOPITES (Wodehouse) ez'w1lson & Webster

1933 Cyocadopltes Wndehouse; p. 483.

1946 Cyocadopites follicularis Wilson & Webster: p. 274,

fig. 7, type speoles
1947 HMonosulcites Conksoni p. 134

1953 Monosuloites (Conkson) Couper; p. 65

1958 Monosuloltes (Cookson) Potonids p. 95 (oitation of

holotype)
DIAGNOSIS:

Monosulcate pnllen, oval to fusiform in equatorial
outline. Elongate sulcus traversing the entire length,
oT nearly the entire length, of the pollen‘grain. Sulous
may be elongate-oval in outline, or it may be wider at the
longitudinal extremities than at the distal polar region.
Ralsed exinal lips may or may not flank the sulous. Exine

usually two layered. Surface omament may be psllate to

scabrate.

DISCUSSION?

Included in this genus are monosuloate grains whioh
mAay or may not have lips flanking the sulous, and whioh
lack infrasoculptural elements in the exine. Because of

the similarity of this pollen type to several pteridospermous

113
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and gymnospermous groups, specles referred to Cyoadopltes

are best considered as having affinity with a Ginkgoales-
Bennettitales- Cycadales oomplex.
Cycadopites sp. "A"
Plate 43 Pigs, 3 - §
DESCRIPTION
Monosulocate pollen, elongate-oval in equatnrial out-
line, longitudinal ends rounded. Sulcus centered on dis-
tal face and traversges the entire length of the grain.
Sulcus not flanked by ralsed lips, widest (3 - 5 miora)
at longlitudinal extremities, margins often overlapping
in region of distal pole. Two-layered exine 1.0 - 1.5
micra thick, surface psilate to very faintly scabrate;
sexine olosely appressed ton and thioker than nexine.
Dimensions: length 134 (37) 39 mieora
ﬁidth 19 (22) 25 miora
DISCUSSION:

This 18 a rarely oocourring specles in the "Red Beds",
Cycadopl tes Sp. "B"
Plate 4; figs. 6 - 11
DESCRIPTION s
Monosulecate pollen, fusiform to elongate-oval in
equatnrial outline, sides nearly straight to slightly
convex, ends sharply rounded. Sulocus extending entire
length of distal faoce, usually slightly wider (2 - 4 micra)
at longlitudinal extremities than at the oentral distal

polar region, where it 1s oclonsed by nverlap of the margins
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or forms a more or less uniformly narrow slit 0.5 - 2.0
micra in width. Sometimes sulcus gapes widely at only
one end. Sulous flanked by more or less biconvex, darkened,
well developed 1lips which attain a maximum width of 6 micra
at the distal polar region and taper towards longltudinal
extremities of the sulous where they merge with exine of
normal thilokness. Exine two-layered, psilate, 1.0 - 2.0
miora in thiockness. Sexine and nexine closely appressed.
Dimensions: length 26 (33) 47 miora

width 10 (14) 19 micra
DISCUSSIONt

This specles 13 rare but is present in all samples
nf the "Red Beds",
Cycadopites subgranulosus (Couper) Pocock

Plate 53 Figs. 1 - 3

1958 Monosulcites subgranulosus Couper, p. 158, pl. 26,
fig. 28=30

1965 Cycadopites subgranulosus (Couper) Pocook (in press)

DESCRIPTION

Monosulcate pollen, oval in equatorial outline, ends
pointed. Sulous extending entire length of distal face,
8lightly wider at longltudinal extremitles (3.0 micra)
than at dlistal polar rezion. Sulocus flanked by weakly
developed ralsed 1lips 2 - 3 miora wide. Ralised lips infra-
punotate or infragranulate, tapering gently to longltudlnal
extremities. Exine two-layered; nexine thin, of indetermin-

able thiocknessj sexine 1 - 1.5 miora thick, infragranulate
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(tegillate); infragranulation of proximal side much finer
than that of distal side. Surface of exine psilate to
faintly soabrate.
Dimensions: length 49 micra

width 23 mliora
DISCUSSION

Only one speocimen of this distinct pollen has been
found whioh ocompares closely with the holotype (Couper,
1958, pl, 26, fig. 28). In that my specimen and the holo-
type both have infrasexinal omamentation, perhaps

Cycadopi tes subgranulosus should be transferred to the

genus Ginkgoretectina.

Genus CHASMATOSPORITES Nilsson
1958 Chasmatosporites major Nilssoni p. 5S4, pl. 3, figs.
10 - 15
DIAGNOSIS:

Monosuloate pollen grains with a sinéle longltudinal
sulcus or leptoma. Outline circular to oval. Sulous
usually relatively wide and of verylng length, frequently
extending about three-fourths of length of grain. Exine
generally two-layered. Sulcus or leptoma may or may not
be flanked by sexinal lips.

DISCUSSION

This genus 1s distinguished from Cycadopites and

Gilnkgoreteotina by 1ts more or less cirocular to rounded-

oval shape and 1ts relatively short and wide sulcus.
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Chasmatosporites sp. "A"
Plate 4; fig. 19

DESCRIPTION

Oval pollen grains; length only slightly sgreater than
width. Distal surface traversed by parallel-sided sulous
or sulocoid leptoma which extends almost entire length of
grain. Sulous (or leptoma) flanked by weakly developed
exinal thickenings. Sulous about 35 miocra long, of uni-
form width throughout (5 - 6 miora wide). Exine about 2
micra thioki sexine only slightly thicker than and closely
appressed to nexine., Surface of sexine rugulate to
irregularly verrucate.
Dimensionss Total length 40 miora

Total width 34 miora

DISCUSSION:

Only onaISpeoimen was observed. Thls form is morpho-
logically simillar to the pollen of some cyéada. but 1t 1is
concelvably an aberrant blsaccate pollen, possibly of
podocarp affinity, whose saccl have falled to develop.

Genus GINKGORETECTINA Mal jawkina

1953 Ginkgoreteotina punctata Mal.; p. 136, pl. 1, fig.
20, type speoles
DIAGNOSIS:

Follen gralns monnsulcate, oval tn fuslform in equa-
torial outline. Distal sulocus may be well developed,
extending the full length of the grain, either wider or

narrower at longitudinal extremitlies than at central distal
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polar area, Oor may be an elongate leptoma. Sulocus (or
leptoma) flanked by sexinal lips. Exine two-layered,
infrapunctate or infraretioculate (tegillate).
DISCUSSION:
This menus, of probable gymnospermous affinity, differs

from Cycadopites in encompassing only those specles with

infrapunaotate nr infrareticulate sexines,

Ginkgoretectina sp. "A"

Plate 5; Figs. 4 - 7
DESCRIPTION:

Monosuloate pollen, oval in equatorial outline, ends
sharply rounded. Sulcus extending almost the full length
of distal face, wider (5.0 miora) at longlitudinal extremi-
ties than at distal polar area. Sulous flanked by irregu-
larly developed ralsed lips which are more pronminent at

the distal polar region. Lips have maximum width of 5.0

micra, onmarsely infrapunctate. Exine two-iayered, nexine
approxlmateiy 0.5 mioron thick; sexine 1.0 - 2,0 micra
thick, distinctly infrapunctate {(tegillate).
Dimensions: length 5§59 micra

width 31 miora
DISCUSSION

Only one speolmen of thls distinctive pollen has
been found in the Michigan "Red Beds". It probably bears
affinity with the ocycadales.
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Ginkgoretectina sp. "B"

Plate 43 figs. 13, 14, 17, 18
DiSCRIPTION ¢

Monosulcate pollen grains; oval in equatorial onut-
1ine. Distal surface traversed by a sulcus extending al-
mnst the entire lensth nf the pollen grain; sulcus 1 to
3 micra wide, more or less parallel-sided, exocept at
extremities where it tapers somewhat., Sulcus usually
flanked by thickened exinal 1lips up to 3.0 miocra wide on
each side nf sulcus. Exine 1.0 tn 1.5 micra thick, two-
layered; sexine infrapunctate to finely infragranulate,

closely appressed to nexine; nexine may be 8s8lightly thinner

than sexine. Surface of exine may bear scattered punctae
oT granulae.
Dimensions: Tontal length 26 (31) 3% miora

Total width 14 (16) 17 miora
DISCUSSION: '

Only four grains of this rare species of posslible
cycadenid affiliation have been observed. It resembles

some specles of Cycadopltes with the exception of infra-

sexinal omamentation. The granulate or punctate surface
may be a result of exine ocnrrosion.

Genus EUCOMMIIDITES (Erdtman) Hughes

1948 Tricolplites (Eucommiidites) trnedssonii Erdtman;
p. 267, type specles

1957 Trifossopollenites (in part) Rouse; p. 372

1958 Eucommiidites (Erdtman) Couper; p. 160

1961 Eucommiildites (Erdtman) HYushes; p. 293
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DIAGNOSISs:

Complex pollen grailns bearing one consplocous sulcus
non the somewhat flattened distal face, and a palr of
tenuitates, or sometimes a ring tenultas, on the more
convex proximal surface. Grains are elongated-elliptical
to subolircular in equatorial outline, and sulcus and
tenuitates parallel the longer axis. Two-layered exine
may be smooth, scabrate, punotate, pltted, or tegillate

(infrapunctate).

DISCUSSIONs

Originally, Erdtman (1l948) interpreted these grains
as tricolpate ponllen, and thus prnisible evidence for pre-
Cretaceous angiosperms. Later examination revealed, how-
ever, that the more fully developed "colpus" was of
gymospermous aspect, and that the other twn "colpl" were
cresocentic or circular exinal thinnings wl?h Jagged edges
(tenultates) on the proximal side of the equator. WNot only
do the sulous and tenultates differ in structure but they
Aare not symmetrically disposed with respect to each nther
in a radial manner, as 1s the ocase in most anglospermous
tricolpate pollen.

Hughes (1961) found numerous speoclmens of Eucommiidites

delcourtil in the mioropyle and pnllen chamber of several

specimens of the gymnospermous seed Spermatites pettensls

Hughes from the Lower Cretaceous of England, and Brenner

(1963) has reported Eucommiidites troedssonil Erdtman in

the mioropylar tube of 12 speocimens of a similar
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gymnnspermous seed from the Lower Cretaceous Potomac Group

of Maryland. Eucnmmiidites 1s thus without doubt a pollen

with gymnospermous affinity, but 41t is not possible at
present to definlitely state to whioch group 1t belongs.
On the basis of the structure of Spermatites, Highes (1961)

suggests the Chlamydospermales as the most likely group.
The known stratigraphic range of forms assignable
to this genus 18 from Lower Jurassliec to Lower Cretaceous.

Eucommiidites troedssoniil Erdtman

Plate 8; Figs. 14 - 17
1948 Tricolpites (Eucommiidlites) troedssonil Erdtman;

p. 267
DESCRIPTION?

Monosulcate pollen, oval in equatorial outline, with
sulocus paralleling the long axis and traversing almost the
entire length of the distal face. Sulous ?4 to 35 miocra
in length, usually widest at the terminal extremities
{2 « 5 miora) and narrowest in the region of the distal
pole (1 - 3 micra). On the proximal face, a palr nf
orescentio tenultates flank the dlstal sulcus and are
dispnsed just proximal to the equator. Tenultates more
or less parallel the equator, vary in width fxrom 2 - 4
micra, and taper towards the longiltudinal extremlties.
Margins of tenultates usually irregularly serrate. Exine
two-layered; sexine averages 1.0 mioron in thickness and

1s tizghtly appressed'to nexine whioh is approximately
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0.5 mioron thick. Exine psilate to failntly scabrate, and
of uniform thiockness except over tenuitates where it 1s
conslderably thinned.
Dimensionss: length 34 (39) 43 miora

width 23 (26) 136 micra
DISCUSSION:

This species is of rare ocourrence in all "Red Beds"
gsamples. No specimens were observed in whioh a proximal
ring tenuitas had developed by the merger of the tenuitates
extending ocompletely around the longlitudinal extremities

of the pollen grain. Euocommildites troedssonii 18 distin-

guished from E. minor by 1its decidedly oval shape, larger
size, and generally uniform thiokness of the exine,

tucommiidites minor Groot & Penny 1960

Plate 8; Figs. 18 - 22

DESCRIPTION

Monosuloate pollen, ciroular to subolircular in equa-
torial outline; with sulous extending almost the entire
length of the distal face. Sulous 18 to 25 miora in
length, variable in shape and width with some speolimens
having a sulous wider at longitudinal extremities than
at distal polar area, and others wlder at the distal polar
area than at extremities. Maximum width of sulcus 3 -~ 5
miora. Sulcus flanked by a distinect, usually darkeneqd,
zone of distal exinal thisckening, 3 - 8 micra wide at
pnolar area, whioh tapers toward the longitudinal extremi-

tles. Exine two-=-layered, psllate to faintly soabrate,
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uniform in thickmness, except for thinning over tenuitatep,
and thickening marginal to distal sulcus. At the equa-
tonrial region, the nexine ranges up to 0.5 micron in thiok-
ness, and the sexine 18 approximately 1.0 mioron thiock.
Dimensionst length 22 (26) 29 micra
width 20 (23) 28 miora

DISCUSSION ¢

The brlief description of this specles by Grout and
Penny (1960) does not mention the brnad, thickened lips
bordering the sulcus, and the orlentation, state of perser-
vation, and quality of 1llustration of the holotype renders
it diffioult tn determine whether this potentially dlag-
nostic feature 1s present or not. The speocimen designated
ag E. minor by Groot and Penny (1962) from the Lower
Cretaceous or_Portugal seems to suggest the presence of
broad, thiockened 1lips flanking the aulous..

This specles oacours rarely in the "Red Beds".

Eucommiidites sp. "A"

Plate 93 Figs. 1 -« 6, 10
DESCRIPTION
Monosuloate pollen, oval tn sub-clroular in equatorial
outline, grains often assume sub-rectangular outline due
to lateral exine folding parallel to the long axis. Sulocus
extending almost entire length of distal face, 18 - 27
micra in length, more or less uniform in width, or wider

at longiltudinal extremities than at distal polar area..

Twn weakly developed tenultates placed near equator on
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proximal face, not extending around the longltudinal
extremities of the pollen to form a ring tenultas., Detalls
of tenultates generally obscured by lateral folding of
exine. Exine two-layered, 0.5 = 1.0 miora thiock; nexine
less than 0.5 mioron thick; sexine up to 1.0 micron in
thickness, extermnally smooth, teglllate (infrapunctate),
columellae small, iso~diametrio, less than 0.5 miocron in
helght, dense, uniformly spaced. Sexine oclosely appressed
to nexine, beocoming slightly loose on less well preserved
zrains. Exine of uniform thickness, except at longltudinal
extremities, where 1t thiokens slightly.
Dimensions: 1length 26 (30) 35 miora

width 16 (22) 26 miora
DISCUSSION s

The thin exine apparently renders this form susocept-
ible tn pronounced, oomplex, arocuate folding whioch 1is
invariably present along the lateral extreﬁities of the
grain. Thege folds parallel the long axis of the grain,
symmetrically flank the sulous, and involve the tenultates,
It is suggested that the tenulitates create a zone of weak-
ness where infolding of the exine may have oocurred during
onmpression of an originally asymmetriocally biloconvex pollen
grain. This would explain the generally obscure nature
nf the tenuitates,

Forms assigned to this taxa differ from E. troedssonii

and E. minor in having a slightly thinner exine whose

sexine i1s distinotly teglllate or lnfrépunctate. This
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speoles bears some semblance to several specimens briefly
desecribed as scabrate by Saad (1963) from the Sinai Region.
Careful re-examination of his material may reveal a tegll-
late (infrapunotate) sexine. Saad did not give his forms
a specifioc name, and no holotype was designated,

Eucommiidites sp. "B"

Plate 93 Figs. 7 - 9, 11 - 20

Plate 16; Pigas. 14, 15
DESCRIPTION?

Monosulocate polleni lateral extremities of equatorial
outline gently convex; longitudinal extremities of equa-~
torial outline angular to sharply convex or pointed.

Sulcus 17 to 23 miora in length, traversing nearly entlre
length of distal faoce; nearly uniform in width (1.0 to 3.0
miora) throughout, or only slightly wider at longitudinal
extremities. Sulocus margins flanked by narrow lips.
Charaoterlétlos of proximal tenultates obscured by minor
exine folding along lateral equatorial regions. Tenultates
do not extend completely around proximal face to form ring
tenuitas. Exine two-layered, sexine about 1.0 miocron
thiok, tightly appressed to nexine (less than 0.5 mioron
thick). Distal surface psilate; proximal surface conspiocu-
ously marked by pits apparently penetrating both nexine

and sexine; pilts variable in size from less than 0.5 mloron
to 2.0 miocra in dlameter, randomly scattered over and ocon-
fined to proximal surface, but can be observed along equa-

torial onutline.
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Dimensions:t length 20 (24) 28 miora

width 11 (15) 17 micra
DISCUSSION?

The most dlagnostic characters of this specles are
the pitting of the proximal exine and the angular aspect
of the longltudinal extremities. Whether or.not the pitting
is a genetically controlled feature, or whether it is a
spurious product of differential corrosion, ocannot be
ascertained, but it i1s a oonstant feature on all specimens
nbserved and appears to be a valid taxonomic criterion.
The angular longitudinal extremities may be the result of
folding confined to and possibly controlled by the tenultates
flanking the dlstal sulcus.

This specles 1s quite similar to Eucommiidites
delcourtil Hughes, which, according to Hughes (1961),

bears two distinct sizes of plttings confined to the proxi-

nal face. The quality of illustrations of E. deloourtii

prohiblit a close comparison. The "Red Beds" material does
not pngsess a bimodal slize distribution of the plts.

This species 1is extremely rére and has only been
observed in a few samples of the "Red Beds".

Eucommiidites sp. "C"

Plate 9; Figs. 21 - 730
DESCRIPTION:

Monosuloate pollen grains; rounded oval to subslrcular
in equatorial outline. Gaping sulcus extending almost

entire length of distal face, widest at the distal polar
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region and tapering toward, and becoming pointed to sharply
rounded at, the longiltudinal sulocus extremities. Sulous
not flanked by thickened exinal 1lips. Sulous 16 -« 22 micra
in length, and 7 - 9 micra in maximum width at the dlstal
polar region. Proximal surface bears a pair 6f arcuate
tenultates just proximal to the equator and symmetrically
disposed on each side of the distal sulcus. Tenultates
are narrow, less than 2.0 miora wide, of more or less uni-
form width throughout, parallel the lateral equatorial mar-
gin of the pollen, and extend almost to the longltudinal
extremities of the ponllen grain, but do not appear to merge
to form a ring tenuitas. A small, auriculate-~like proocess,
comprised of A thickened extension of equatorial exine 1is
present at the longitudinal extremities of the pollen grain.
The blunt aur;oulate-like processes are attached aoross
the ends of the sulcus, range in width from 6.0 = 9.0
micra, and are 2.0 - 3.0 miora long. Lateral infolding
of the exine along the position of the tenultates sometimes
ascentuates the auriculate-like processes. Exine two=-
layered, of more or less uniform thickness throughout
(about 1,0 mioron thick), execept at thickened longitudinal
extremities; sexine and nexine closely appressed and of
indeterminate thiokness. Exine frequently densely pitted;
pltting more pronounced on, but not restriocted to, the
proximal surface. Plts average about 1.0 mioron in diameter.
Dimensions: Length 23 (26) 28 micra

width 18 (20} 21 micra
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DISCUSSION?®

The above interpretation 1s based on observations on
four speocimens. This rare speocles 18 readily distinguished
from other speclies of the genus by the gaping, elliptieal
sulcus, the broadly oval equatorial outline, and the
aurioulate-~like terminal exinal thiokenings, whioch apperently
are a unique morphologic feature of the genus. The exine
pitting so oommon on the proximal surface may be an artl-
faot of corrosion of the perhaps more susceptible proximal
exine.

Genus INAPERTUROPOLLENITES Thomson & Pflug, 1953

DIAGNOSISs

Pollen grains laocking, .or apparently lacking, aper-
tures; originally spherical or subspherioasl. Exine either
one- or two-layered; surface pslilate, socabrate, to granu-
late. Nexine and sexine of two=layered forms may be tightly
or loosely appressed. Sexine may have infra-ormamentatlon.

DISCUSSION:

Strictly a morphologic genus, Inaperturopollenites

is simllar to pollen produced by a number of plant taxa,
and as such has practically no botanical connotation.

Some speoles have been oompared'to araucarian pollen. Most
pollen inocluded in this genus are probably of gymmospermous
affinity.
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Inaperturopollenites Sp. "A"
Plate 21; Pigs. 1 = &4

DESCRIPTION 2

Inaperturate pollen; oval to subciroular in outline;
grains probably originally spherical in shape. No germinal
mechanism or exine thinning (leptoma) observed. Exine two-
layered; smooth nexine thin, about 0.5 mioron thiok; sexine
up to 1.5 miera thick, very finely infrapunotate or infra-
granulate, surface of exine scabrate to finely granulate.
Sexine may be tightly or loosely appressed to nexine.
Exine commonly intensely folded and sometimes ruptured.
Surface of exine sometimes has roughened appearance, probably
due to corrosion.
Dimensionst Total diameter 35 (S6) 78 micra
DISCUSSION 3

Size, orﬁamentation, exine thickness, and the rela-
tive degree of sexine attachment to the neiine are oon-
sldered salient tAxonomic oriteria at the speocies level.
The numerous specimens oclosely examined here exhiblt com-
plete intergradation of all these aspeots, and the differ-
entiation of more than one specles was oonsldered unwarranted.
It appears that both exine ormamentation and the degree
to which the sexine may be appressed to the nexine oan be
a prnduct of differential preservation. This gymnospermous
pollen ocococurred csommonly in the Michlgan "Red Beds". 1t
has little stratigraphlioc significance, and a poasible

araucarion affinity can only be oconjlectural.
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Genus SPHERIPOLLENITES Couper

1953 Inaperturopollenites Thoms, & Pflug (in part)s; p. 66.

1958 Spheripollenites scabratus Couper; p. 158, pl. 31,

Figs. 12 - 14, type species.
DIAGNOSIS3 |

Originally spheriocal to subspherical pollen grains
with a distal germinal aperture comprised nf eilther a
distinet to soarcely disscemible pore, or a leptoma.

Exine thin, readily folded, two-layered; sexine may be
uniformly infrapunctate, or infragranulate, infracanaliocu-
late, throughout, being absent at the pore or leptoma.
Surface of sexine may be psllate, scabrate or granulate.

DISCUSSION

A comparlison between species of Spheripollenites and
certain extant members of the Cupressaceae and Taxaoeae
has been discussed and 1llustrated by Coupgr (1958). The
pore or leptoma is nften detectable under phase contrast.

Spheripollenites scabratus Couper

Plate 5; Figs. 15, 16. Plate 6; Figs. 1 - 4
1958 Spheripollenites soabratus Couper; p. 158, pl. 31,

Figs. 12 - 1k,
DESCRIPTION:

Probably leptomate pnllen, originally spheriocal or
subspherical in shape. Indistinot leptoma ocentered at
distal pole, formed by differential sexinal (?) thinning
over a olroular to suboircular area averaging 6 miora in

diameter. Two-layered exine 1.0 - 2.0 miora thick, often
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fnlded; nexine thin (less than 0.5 mioren thiok)s sexine
usually about 1.0 mioron thiok, infrapunotate or infra-
granulate, olosely appressed to nexine, surface of exine
psilate.
Dimensions: Diameter 27 (34) 37 miocra
DISCUSSION:

Couper (1958) desoribed this species as having a
scabrate omamentation, but noted that the surface of the
exiﬁe was smooth in optiaal section. The sculpture of
his figured specimen (pl. 31, fig. 1l4) appears to be infra-
sexinal, and are thus comparable to those found in the
"Red Beds". The leptoma is rarelf obgserved by normal
microscopy, but can usually be detected under phase con-

trast. Spheripollenites scabratus 1s rare to common in

ococurrence, and is present in almost all samples of the
"Red Beds" examined.

Genus EXESIPOLLENITES Balme

1953 Inaperturopnllenites Thoms. & Pflug (in part); p. 66.

1957 Exesipollenites tumulus Balme3 p. 39, pl. 11, Flg. 123,

type speoles.
DIAGNOSIS:

Pollen grains nriginally spherical or subspherical
in shape; distal pole marked by a weakly developed circular
pore or a olrocular area of exine thinning forming a leptoma.
Pore or leptoma may be surrounded by a cirocular zene of

thickened and/or darkened exine. Exine two-layered, psilate,
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soabrate, or granulate. Infra-gsexinal omamentation, if
present at all, 1s usually oconfined to the area surrounding
the distal germinal area.

DISCUSSION

This monotypic genus 1s morphologically similar to
Spheripollenites Couper, from which it can be distinguished

by 1ts general lack of uniform infra-sexinal omamentation,
and by the struocture of the distal germinal aperture and

ad Jacent area. Like Spheripollenites and other similar

pollen, it 18 probably related to some members of the
Cupressaceae and Taxaoceae.

Exesipollenites tumulus Balme

Plate 5; Figs. 9 - 14
1957 Exesgsipollenites tumulus Balme; p. 39, pl. 11, fig.
123,

DESCRIPTION ¢

Monoporate or leptomate pollen grains; probably orig-
inally spherical to subspherical in shape. Pore or lep-
toma situated centrally on distal face, delineated by
a clroular zone of exinal thinning averaging 6 miora in
dlameter, whioch i1s enoclosed by a charaocteristio dark,
thickened (7), ociroular area of exine averaging 18 miora
in diameter. This darkened zone merges equatorially with
exine of normal thickness. Two-layered exine up to l.5
micra thiock, surface soabrafé to finely granulate. 1In
addition, the surface is often omamented with small,

spheriocal "orbloules", averaging slightly less than 1.0
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mioron in diameter, randomly attached, elther singly or
in olusters, to the exine. Sexine, when present, loosely
appressed to nexine, except over the distal polar area
where they are in oclose ocontaot.
Dimensions: Diameter 23 (29) 38 miora
DISCUSSION?

Pooock (1965) has oonvinocingly demonstrated the two-
layered exine in this speocles, and noted further that
specimens complete with the enveloping sexine are rare,

In faot, the nexinous central body, bearing the darkened
circular area encilroling the pore is the most common state
of preservation. Brenner (1963) noted an oococasional feature
on the proximal face which he interpreted as a triradiate -- —
tetrad mark. This 18 believed by Poonck (1965) to be a
spurious feature on the sexine resulting from foldfﬁg of
the nexinous central body.

Exesipnllenites. tumulus 1s without doﬁbt a distinoet

pollen entity in 1ts own right, and the suggestion of
Venkatachala and Gooczan (1964), that it probably represents

an "operoulate bondy" separated from Corollina, is wilthout

bagis.
Thlis speoles is ocommon in all "Red Beds" samples

nbserved, and 1s almost always represented by the nexlnous

central body.
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Genus CLASSOPOLLIS (Pflug) Pnocook & Jansonius
1950 Conifer Pollen, Reissingers p. 114, pl. 14, Figs.
15 -~ 16.
1953 Classopollis classoides Pflugs p. 91, pl. 16, Figs.

29 -~ 31, type specles.
1961 Classopollis classoldes (Pflug) P. & J.3 p. 443, pl. 1,

Flgso l - 9.
DIAGNOSIS:t

Complex pollen grainsg; distally monoporate or lep-
tomate; spherioal to ovold in shape and oireular, oval,
nr subtriangular in equatorial outline. Exine two-layered;
nexine forming a continuous layer of variable thlckness
beneath sexine. Nexine essentlallf.soulptureless, some-
times bearing a vestiglial trilete tetrad mark at proximal
pole, and is usually thinned at distal pole. Sexine tightly
nr loosely appressed to nexine, and may be infrapunoctate
or iInfragranualte to infrabaculate, At the equator, the
inwardly direocted rnds or baoculae of the sexine are usually
well developed, and are laterally fused in an orderly manner
tn produce a pronounoced equatorial band of striae on the
intemal surface of the sexine. Sexine is usually thlckened
at the equatorlial striated band, and is reduced or absent
at the distal pole to form a pore. A triangular opening
1s present in the sexine at the proxinal pole opposlite the
nexinal tetrad mark. Just distal and parallel to the

equatorial striated band, the sexine 1s attenuated or
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absent to form a narrow ring tenuiltas. The surface of
the exlne is smnoth tn psilate or faintly granulate.

DISCUSSION?

Pollen of the genus Classopollis are among the most
structurally and morphollogzlically comblex pollen known,
and they undoubtally outrank all gymmospermous pollen,
living or fossil, in ocomplexity. Considering the various
manifestations these pollen can assume, due to astates of
preservation, orientation, and maturity, it is not sur-
prising that the original diagnosis of the genus by Pflug
(1953), was grossly inacocurate., It wasm't until the more
astute observations of Harris (1957), Couper (1958),
Klaus (1960), Pooook & Jansonius (1961), and Chaloner
(1962), that the detalls of the struoture of Classopollls
were eluoidated. More recently, the electron miornsoopio
examinations bf ultra-thin sections by Pettitt and Chalonexr
(L964), have enabled a far more acourate 1ﬁterpretation

of the wall structure of Classopolllis zrains found in the

pollen saos of Cheirolepidium muensteri (Sohenk) Takhtajan.

Although the pollen of Classopollis have been found
closely assooclated with, and may have been produced by,

the closely related conifer genera Brachyphyllum, Paglo-

phylium, and Cheirolepis, they have only been observed

within the male ocones of the latter (Cheirolepidium muen-

steri), (see Pettitt & Chaloner, 1964, for further discussion).
There 18 oconsiderable difference of opinion oonceming

the taxonomic treatment of this elaborate pellen. Couper
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(1958), and Chaloner (1962), favor the recoanition of only
one specles, while Balme (1957) recognized two speoles,
and Pooook & Jansonius (1961l) recognized four species.

In this study, four species have been recognized,
only one of which has been ascribed to existing speoles.
Prinocipal morphologioc oriteria employed inoclude size, shape,
exine soulpturd, size of distal pore, and degree of separa=-
tion of sexine and nexine.

Classopollis is the most abundant form in all the

Michigan *"Red-Beds"” samples studied, and the many hundreds
of speolmens observed have enabled specifioc determinations
to be founded on multiple observations.

Classopolllis classoides Pflug

Plate 73 figs. 2 - 12, 14, 15
1953 Classopollis classclides Pflug; p. 91, pl. 16, figs.
29 - 31

DESCRIPTION s

Originally spherical or ovoid pollen grains usually
slightly shorter along the polar axis than along equatorial
AxXisg; grains clirocular to suboliroular in equatorial outline.
Distal pore oxr leptoma ocircular, 5 to 11l miora in dlameter.
Exine two;layered; nexine laevigate, about 1.0 mioron thick,
more or less uniform in thilckness, and apparently forms a
continuous nexinous body beneath sexine, except at proxl-
nal pole where a vestigial trilete mark may occur, and at
the position of the distal pore where 1t may be thinned
or absent. Sexine variable in thiockness, ranging from

0.5 tn 2.5 micra thlok;‘the sexine of proximal hemisphere
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is separated from the sexine of the distal hemisphere by
a narrow (1 = 2 micra wide) band of sexinal thinning forming
a ring tenultas parallel to and just distal to the equator.
A thin band of sexinal thickening 1s often observed flank-
ing the distal border of the ring tenuitas. A narrow belt
nf sexine, 5 to 8 micra wide, surrounds the distal pore.
At the proximal polar region, a triangular axea of sexine
reduction or absence i1s a common feature. The surface of
exine is smooth and without visible omament; sexine between
the equatorial band and the polar regions bears an infra-
punctate to infragranulate soculpture which 18 sometimes
so wenkly developed as to be scarcely perceptible. Approaoch-
ing the equatorial region from A paleward direotion,. the
infrasexinal omament grades into weakly developed, radislly
directed "rods® or infrabaculae, whioh fuse laterally at
an equatorlai zone of sexinal thiockening to produce an
intemal band of annular striae. Up to 9'striae may coll=
prise this equatorial band. The oolor is usually pale
yellow,
Dlmensionsx- Equatorial diameter 16 (29) 34 miora
DISCUSSION:

The speolmens desoribed and 1llustrated here, whilch
conform reasonably well with the emended conocept of C.
classoides by Pocock and Jansonius, occur in abundance

in all Michigan "Red 3eds" samples.
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Classopolllis sp. "A"
Plate 63 figs. 5 - 18, Plate 7; fig. 1
DESCRIPTION:

[}

Pollen grains originally subspheriocal to ovoid in
shape, frequently subtriangular in equatorial outline.
Subtriangular aspect of equatorial outline apparently the
result of regularly spaced exinal thickening at equatorial
region. Distal pore or leptoma ciroular, 7 to 17 micra in
dliameter. Exine two-layered; nexine laevigate, olosely
appressed tno gexine, of indeterminate thickness and
apparently forms a ocontinuous layer beneath sexine, except

at proxinal pole where a vestiglal trlilete tetrad mark may

ocour. Nexine may be thinned or absent at the position of
the distal pore. Sexine ranges in thiockness up to about

4 micra; distal and proximal sexine separated by well devel-
noped ring teﬁultas dispnsed on the distal side of the equa~
tor. A consplcuous band of sexinal thiokening flanks the
distal border of the ring tenuitas. Both proximal and
dlistal sexine display a well developed infrapunctation or
infragranulation and the infrabaculate sculpture at tEg
equatorial region 1s a partioularly salient feature. On
some speclimens these inwardly direocted sexinal rods are
about 2 miora in length. The precise nature of the equa-
torial intemally striated band is obscure, because no
tetrads of this specles have been observed, and the dis-
persed grains invariably occur in proximodistal orienta-

tion. The outline of the triangular opening in the sexine
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at the proximal pole may be stralght sided or strongly
conoave. The oolor is usually a dark ambdber.
Dimensions: Equatorial dlameter 30 (38) 50 miora
DISCUSSION1®

The relatively large overall equatorial dliameter and
the diameter of the distal pore, the subtriangular amb,
and the well developed infra-sexinal omamentation, serve
tn distingulsh thls speclies from others enocountered in the
Michigan "Red Beds". It is present in all samples, but is
Always unocommon.

Classopollis sp. "B"

Flate 7; figs. 13, 16 -~ 21
DESCRIPTION

Originally spherical or nvoid pollen grains. Usually
slizhtly shorter along the pnlar axis; grains olrocular to
subciroular in equatorial outline. Distal pore or leptoma
5 to 9 miera in diameter. Exine two-layefed; nexine laevi-
gate, thin, olosely appressed to sexine and forms a more
or less continuous layer beneath sexine, except at the
proximal pole where a vestigial trilete tetrad mark may
nccur, or at the distal pole where it may be thinned or
absent. Sexine of variable thickmess and may be as much
Aas 2 mlcora thick at'equatorial region. Infrasexinal soulp-
ture consists of A conspicuous infrapunctation or infra-
granulation, non both distal and proximal hemispheres,
which becomes strongly infrabaculate at the equatorial

region. The infrabaculae fuse at the equatorial region
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to produce as many as ten annular intemal striae. The
ring tenultas, located just distal to the equator 1s often
weakly developed, as is the band of sexinal thickening
flanking 1ts distal bnrder. Proximal pole marked by a
straight sided or onmncave triangular opening in the
sexine. Conlor 18 usually a pale yellnw.

Dimensions:t Equatorial diameter 24 (26) 27 miora
DISCUSSION:

The relatively small equatorial diameter, the strong
infrasexinal omamentation on bnth hemispheres, and the
conspiounusly developed, radially dispnsed infra-baoulae
near the equatorial region are the distingulshing
features of this specles. It is present in all "Red Beds"
samples, and is commnon 1in most.

Classopollis sp. "C"

Plate 83 figs. 1 - B
DESCRIPTION

Originally spherical to ovold pollen grains; sub-
circular to nval in equatorial outline. Exine twowlayeredj
nexine thick, of indeterminate thiockness, always opaque
nr nearly so, and forms A distinct smonth nexinal ocentral
bndy beneath the very lonsely appressed sexine. At the
distal pnle the nexine is reduced nr absent over a circular
area 3 to 8 miora in diameter which Aapparently corresponds
to the distal pore nf the sexine, The lonsely appressed
sexine 1s nften transparent, thin, usually less than 2

micra thiok at the equatnrial reglion, and may possess a
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trisngular opening at the proximal polar region. Infra-
sexinal omamentation is reduced to almost absent, and the
ring tenultas and the equatnrial internally striated band
18 likewise weankly developed. Up to six equatnrial striae
have been observed. The thin sexine is extemally smooth
and often folded and wrinkled.
Dimensionss Diameter of nexinal body 14 (18) 25 micra

Total equatorial diameter 22 (27) 34 miocra
DISCUSSION:

The thin, loosely appressed sexine 1s the readily
distingulishable feature of this specles. It is simlilar
to, but differs from, C. pflugil Pnoook & Jansonius in
having a thick, opaque nexinal central body. This specles
i3 present in most Miohigan "Red Beds"” samples, and 1s
common in many.

Genus ZONALAPOLLENITES Pflug (in Thomson & Pflug)

1931 Sporonites ismioculus Potonlej p. 556, fig. 2.

1934 Tsuagae=pnllenites imilculus Pot. & Ven.; p. 17,

rl. 1.
1938 Tsuga~-pollenites Raatzs p. 15.

1953 Zonalapollenites ianiculus Potonié ex Pflug (in

Thomson & Pflug); p. 66.
1958 Tsugaepollenites Pnt. & Ven. ex Potonie; p. 48.

1958 Cerebropollenites Nilsson; p. 72.

1961 Callialasporites Dev; p. UB.

1962 Pflugipnllenites Ponocock; p. 72.
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DIAGNOSIS1t

Monosacoate, radianlly symmetrical peollen grainss;
inaperturate or possibly distally leptomate. Proximal
surface may or may not be marked by a triradiate tetrad
mark. When present, the three radial ridges may. be 4ls-
tinct or only falntly represented. Exine twn-layered,
more nr less closely appressed about the polar region,
separating at equatorial region to form a monosacocate
condition ocomprised of elther a simple, radially folded
or crenulate saccus, or »f numerous highly onnvnlute
vesiculae, Sacocus usually distally pendant. Exine psl-
late, punotate, granulate, ny convolute, usually oonsider-
ably thinned over the distal polar area.

Type speciest Zonalapnllenites igniculus Potonie ex Pflug

(in Thomson & Pflug).
DISCUSSION:

Confusion regarding the validity of Zmnalapollenites

and Tsugaepollenites has recently been cleared up by

Pooook (1968).In the "Red'Beds" assemblage, the strongly
oonvolute agpeot nf some grains appear gradational with
less oconvolute forms. On this basis, it i1s felt desirabdle

to place Cerebrnpollenites in synonymy wlth Zonalapnllenltes.

These fossll pollen grains possess many of the morphonlogl-
cal attributes of those of modem Tsuga, including the
distally pendant sacous and the assumed leptomate germinal

mechanism produced by exinal thinning at the distal pole.
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A proximal triradiate tetrad mark has even been observed
on mndem Tsuga pollen.
Zonalapollenites trilobatus Balme

Plate 14; figs. 5 - 11
1957 Zonalapollenltes trilobatus Balme; p. 33, pl. 8,
fig. 91, 92.
1961 Calliaslasporites trilobatus (Balme) Dev; p. 48,

pl. 4, fig. 28, 29,
1961 Trisngulopsis trilobatus (Balme) DOring; p. 114,
pl. 17, fig. 4 - 8.
1962 Pflugipollenites trilobatus (Balme) Poocooks p. 73,

pl. 12, fig. 186, 187.
1963 Tsugaepollenites trilobatus (Balme) Dettmanni p. 100,

pl. 24, fig. 6 - 10.
DESCRIPTION®

Monosacoate pollen, enolirseling saoous.produced by
equatorial sgeparation of sexine and nexine. A trilete
tetrad mark may be present on proximal face, with laesurae
extending almost to outer margin of saocus. A commissure
is failntly represented bVetween narrow, slightly ralsed,
sexinal lips. Eguatorial outllnq of saocus clroular,
subecirocular, or subtriangular. Sexine thin, about 1.0
micron thlok, scabrate to faintly granulate, completely
enclosing a thicker (about 1.5 miora thick), bilconvex or
distally oonoave, nexinous central body whioch is convexly
subtriangular in equatorial outline. Saccus extends fron

5 to 16 miora beyond the equatorial margin of nexine,
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may or may not be radially folded, and sacous constrioc-

tions at the apical regions aften impart a trilobate

outline to the gralns.

Dimensionst Diameter of central body 36 (43) 49 miora
Total diameter 49 (57) 66 mnmicra

DISCUSSION:

Wheﬁ present, the triradiate laesurae on speoimens
obgerved from the "Red Beds" olearly extends onto the
sacous beyond the equatorial margin of the nexinous central
bndy, and I belleve that the tetrad merk involves only
the sexine., Several 1solated central bndlies have been
obgerved, all of whioch lack any trace of a proximal tetrad
mark.

All specimens observed in thlg study, and most previ-
nusly published illustrations, exhiblit orderly folding of
the central body, the folds oncourring at the interapicel
reglons aAand Joining at the aplces of the central body.
This folding acoounts for the subtriangular outline of
the ocentral body, and 1s probably related to and oontrols
the apleal oconstrictions of the saccus whioch results in
the tri-lobate outline of the sacous.

This specles 1s never abundant but is present in

most "Red Beds" preparations.
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Zonalapollenites dampilerl Balme
Plate 123 figs. 3 - 12 Plate 133 figs. 1, 4, 6 - 8
Plate 14; fig. 4

1957 Zonsalapollenites dampieri Balme; p. 32, pl. 8, fig.
88 - 90.
1961 Callialasporites dampierl (Balme) Dev; p. 48, pl. &,

fig. 26, 27.
1961 Applanopsis dampier: (Balme) Doring; p. 113, pl. 16,

1962 Pflugipnllenites dampleri (Balme) Pocoock; p. 72,

pl. 12, fig. 183, 184.
1963 Tsugaepollenites dampieri (Balme) Dettmanni p. 100,

Pl. 24 fig. 1 - 5.
DESCRIPTION ¢

Monoaaoqate pollen equatorial outline of saccus and
central body ceiroular to rounded sub—triangular; sacocus
nutline sometimes undulate or crenulate due to radial
folding. Exine two-layered; nexine thin, 0.5 to l.5 miera
thiok, psllate to scabrate, forming a central body oom-
pletely enclosed by the enveloping sexine; sexine 1.0 to
2.0 miora thick, tightly appressed to nexine at both distal
and proximal polar regions; sexine and nexine separated
at equatorial region to produce A narrow, slightly inflated,
frequently distally pendant saccus 3.0 to 11.0 micra wide.,
A circular to subolroular area nof thinned sexine, and

pnsSsibly nexine, forms A leptoma 13 to 35 miora in dlameter




146

at the distal pole. The proximal surface may or may not
bear a trilete tetrad mark. Commissures rarely developed;
lasesurae, when present, are in the form of raised sexinal
ridges about 2.0 miora wide which may extend full radius
of nexinal central bndy. Sexine may be granulate, soabrate,
or punotate, and weak convolutions may sometimes be devel-
oped on the proximal surfaoce, especially near the periph-
ery. In addition, conveolutions may also be present on
the distal surface flanking the leptoma.
Dimensionst Diameter of oentral body 27 (42) 58 micra
Total diameter 30 (51) 65 micra

DISCUSSION1®

The overall size, width and intensity of ocrenulate
folding of the equatorinl saccus, and the thiockness of
sexine are extremely variable among specimens described
above, and the gradational nature of these morphologlocal
criteria among the "Red Beds" speclimens apﬁear to contra-
diot a distinction between T. dampleri (Balme) Dettmann

and T. segmentatus (Balme) Dettmann. The forms here

assligned to T. damplerl are present throughout the "Red-

Beds" samples examined, but are never abundant.

ZONALAPOLLENITES sp. "A"

Plate 113 PFigs. 10 - 12, Plate 12; Pigs. 1, 2,
Plate 13; Flgs. 3, 5.

DESCRIPTION®

Monosaccate pollen; equatorial outline of saocus and
central bondy olroular to brnadly subtriangular. Exine

twn-layered; nexine thin, 1.0 tn 1.5 micra thiok, psllate
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to scabrate; sexine 1.0 to 2.0 miora thick, completely
envelops nexinal ocentral bndy, and i1s closely appressed to
nexine at proximal and dlistal polar regions, beocoming
separated equatorially to produce a narrow (2 to 7 miora
wide), weakly inflated, distally pendant sacous whose
outline 1s often highly undulate nr orenulate due to intense
convolution and radial folding of the saoccus sexine.
Proximal surface of sgexine nften profusely convolute, ruagu-
late, or verrucate. These scuptural features are usually,
but nnt always, more intensely developed around the periph-
ery of the pollen grain. A clroular tn subcircular leptoma,
9 tn 26 miora in diameter, comprised of unornamented, thinned
exine, 1s centered at the distal pole. Leptoma 1is frequently
surrounded by highly convolute sexine. Trilete tetrad
mark, usually_lacking apparent commissures, may or may not
exlst on proximal surface. When present, laesurae are pre-
sent at ralsed sexinal ridges abnut 2.0 miora wide which
may extend to equatorial margin of central body.
Dimensions: Diameter of central body 33 (40) 49 micra

Total diameter 38 (48) 57 micra
DISCUSSION:

The frequently intense rugulate to verruocate sexinal
convolutions, present on the proximal surface, and also
the distal surface where they surround and clearly defline
A generally smaller leptoma, serve to dlstingulish thils
specles from Z. dampieri Balme. This species 1s present

in most "Red Beds" samples but is never abundant.,




148

Zonalapollenites sp. "B"

Plate 133 Pigs. 9 - 16
DEESCRIPTION 3

Monnsagcoate ponllen, relatively smalli amd clrcular
to subeirecular; nutline at equator smnoth to slightly
crenulate, Exine two-layered; nexine thin, 0.5 to 1.0
micron thick, completely envelnps nexinal central body,
and 1s tightly appressed over the entire area of the
nexine except equatorially where it 1s only slightly
separated to prnduce a somewhat rudimentary saccus 1.0
to 4.0 miora wide. Saccus has little or no distal inclina-
tion. The exact width of saccus, which is usually about
2,0 miora or less, 1s nften obscured by the dense, faintly
inflated, Aand onnvolute aspect of the sexine at the equa-
torial reglion, but a oiroular to subciroular area of thinned
exine 5 to 23 miora in diameter dellneateq a leptoma oen-
tered at the distal pole. Sexine delicately convolute to
regulate over entire surface exocept at leptomate area where
nmamentation 1s greatly reduced or lacking. The convolute
to rugulate omament 1s alsn frequently reduced over the
proximal polar area, and in general tends to be more devel-
oped on the proximal and distal equatorial regions. Proxi-
mAl tetrad mark rarely deteotable; but when present, is
comprised of raised, thlickened, more or less orenulate
sexinnal ridges up to 3.0 micra wide which may extend
Almost to equatorial margin of the pollen grain. Commis-

sures have not been observed in this species.
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Dimensionst Diameter of central body 26 (31) 37 nmicra
Total diasmeter 28 (34) 40 micera
DISCUSSION:

The relatively small size and the slight equatnrial
separation of sexine to produce a very narrow and some-
times soarcely discemible saccus are the distinguishing
features of this specles. It is present in most "Red Beds"
samples, but 1s never abundsnt.

Zonalapollenites mesozoicus (Couper) n. oomb.

Plate 10; Figs. 11 - 18, Plate 113 Figs. 1 - 7
1954 Pollenites macroserratus Thierg.; in Rogalska; p. 20,

pl. 9’ flgs- 5, 6.
1958 Teumaepnllenites mesnznious Couper; p. 155; rl. 30,

fig. 8, holotype.

1958 Cerebropollenites mesozoiocus (Couper) Nilssons p. 72,

pl. 6, rigs. 10, 2.
DESCRIPTION

Monosacoate pnllen grains; equatorial outline olrou-
lar to suboirecular, grains probably nriginally spherical
to subspherioal. Exine two-layered; nexine about 1.0 mioron
thick, smooth, without apparent ornamentation, forming an
nbscure central bondy ocompletely enveloped by dense, highly
convolute sexine; degree of sexinal inflation, and com-
pactness Aand intensity of convolutions, highly variableg
sexine punctate, generally more inflated equatorially
to prnduce an irregular saccus cecmprised of numerous,

densely spaced, vesioulate convolutions, which extend
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distal to the equator. Convolutions tend to be reduced
in size and more lonsely spaced on the proximal surfaoe;
and- generally absent over a leptomate area oentered at the
distal pole, Ciroular to-suboircular leptoma 12 to 33
micra in diameter, marked by thinned, comparatively smooth
exine, and 18 surrounded by a zone of convolute sexine.
Weakly developed proximal tetrad marks are extremely rare.
Ormamentation ranges from compactly spaced oconvolutions
having a oirocular to subecircular outline, to loosely spaced
convolutions that are narrow, elongate, and irregularly
sinuous. These extremes in souptural elements are com~-
pletely gradational in aspect, and correlate with overall
size variations, the pnllen grains with the ocompact, oclrou-
lar convolutions tending to be assooiated with smaller grains.
Dimensions: Total diamter 37 (46) 59 miora
DISCUSSION 2

Corresponding to a gradual inocrease in diameter is a
reduction in intensity and density of sexine convolutions,
expeclally on the proximal surface, a progression from
convolutions having more or less circular outlines to those
having narrow, elongate outlines, an enlargement of the
distal leptomate area, and a greater separation of the
equatnrial sexine to produce a more clearly defined, con-
tinuous, though highly folded and ocrenulate, sacous than
present on the typiocal Z. mesozolous morphology. The
above outlined trends are sucoessively 1llustrated on

Pl. 10, figs. 11 - 18, and PL. 11, figs. 1 - 9. The extreme
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development of these trends results in a form similar to
Z. dampleri and related forms. Such a transition 1is sug-
gested by the speoimens illustrated in Pl. 11, figs. 8,

9. Z. mesozoicus is present in most "Red Beds" samples,
but is usually rare.

Zonalapnllenites sp. "C"

Plate 103 Figs. 1 - 10
DESCRIPTION

Mnnosacocate pnllen grains, relatively small; amb
circular to subecircular or subtriangular, grains probably
originally sphericsl ten subspherical. Exine two-layered;
thin, psilate nexine about 1.0 miocron thick or less, form-
ing A smnnth central bady enclosed completely by sgexine
whioch 1s closely appressed to, or only locally separated
from, the nexine non the proximal and distal surfaoces.
Sexine 1s glightly nmore inflated at the equatorial reglon
where sometimes oompactly spaced, small vesioculate con-
volutinns may form a saccus. Density of convolutions on
oroximal surface variable. Convolutinns usually extend
distal tn the equatnr and surrnund a smonth, more or less
unnmamented, circular to subeclircular leptoma which ransges
from 6 th 22 micra in dlameter. Sexine omamentation
sradational from densely spaced, clrcular tn subciroular
convolutions, to lonsely spaced, narrow and elongate sinu-
Nnus convnlutions. Ralsed trilete laesurae are rarely
present on the proximal sexine.

Dimensions: Total diameter 27 (31) 36 miora
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DISCUSSION 3

This specles is structurally indistinguishable from

T. megnznicus. It even exhibits the same morphonlogloal

trends oited above T. mesnzolous, with the exceptimn that

the trends do not appear tn correspond to a size gradient.
A strongly bimndal size distribution pattem exists between

this species and Z. mesozolcus, and is thus the primary

criterion for reonsnizing the two specles. The specles
1s present in many "Red Beds" samples but i1s invariably

relatively rare.

Genus VITREISPORITES (Leschik) Jansonius

1950 Pityoponllenlites Reilssinger.

1955 Vitreispnrites sisnatus Leschiks; p. 53, pl. 8,

Tfig. 10, type species.
1958 Caytonipollenites Couper; p. 149,

1962 Vitreisporites (Lesohlk) Jansonius; p. 55.
DIAGNOSIS:s l

Bisaoocate pnllen grains, small, equatorial outline
nval. Exine two-layered. Distal surface of oval to sub-
circular central boéy bears wide sulcus or leptoma flanked
by nexinal lips. Proximal cappa infrapunctate; marginal
crests may or may nnot be present. Saccl large relative to
central body, menerally semi-cirocular, inflated, equatori-

Ally attached, finely infraretioculate, only slightly distally

pendant.
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DISCUSSION?

The genus Caytonipollenites was erected by Couper

(1958) to enommpass pollen grains of the type found in
male fruotifiocations nf the Mesonzolc pteridosperm

Caytonanthus. It 1s a Jjuninr synonym of Vitrelsporltes.

Al though morphologically distinguishable from the pollen
nf the Abletineae and Podocarpaceae, 1t possibly may have
been produced by pteridnsperms other than the Caytoniales.

Vitrelsporites pallidus (Reiss.) Nilsson

Plate 15; Pigs. 1, 2
1938 Pityosporites pallidus Reissi p. 14

1950 Pityopollenites pallidus Reiss.; p. 115, figs. 1 - 5.

1955 Pollen of Masculostrobus E. Carp. in Deles. & Sprum.;

p. 51, fig. 6.

1958 Caytonipollenites pallidus (Relss.) Couper; pp. l49-

150, pl. 26, figs. 7, 8.
1958 Vitreisporlites pallidus (Relss.) Nlisson: PpP. 77-78.
DESCRIPTION 3

Bisncoate pollen; equatorial nutline oval. Central

body nval to subciroular, slightly longer than 1t is wilde;

nexine of central bndy very thins sexine of proximal cap

thin and finely infrapunctate. Central body marked by a

parallel-sided or laterally conoave sulcold leptoma, 3.0 =

7.0 miora wide, extending entire length of central body.

Saccl semi-oclroular in pnlar view, attalning a maximum

length equal to length of central beady, slightly distally

pendant, distal saccus bases laterally bound the sulcold
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leptoma. Sacol finely infraretlioulate, retioulum‘exhibit-
ing tendenoy toward radial linearity; sacol merge proximally
with sexine of oappa. | |
Dimensions: Total width 24 (28) 135 micra

Length central bedy 14 (17) 20 miora

Width central body 10 (12) 13 miora

Length sacous 14 (17) 21 micra

Width saccus 10 (13) 15 miora
DISCUSSION:

This comparatively small, probably pteridospermous
pollen oocours rarely in the Michigan “Red Beds".
Genus ALISPORITES Daugherty, 1941;
restr. Potonle & Kremp, 1956
1941 Alisporites opil Daugherty; p. 98, pl. 34, fig. 2,
(type species).

1956 Alisporites opli Daugherty; restr. Pot. & Kremp,
po 1?6 - 177' figo 82.
1959 Alisporites Daugherty, emend. Rouse3 p. 314, pl. 1,

figs. 10 - 16.
DIAGNOSIS:

Bisacoate pollen grains; equatorial outline, inocluding
saccl, more or less nval. Central body usually not olearly
defined; length of central bondy equal to that of sacoci.
Sacocl thin, infrareticulate, only slightly distally pen-
ant, nocasionally equatorially oonnected. Distal face
marked by narrow sulcus or leptoma which 1s flanked by
parallel-sided dlstal saocous bases. Proximal sacous bases

merge with relatively thin sexine of cappa.
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DISCUSSIONs

The more definitive generic diasnosis of Potonie and

Kremp, 1956, 15 here favored over the emendation of Rouse,
1959. Ponllen of the genus Alisporites may have taxonomic
affiliations with the family Pinaceae,
Alisporites sp. "A"
Plate 15; figs. 5 - 7?7

DESCRIPTIONt

Bisaccate pollen grains; bronadly oval in equatorial
outline; ends of saccl somewhat blunt; central body oval to
subeciroular, its length being longer than its wlidth.
Nexine very thin, of indeterminate thickness, pslilate;
sexine of ocappa thin, less than 1.0 mioron thiock, finely
infrapunctate; a faint marginal orest may sometimes be
developed only at the proximal saccus bases. A wide, more
or legs oval-sgshaped sulonid leptoma occupies most of distal
surface of ocentral body; exine of leptoma véry thin, hyaline,
psilate; leptoma bnrdered laterally by thin, indistinct
distal saoous bases. Saccl slightly distally pendant,
length equal to or only slightly less than that of central
bondy, moderately inflated, somewhat flattened distalo-
proximally, infrareticulate, with lumina up to 3.0 micra
in diameter. Proximal sacous bases attached approximately
at equatorlal margin of cappa. Saocus bases not constrioted
at point of attachment to central body.
Dimensions: Total width 50 (S55) 61 miora

Length central body 42 (46) 52 miora

Width central body 27 (30) 34 miora
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Length sacous LO (44) 48 micra
Width saococus 17 (21) 24 micra
DISCUSSION:

This speoles ocours infrequently in the Mlchigan
"Red Beds",

Allsporites sp. "B"

Plate 153 figs. 8, 9
DESCRIPTION

Bisaocate pollen grains; broadly oval to subciroular
in equatorial outline, ends of grains unlformly rounded.
Central bndy oval to suboirocular, only slightly longer than
it 1is widej outline of central body and cappa indistinot
due to thin exine and laock of marginal orest development.
Exine two=layered; nexine very thin, of indeterminate thiok-
ness, psilate; sexine of oappa less than 1.0 micron thick,
finely infrapunctate. An oval-shaped sulous, having a
maximum width up to 15 miora at distal polér area, tra-
verses almost entire length of central bondy. Sulocus flanked
by thin, concave distal saccus bases. Strongly orescentlo
sacel equal to length of central bodyi proximal saoccus
bases attached approximately at equatorial regilon of cappa;
sexine nf saccl merges with sexine of oappa wlthout con-
striction of saccus bases, thus imparting the uniformly
nval equatorial oontour of the entire grain. Saccl rela-
tively narrow, proximal saccus bases more strongly concave
than distal saocous bases. Saccl infrareticulate, only
slightly distally pendant. Saccl nearly but not quite

continuously united at equatorial marsgin.
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Dimensionst Tntal width b1 (49) 56 miocra
Length central body 45 (47) 51 miora
Width central body 30 (36) 139 miora
Length saoous Lkh (46) 48 micra

Width sacous 17 (19) 22 micra
DISCUSSION

The rounded equatoriasl outline and oresocent shape
of the sacol distinguishes this very rare species .from

Alisporites sp. "A".
Alisporites sp. "C"

Plate 163 figs. 1 - 3
DESCRIPTION:

Bisacoate pollen grainsg; elongate nval in equatorial
outline, ends nf sacol uniformly rounded to bluntly pointed.
Central body pval in equatorial outline, width greater than
length. Exine two-layered; nexine of oent?al body thin,
of indeterminate thiockness, psilate; sexine of cappa infra=-
punctate, less than 1.0 miocron thiok, and of uniform thiock-
ness exocept for appareﬁgfﬁarglnal thickenings oocourring
between the oappa and the proximal sacous bases. Dlstal
sulous traverses more or less entire length of central
body, up to 17 miocra wide at distal polar area, tapers
toward longitudinal extremities, flanked by thin, stralght
to slightly concave, distal saccus bases. Saoccl semi-
circular to orescentio in equatorial outline, moderately

inflated, slightly distally pendant; proximal saocous bases

attached at or just proximal to the equatorial margin.
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Saccl equal to or slightly longer than léngth of central
body; sacol almost but not quite obntinuous around equa-
torial margin of ocentral body, and cover most of the distal
surface of grain except for the area oocupled by distal
sulcus. Sacci infraretioulate, retioculum up to 2.0 micra
in diameter. Saccus bases not constrioted at area of
attachment with sexine of central body.
Dimensions: Total width 56 (63) 69 miora
Length central body 32 (37) 40 miora
- Width central body 37 (42) 48 miora
Length sacous 36 (40) 44 miora
Width saccus 23 (25) 26 mlera
DISCUSSIONt

This specles, which may belong in the genus Podocarpil-~

dites, ocours rarely in the Miochlgan "Red Beds", having
been observed only a few times.
Genus PITYOSPORITES (Seward, 1914) emena. Manum, 1960
1914 Pityosporites antarcticus Seward; p. 23, pl. 8,
fig. 45, type species.
1954 Pityopsorites (Seward) Potoni& & Klaus; p. 534.

1958 Pinuspollenites Raatz ex Potonié; p. 62.

1960 Pityosporites (Seward) Manum; pp. 11 - 15, pl. 1,

figs. 1 ~ 4.
DIAGNOSIS:
‘ Bisacoate pollen grains; exine two~layeredj sacocl
inflated, infrareticulate, distally pendant, oonstriocted

at thelr bases of attaohment and set off from ocentral body.
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Saccl extend ontn distal surface and distal saccus bases
are separated by a narrow sulous or leptoma; proximal
saccus bases attached equatorially or may extend p:oximally
ontn cappa where they merge with sexine of oappa. Nexine
thin and smooth; aexine of cappa may be infrapunotate; sur-
face of cappa usually smooth or nnly finely sculptured.
Exine of cappa of mnderate thickness and without conspilocuous
thickening toward roots of sacot.

DISCUSSION?

Unlike that of Potonié and Klaus (1954), the emended

diagnosis of the genus Pltyosporites by Manum (1960) was

founded on a re-examination of Seward®'s holotype. NManum
found that the generic dlagnosis of Potonié and Klaus
excluded the type speeles. His restrioted diagnosls elimi-
nates some of the confusion pertaining to the taxonomio
treatment of fossil bisaccate pollen, especially those

nf the Paleonzolce and Mesozolc. FPollen inciuded in the
genus are morphologloally similar to those of the Pinaceae,
but the relation is equivoonl, and some specles may even

be of pteridospermous affinity.

Pityosporites sp. "A"

Plate 15; figs. 10 - 14
DESCRIPTIONt

Bisaccate pnllen; outline broadly oval; central body
oval to suboircular in equatorial outline, slightly longer
than 1t i1s wide. Psilate nexine less than 0.5 mioeron thiok;

sexine nf cappa thin, finely mioro-convolute to mioro-rugulate;
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weakly developed marginal orests present at lateral ex-
tremities of ocappa. A sulcoid leptoma, comprised of thinned
distal exine, is flanked by thin, slightly ooncave, dlstal
sacous bases; sulonid leptoma traverses almost entire length
nf central body, 1s mnre nr less oval in outline, averag-
ing 17 miora at 1ts greatest width at the distal polar
region. Sacol somewhat inflated, distally pendant, ores-
centic to almost semiolroular in polar ocutlinej enveloping
the central body distalo-equatorially; proximal sacous

bases join central beody slightly distal to the equator,
merging with sexine of cappa. Saccus bases very slightly
constriocted at area of attachment to central body. Saccus

lenzth equal to or only slightly less than length of gcentral

body.
Dimensions: Total width 38 (44) 52 miora
Length central body 34 (37) 48 miora
Width central body 31 (35). 43 micra
Length individual sacous
32 (36) 46 wmiora
Width individual saccus
15 (17) 23 miora
DISCUSSION3

This distinot pollen 1s always rare in the Michigan

"Red Beds", but has been observed in a number of samples.
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Genus PODOCARPIDITES Cookson & Potonid&, 1958

1947 Podocarpidites ellipticus Cookson; p. 131, pl. 13,

fig. 93 type specles.

1958 Podocarpidites elliptiocus Codksoni in Potonié; p. 683

designation of type specles.
DIAGNOSIS:

Bisacoate pnllen grains; distinct central body ocirou-
lar to oval in equatorial outline. Sacol inflated, dis-
tally pendant, extend onto distal surface where they flank
a bronad sulcold leptoma; saccl infrareticulate; retioculum
sometimes exhibiting a radial alignment, Saoccl usually
but not always longer than central body. Cappa relatively
thick, may be infrapumctate, and surface may be roughened,
granulnse, rugulate, or oconvolute; oappa frequently with
thiokened sexinal marginal orest which may ocompletely
surround oappa or may be restrioted to the area between
the cappa and the proximal saccus bases.

DISCUSSION:

The above dilagnesis 1s intended to enoconmpass fossil
pollen similar to those of the modem famlly Podooarpaceae.

The form-genus Podnoarpidites does not however inoclude

pollen of podoocarpaceous affinity having more than two

saccl, as proposed by the unaocceptable emendation of Couper,
(1953).
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Podoocarpldites sp. "A"
Plate 16; fig. 4

DESCRIPTION s

Bisacoate pollen; central body oval to suboliroular
in equatorial outline, slightly longer than wide. Nexine
thin, about 0.5 mioron; sexine of ocappa thin and finely
infrapunctate. Marginal orests narrow, muoch more pronounced
at lateral margins of ocappa. Exine of distal face of cen=-
tral body psilate, considerably thinned over most of the
distal surface to form a leptoma flanked by narrow (up to
4L.0 miora wide), oonoave, orescentic lips, whioch also form
distal saocous bases. Individual sacol well inflated, dis-
tally pendant, more or less semi-olroular to orescentio
in polar view, with length considerably longer than that
of central body. Saocoi infraretioulate, with lumina up
to 2.0 micera in diameter; sacol jnined by a narrow sexinal
band about 2.0 miora wide around the longlfudinal equa-~
torial margin of oappa; proximally the sacol merge with
sexine of oappa.
Dimensions: Total wldth of pollen 66 mlora

Length ocentral body 34 miora

Width ocentral body 30 miora
Length sacocl 41 miora
Width sacol 26 miora

DISCUSSION:

The above interpretation 1s based on a single speocl-

men obgerved rom the Miochigan '"Red Beds".
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Podoocarpidites sp. "B"
Plate 16; figs. 8 - 11

DESCRIPTION$

Bisacoate pollen grains; broadly oval in outlines
central body subcirocular to subreotangular, frequently
slightly wider than it is long. Nexine less than 0.5 micron
thlok, psilate; sexine of cappa finely convolute, convolu-
tions becoming more intense toward equatorial margins of
capra. Along longitudinal equatorial margin of central
body, the oonvolutions form a consplounus, somewhat distally
disposed, marginal frill about 3.0 - 4.0 miora wide. This
highly convolute marginal frill joins with and oonnqcts
the saoci around the margin of the cappa. Exline thinned
and psilate almost over entire area of distal face of ocen-
tral body to form a leptoma flanked by parallel-sided,
thickened llﬁs which apparently are colnocldent with distal
saccus bases, Leptoma oval teo subreotanguiar in outline,
averages 24 miora in length and 17 miora in width. Saccl
more or less semioclroular in polar outiine, moderately
inflated, slightly longer than or equal to length of cen-
tral body, sexine of saccl tends to be radially folded and
the infrareticulum 1s also smmewhat radially aligned.
Proximal bases nf saccl attached at margin or Jjust distal

to margin of cappa; sexine nf sacol merges with sexline

nf ocApDA,
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Dimensions: Total width 50 (55) 65 miora
Length central body 26 (30) 39 micra
Width central body 26 (28) 32 micra
Length saoocus 28 (32) 40 miora
Width saocus 19 (21) 25 micra
DISCUSSION s

The oomparatively wide central body with straight-
sided longitudinal cappa margins bearing a frill-like
marzinal crest conneocting the saccl, are the most dliagnos-
tic features of this rarely occurring species.

Genus PHYLLOCLADIDITES Cookson, 1947 ex Couper, 1953

1947 Disacocltes (Phyllooladidites) mawgonil Cookson;

p. 133, pl. 14, figs. 22 - 28,
1953 Dacrydiumites mawsonii (Cookson) Conokson; p. 38,

pPl. 9, fig. 135 (type specles).
1953 Daorydiumites mawsonii (Cookson) Cooksoni p. 66,

pl. 1, figs. 9 - 26.
1957 Dasorydium mawsmnii (Cookson) Cooksoni p. 53.

1960 Dacrydiumites mawsonili Cookson; Couper, p. 43, pl.

figs. 7, B.
DIAGNOSIS:

Blsaccate pnllen grains; equatorlal nutline of dis-
tinct central bondy oircular tn oval. Sacecl generally
smAll, sometimes nnly slishtly inflated, with indistinct
infrareticulation, strongly distally pendant and may be
disposed entirely on dilstal surface. Distal sacocus bases

flank a well defined sulcus. Sexine nf saccl commonly
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thick and rigid. Sexine of cappa usually thick, may be
infrapunctate, zranulate, rugulate, or onnvolute. Cappa
frequently extends beyond equator ontn distal surface.

DISCUSSION:

Fossil pollen belonging to the form-genus Phyllocladi-

dites are probably of pndocarpacenus affinity, and par-
tioularly resemble the ponllen of Dacrydium. In denoting
this prnbable taxmnomic affinity with Dacrydium, Cnokson

(1953) changed the name to Dacrydiumites, aAnd later (Cnokson,

1957) referred these fnssil pnllen to the natural genus

Dacrydilum. In that Phyllocladidites 18 a valid form-genus,

the erection of the genus Daocrydiumites by Conkson is

unwarrented, and the use of natural plant taxa f»or sopnrae

dispersae 18 unacoeptable.

Phyllocladidites sp. "A"

Plate 18; figs. 1 - 5
DSCRIFPTION 3

Bisaccate pollen grains; central bndy and distinct,
thickened cappa noval in equatorial outline; central body
wider than 1t 18 long; saccl may or may not extend beyond
the equatorial nutline of central body 1n polar view.

Exine two-layeredi nexine thin, about 0.5 miocron thi?kg
psilate; sexine of cappa 1.0 tn 1.5 micera thxok,'oénspiouous
omamentation cnarsely &ranulate to verrucate. At each
lateral extremity of the cappa, a thickened, rounded,
sexinal protrusion up to 4.0 micra long and 8.0 miora wide

at the base, has been nbserved on some grailns. These
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protuberances are formed at the equatnrial margin of the
oappa and are lnocated Just proximally to the proximal

saccus bases. Sacol relatively small, more or less fully
inflated, rounded, snmewhat bulbous, and greatly oonstricted
at thelr ronts; maximum length of saccl snmetimes slightly
czreater than length of central body. Both unthickened
gsacous bases attached on distal surface of central bndy;
maxinum length of saccus bases oonsideradbly less than length
of central body. Infrareticulum of sacocl indistinot;

radial sexinal folds sometimes developed near distal sacocus
bases. A poorly delimited leptoma nococuples the area of

the distal surface between the thin, indistinct, distal
sacocus bases, Distal leptoma onmprised of thin, psilate

exine, averages about 7.0 miora wilde at distal polar reglone.

Dimensions: Tntal width 34 (39) 43 miora
Length central body 28 (31) 34 miora
Width central body 33 (37) 39 micra

Length sacous (maximum) 23 (27) 131 micre

Width saocus 13 (16) 18 miora
DISCUSSION 3

The lack of well develnped thickened saccus bases,
and the presence of a thiokened exinal protrusion at the
equatorial lateral extremities of the cappa on some specl-
ments, are the diagnonstic features of this rarely nccurring

specles.
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Phyllocladldites sp. "B"

DESCRIPTIONS

Bisaocate pollen grains; central body oval in equa-
torial outline: width of central body greater than length;
in polar view, sa0ol have an irregular outline, and usually
extend beymnd equatorial outline of central bondy at its
1ateral extremities. KExine two-layered; psilate nexine
thin, about 0.5 mioron thiok; thiock sexine of ocappa up to
2.0 miora in thiockness, surface verrucate to rugulate or
convnlute. Distinct oappa and 1ts omamentation barely
extend onto the distal side of the equator, and surface
nmamentation of cappa can be observed in 6ptlcal section
projecting at the equatorial margin of the cappa. Sacci
distally pendgnt, mnderately inflated, often collapsed,
relatively wide and sharply rounded to somewhat pointed
At their lateral extremities. Infraretiouium of sacol
indistinot; sexine of saccl often radially folded; radial
folds particularly noticable nn distal surface of sacol.
Lenath of sacol almnst as great as that of central body;
sacel little if at all constricted at thelr roots, and
maximum length of saccl nocurs At or near the distal saccus
bagses. Proximal saccus bases attached distal to the equator
of cAappa, and sometimes may be marked by sexinal thicken-
ings. A well defined sulous or sulcnid leptoma 1s flanked
by thickened, parallel-sided sexinal lips which ocorrespond

to the distal sacous bases, Cnnsplounus distal saccus
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bases up to 4.0 mlecra wide at theilr center and generally
taper toward their longitudinal extremities; length of
Alstal saococus bages equal tn or only slightly less than
length of central bady. Sulcus traverses more or less
entire length of central body, uniform in width 5.0 to

3.0 miora wide, and terminates abruptly at its longitudinal
extremities against the thickened equatorial margin of the

ecappa. The sulcus thus assumes a somewhat reoctangular

shape.

Dimensionst Total width b1 (44) 49 miora
Length central body 27 (29) 31 micra
Width ocentral body 33 (33) 35 miecra
Length-sacous 25 (27) 32 miora
Width saocous 17 (22) 24 miora

DISCUSSION

Dlstinguishlnq features of thlis rare species are the
frequently oollapsed, relatively wide sacol having an
irregular outline and more or less pointed ends, as well
as the pronounnced thickened distal saccus bases whioh
flank the rectangular shaped sulcus. The cappa ormanenta-
tion 18 variable but always comparatively ooarse.

Phylloocladidites gp. "C"

Plate 18; figs. 11 - 14
Plate 20; figs. 9 - 12
DESCRIPTION

Bisacoate ponllen smrains; central body oval in equa-

torial outlines width of distinct central body greater




169

than lengthi in polar view, saccl dn not extend far, if
at all, beyond equatorial outline of lateral extremitles
nf oentral body. Exine two-layered; nexine about 0.5 micron
thick, psilate; sexine of oappa 0.5 to 1.0 micron thilck,
finely infrapunctate, surface nf oappa granulate to flnely
verrucate or eonvolute. Sacol narrow, moderately inflated,
strongly distally pendant, attaohed on distal side of
central bndy; distal and proximal saccus bases not widely
spaced, aAand the saocol tend to be somewhat flattened proximo-
distally. Sexine of sacol thick and dense, partlioularly
at thelr lateral extremities, and wlith indistinct infra-
reticulum. Lateral extremities of saccl bluntly rounded;
saccl sometimes bear radial folds near thelr roots, and the
blunt, lateral terminations are often convnlute. Length
nf sacol equal to or slightly less than length of central
body. Proximal sacous bases attached dlsta} to equator,
and are little if at all thickened; distal saccus bases
much thlokened, extend almost full lenath of ocentral body
to form parallel-sided lips up to 3.0 mlora thick flanking
distal sulecus. Distal sulcus 7.0 to 10.0 micra wide, of
more nY less uniform width, extends almost full length of
central bndy, and abuts at its longltudinal extremities
against the thiokened sexine at the equator of the ocappa
to glve a rectangular onutline to the sulcus.
Dimensions: Total width 27 (32) 138 nulcra
Length central body 22 (26) 29 miora
Width central body 24 (29) 35 micra
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Length saoous 23 (25) 28 miora

Width sacous 9 (12) 14 miora
DISCUSSIONt

This species 1s similar to but differs from Phyllo-

oladidites sp. "B" in possessing more narrow, flattened,
strongly distally pendant saocci having blunt to broadly
rounded ends, and a less pronounced nmmamentation of the
cappa. The apéoles is always rare,

Phyllooladidites sp. "D"

Plate 193 figas. 1 - 3
DESCRIPTIONS

Bisaocoate pnllen grains; ocentral body elongate oval
in equatorial outline, wildth greater than length; lateral -~
extremities of ocentral body sometimes somewhat sharply
rounded. Exine two-layered; nexine of cappa thin, of
indeterminate thlokness; sexine of ocappa rglatlvely thin,
less than 1.0 mioron thiok, infrapunoctate, surface of cappa
granulate tn punctate. At lateral extremities of ocentral
bndy, oappa extends onto distal side of equator. HReduoced
saccl weakly inflated, collapsed, thin, narrow, with lensgth
slightly leass than that of central body. Saoccl strongly
distally pendant, attached entirely on distal surfacej
proximal and distal saccus bases closely spacedj in polar
view, saccl do not extend beyond equator of central body.
Sexine of cappa faintly infrareticulate to infrapunotate,
thickened and with convolute folding at lateral extremi-

ties of ssoco0i. Distinct distal saccus bases thilokened,
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up tn 2.0 miora thiock, extend almnst entire length of ocentral
bndy, and flank a wide sulous or leptoma 11 to 15 micra in
width. Proximal sacocus bases considerably less thlckened
than distal sacous basges.
Dimensions: Total width 34 (36) 38 micra
Length central body 26 (29) 32 miora
Width central body 34 (36) 138 miora
Length sacous 24 (26) 28 miora
Width sacous - 11 (13) 14 miora
DISCUSSION3

Only a few speclimens of this rare species have been
observed from the Miohigan "Red Beds".
Phyllooladidites sp. "E"
Plate 193 figs. 6 - 11
DESCRIPTION s

Bisaoccate pollen grains; central body'oval to sub-
circular in equatorial outline; length of central body
usually slightly greater than width;i in polar view, sacol
do not usually extend beymnd equatorial outline of central
bndy. Exine twon-layered; thin nexine of indeterminate
thiockness; sexine of distinot oappa 1.0 to l.5 miora thick,
surface of ocappa finely granulate, punctate to mlcro-oconvolute.
A band of thiokened sexine up to 3.0 mlicra wilde 1s often
presengﬂaﬁ the equatnrial margin of ocappa. Cappe extends
onto the distal slde of equator at 1ts lateral extremitles.
Sacol thin, narrow, weakly inflated, frequently collapsed,

attached entirely on distal surface of ocentral body,
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strongly distally pendant, length of sacol usually less
than, but sometimes equal to, length of central body.
Outline of saccl rounded. Saoccl thickened, dense, and
nften oonvolutely folded at their lateral extremities.
Saccl finely infraretioculate to infrapunctate. Proximal
and distal saocus bases moderately thickened, oclosely
spaced, and both on distal surface of central body. Distal
saccus bases more thiokened than proximal saococus bases,
extend approximately three-fourths length of central bvody,
and form more nr less parallel-sided 1lips about 2.0 micra
wide flanking distal sulcus nr leptoma whioh ranges from
7.0 tn 11.0 mlora in width. Sulocus extends almost. full
length of central bndy, may be slightly wider at longil-
tudinal extremities.
Dimensiomns: Total width 29 (34) 38 milora
Léngth central body 30 (33) 35 miora
Width central body 28 (30) .31 micra
Length saccus 25 (28) 30 miora
Width saocus 11 (15) 20 miora
DISCUSSION3

The almost olrocular equatnrial outline nf the central
bndy having A length slightly greater than its width, and
the rim-=1like marginal crest, are among the dlstinguishing

features of thls rarely ooourring speocles.
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Phyllocladidites sp. "E"

Plate 193 figs. 12, 13, 15 - 18

DESCRIPTION1

Bisaoccate pollen grains; central body nval to sub-
circular in equatorial outline, usually slightly longer
than wide. Exine two-layered:; psilate nexine of indetermi-
nate thickness; sexine of cappa up tn 2.0 miora thick, some-
what inflated, surface of cappa rugulate to ocnnvolute,
A marginal orest comprised of inflated, convolute sexine
may be present. Sacol strongly distally pendant, thin,
nmoderately inflated, length equal to or greater than length
of central body, infraretioulum very fine and sometimes
indistinoet; saccl sometimes bear radlally oonvolute folding
near the distal sacous bases; terminal extremlties of saoccl
rounded. Both distal and proximal saccus bases are on
distal side of cappAa. Proximal and distal sacous bases
conspicuously thiockened, more or less parailel to each
other, and are comprised of rounded, sub~cylindrical bars
nf thickened, dense, opaque exine. The distal sacocus bases
Are almost as long As maximum length of central body;
proximal sacous bases are approximately half as long as
distal sacous bases. Both sacous bases merge at their
longitudinel extremities with a similar, sometimes incom-
pletely oval bgnd of thiockened exine whioh encircles the
cappa at the equatorial reglon. The sacocus bases and the
equatorial band are more or less in a single plane. The

oval shape of the equatorial band may be disrupted at the
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1nteral extremities of the central bndy where it 1s some-
timea recessed and merxes with the proximal saocus bases.
The parallel-sided distal sacocus bases are 2 to 3 micra
thick, and flank an elengate oval sulocus, whlch extends
almnst the entire length of central bndy. Sulcus averages
29 micra in length, 9 micra in width, and 1s delimlited
laterally by the distal saccus bases and longltudlnally
by the equatorially thickened band of exlne.
Dimensinons: Total width 31 (36) 42 mioera
Length central body 13 (37) 40 micra
Width central body 27 (31) 34 umicra
Lenzgth sacous 34 (38) 41 micra
Width saccus 14 (17) 18 wumicra
DISCUSSION:

The strupture and confimuration of the thickened
saccus bases and the thiokened exinal band at the equa-
torial region of the central bondy 1s the diagnnstlc aspect
nf this species. It ococurs rarely in the Michigan "Red
Beds". The above interpretatinn 1s based on five specimens.

Genus AUMANCISPORITES (Alpern) Jansonius

1958 Aumancispnrites striatus Alpem, p. 84, pl. 2, fig. 53

(type specles).
1962 Aumancispnrites (Alpem) Jansonius, p. 76.

DIAGNOSIS:

Bilateral pmllen grains; nval in equatorial outlineg
non-saccate nr pnssessina rudimentary terminal sacocl.
Proximal surface longltudinally striate; ribs (taenlae)

nccasionally befurocating; equatorial rib usually continuous.
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A transverse sulous, bnrdered by thickened parallel-sided
sexinal lips, traverses the distal pole.

DISCUSSION 1

This genus bears a striking morphological simllarity

to the genus Vittatina, from which it differs in possessing

a distal transverse sulcus flanked by thickened 1lips.
Pocock, (1964), considers Aumanoisporites to be related

to the chlamydospermae, and dilscusses in detall 1ts

similarity to the pollen of Welwitsohina.

Aumanol sporites cretaceus (Pocock) Poocock

Plate 163 figs. 12, 13
1962 Vittatina cretacea Poonck:; p. 703 pl. 123 figs.

- 181, 182.

1964 Aumanoclsporites oretaceus (Pocoock) Poocoock: p. 139 -

141; pl. 1, figs. 3 - 5.
DESCRIPTION ¢

Pollen grains lacking sacclil or wilth tﬁo very rudl-
mentary saccl disposed at the longitudinal extremities of
the grain just distal to the equator. Pollen bllaterally
symmetrical, oval in equatorial outline with broadly rounded
to blunt ends, width greater than length. Exine two-layered;
nexine transparent and hyaline, smooth, and thinner than
sexine. Sexine variable in thlokneés, up to 2.0 micra thick
nn proximal surfasce. Proximal surface ribbed with approxi-
mately 7 to 10 longltudinal striase; individual ribs 2.0
to 5.0 miora wide, teper towards ends and ocoasionally

branch; ribs separated by grooves about 0.5 micron wide.
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An apparently continuous rib enciroles the proximal face
equatorially and merges with the thickened and slightly
inflated sexine of the rudimentary saoccl at the longltudinal
extremlities of the grain. Distal surfaoce smooth, traversed
by a transverse sulocus whioh passes through the distal
polar area. Sulous almost as long as length of grain,
original width of sulous indeterminate due to ocollapse and
compression of the graini sulous flanked by two consplouous,
thickened sexinal lips, each about 2.0 to 3.0 miora wide.
Sexine of proximal striese and of rudimentary sacocl finely
infrapunoctate.
Dimensionsgs: Total length approximately 31 micra

Total width approximately 40 miora
DISCUSSION

Two speoimens of this speocles were observed, one of
which was in a poor state of preservation.- The figured
specimen 1s compressed, somewhat distorted, and the distal
sulous is ocnllapsed, but the dlagnostioc thickened sexinal
lips are distinguishable. The "Red Beds" speclimen conforms
to the description of Pooock (1964). Pollen of similar
aspect are common in Permian and some Lower Mesozolo strata

and, according to Pocock (1964), Aumanoisporites ocretaceus

is widespread in westem Canadian Lower Cretaceous sediments.
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PLATE 1

(A1l figures X 1000)
Cyathidites %%. A", Pb 5312, sl. 1,
coord. 37 - 6, diam. 3 28 micra.
Trilete spire "I" (of. Blretisporites).
Pb 36804, si. 1, onord. G7.7 - 119.5, diam.

25 miora. Filg. 2 - Focus on equator.
Fig. 3 - Frous on laesurae.

Trilete spore "H". Pb 3634, sl. 1, coord. -
50 - 128.6, dlam. 26 micra.

Trilete svare "E*. Pb 5330, 1. 8, coord. -
73.9 - 1205, dTam. @ 30 mlorn.

Trilete spore "C", Pb 5315, sl. 1, coord, =
3.8 ~ 116.8, dTam. 25 micra. Fig. 6 =
Fneus on equator. Fig. 7 - Fncus on

commi ssures,

Todispnrites sp. "A". Pb 5330, sl. &4,
ooord. 35.2 - 118.7, diam. 37 micrn.

Trilet: srore "G". Pb 5319, sl. 6, coord. -
11.9 <= 122.4, dTam. 36 micra. Flg. 9 -
Frous nn equator. Fig. 10 -~ Poocus nmn
leesurae.,

Trilete sp>re "M". Pb 5319, sl. 6, coord. -
41 - 127.1, diam. 26 miora.

Tedisporites sp. "B". Pb 5330, sl. 8,
crord. 33.4% - 125.%, diam. 37 miora. Fig.
12 - Focus on equatnr. Filg. 13 - Focus on
laegurne r£1d exine ormament.

Trilete srore "¥K", Pb 5330, sl. 6, coord.

.6 = 124.4 diAm. 46 micra. Fig, 14 -
Foous on laesurae and proximal surface
showing fine infrapunctation. Filg. 15 -~
Focus on equator showing two-layernd exine.

Calamnspora sp. "A". Pb 5330, sl. 7, coord.
. - 12:.6, diﬂm- '4'7 mlcl“a- FIR. 16 -

Foous on . equator. Flg. 17 - @oous on

commi ssure s.

Ur dete rmired trilete spore. 2b 5330, sl. 8,
ccord. 34.2 - 114.1, diam. 40 micrn.
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PLATE 2
(A1l figures X 1000)
Fig. 1, 2 Trilete spore "A". Pb 5330, sl. 6, coord.
L5.B - 113.4, diam. 28 miocra. Fig. 1 =

Poous on equator. Flg. 2 - Foous on
laesurae,

Fig. 3 Trilete spore "A". Pb 5315, sl. 4, oconrd. =
.3 = 125.5, dlam. 28 micra. Focus on
laesurae and punctate proximal surface.

Figs. 4, 5 Trilete spore "A". Pb 5315, sl. 2, connrd.
;g.z - 1 o“‘. dIam- 2 30 miora. Flgo b -
Foocus on equator. Fig. 5 - Focus on
laesurae.

Figs. 6, 7 Trilete spore "A"., Pb 5319, sl. 4, coord. -
;i;os - 1 e Jy diam. 22 mlora. Flgo 6 -
Foous on equator. Fig. 7 - Focus on
laesurae.

Figs. 8, 9 Trilete spore "A". Pb 5315, sl. 4, ocoord. -
49,7 - 125.8, diam. 23 miera. Fig. 8 -
Foous on equator and punotate surface.
Fig. 9 - PFoocus on laesurae.

Filzs. 10, 11 Trilete spnre "L" (of. Convolutisporites).
. P53315, BT 1, Sooord. = 33.9 - 157.8,
diam. 28 miera. Flg. 10 - Fpous on convo=-
lute distal surface. Fig.  ll = Focus on
laesurae and proximal surface.

Figs. 12, 13 Lycopodiumsporites sp. "A". Pb 3679, sl.
T% cnord. o4 = 120.8, diam. 32 micra.
Fig. 12 - Focus on equator and distal sur-
face. Fig. 13 - Foous non laesurae.

Figs. 14, 15 Trilete spore "D". Pb 5330, sl. 12, coord. -
37.8 = 125.8, diam. 36 micra. Filg. 14 =
Foocus on sinuonus raised lips. Flg. 15 =~
Foous on stralght ocommissures.

Fig. 16 Undulatisporites sp. "A". Pb 5330, sl. 8,
coord. 29.8 - 119.2, dlam. 27 micra.

Figs. 17, 18 Densoisporites sp. "A". Pb 3653, sl. 2,
onord. 40.5 - 115.4, diam. 53 micra. Fig.
17 - Focus on proximal surface and equator,
showing equatorlial separation of sexine
and nexine. Fig. 18 - Foous on opposite
.equatorial outline, showing equatorial
separation of sexine and nexine.
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PLATE 3
(All fisgures X 1000)
Verruonsisporites sp. "A". Pb 5330, sl. 1,
enord. - 43.5 - 124.3, diam. 35 micra.

Fig. 1 - Foous on onarse verrucae of distal
surface. Fig. 2 = Foous on laegurae.

Cingulatisporites of. C. distaverrucosus
Brenner. Pb 5330, sl. 8, coord. - 39.L =
120.4, diam. 29 miora. Filg. 3 - Focus on
verruoate distal surface and equator. Flg.
L4 -~ Foocus on laesurae and proximal surface.

Converrucnsisporites sp. "A". Pb 5319, sl. &,
coord. -~ 40.7 -~ .3, dlam. 32 miora.

Figs. 5, 6 = Two foous levels showing nature
of distal verrucae. Fig. 7 - Focus on lae=
surae.

Cingulatisporites c¢f. C. distaverrucnsus
Brenner Pb., 5330, sl. &6, ocrord. B5.2 = 117.8,

diam. 29 micra.

Cingulatisporites distaverrucnosus Brenner,

, 8L. 2, onord. 49.6 - 109.1, dian.
34 miora. Fig. 9 - Focus mn equatnr and
distal verrucae. Filg. 10 - Foous nn lae-
surae.

Trilete spore "F"*. Pb 53L5, sl. 4, coord.
40.7 - 123, diam. 23 miora. Flg. 11 =~
Foous on distal verrucae. Fig. 12 - Foous
on proximal surface and laesurae.

Trilete spore "F". Pb 5315, sl. 3, coord.
38.4 = 12I, diam. 24 micera. Fig. 13 -
Foous on distal surface. Flg. 14 - Focus
on laesurae.

Cingulatisporites of. C. distaverrucnsus
Brenner. Bb 5350, s8l. 5, coord. 38.2 -
122.2, diam. 30 miora. Fig. 15 - Foocus on
equator and laesurae. Flg. 16 - Focus on

verrycate to convolute dilstal surface.

Trilete spore "B"., Pb 5315, s8l. 2, coord.
;;-? - 1 0.9‘ dramo 32 miorao Flgt 1? -
Foocus on distal surface and equator. Fig.
18 - Foous on laesurae.
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Fig. 19 Lundbladispora. willmotti Balmej Pb 5330,
sl. B, cnord. 31.6 - 116.7, diam. 60 micra.
Overall aspect of spore showing distal
omanentation, ocavate nexinous central body,
and radial extremity of one laesura.
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PLATE 4
(A1l figures X 1000)

Figs. 1, 2 Trilete spore "J", Pb 3679, sl. 2, cnord.
0.3 - 113,7, diam., 65 miora. Fig. 1 =~
Foous on eguator showing clavate ormament
and proximal tetrad mark. Fige. 2 - Foous
on distal surfaoe showing distribution of
olavate processes.

Fig. 3 Cyocadopltes §2. A", Pb 5330, sl. 11, cnord.
EE -~ 118.4, Tength 39 miora.
Fig. 4 Cyocadopltes sp. "A". Pb 3653, sl. 3, coord.
39.3 - 122.8, length 38 miora.
Fig. 5 Cyoadopl tes sp. "A". Pb 5330, sl. 9, coord.
‘ of = <5, length 42 miora.
Flg. 6 Cyoadopites sp. "B". Pb 5319, sl. 6, coord.
E¥.2 - 125,6, length 33 micra.
Fig. 7 Cyocadopites gp. "B". Pb 5315, sl. 4, coord.
9.9 - 108.5, length 34 miora.
Fig. 8 Cyoadopites sp. "B". Pb 5330, sl. 4, coord.
E%.E - 125, length 35 micra.
Fig. 9 - Cyondopites sp. "B". Pb 5330, sl. 4, coord.

7.7 - 119.5, length 28 miora. Speoimen
with well developed thickened sexinal lips
flanking sulous.

Fig. 10 Cycadopites sp. "B". Pb 5315, sl. 4, coord.
3*.5 - 122.6, length 29 miora. Specinmen
with well-developed thiockened lips flanking
sulous,

Fig., 11 Cyocadopites sp. "B". Pb 3653, sl. 3, conord.
F3.1T - 128.6, length 29 miora.

Fig. 12 Cycadopites sp. Pb 5315, sl. 4, coord.

37 - 115.6, length 21 micra.

Figs. 13, 14 Ginkgoretectina sp. "B". Pb 5319, sl. 5,
cooxrd., 49,7 - 113.8, Tength 26 micra. Fig.
13 = Focus nn distal sBide showing sulcus
and punctate (corrnded?) exine. PFig. 14 -~
Foocus on equatorial outline showlng exine
structure,

Fig. 15 Cyocadopites sp. Pb 5329, sl. 6, ocoord. 38.5 -
.+ micra, length 42 miora.
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Cycadopites sp. Pb 5319, sl. 1, coord.
5.2 - 120.5, length 35 miora. This speci-
men appears to be infragranulate, and may
belong to C. subgranulosus Couper.

Ginkgoretectina sp. "B". Pb 3684, sl. 1,
coofs. 5G4 - 127.4, Iength 34 micra.

Specimen exhibits 1nfrasex1nal omamentation.

Ginkgoretectina 22 nB*, Pb 5330, s8l. 4,
ooofg 3.2 - 112.3, Iength 30 miora.

Chasmatosporites sp. "A". Pb 5330, sl. 1,
coord., 46 - 111.8, length 40 mlora. Focus
on distal surface and sulous. Thils may be
an aberrant or immature bisacoate pollen
grain with sacol.
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PLATE 5

(A1l figures X 1000 unless oatherwise indlocated)

FlRo 1' 2' 3

Figs. 2' 5,

-
~J

Fig. 8

Fig. 9

Flg. 10

Figs. 11, 12

Flg. 13

Me. 14

Figs. 15, 16

Cyocadopites subgranulosus (Cnuper) Pononck.
ﬁ%‘gﬁIgT‘EI.‘E, conrd, 30 - 128.6, length
49 micra. Figs. 1 and 2 = Two focus levels
showing overall aspect of grain. Fig. 3

(X 2000) - Foous levels showing infra-
granulate nature of sexine., Arrows point
to Ainfragranulatinn.

Ginkzoreteotina EB "A"., Pb 5319, sl. 2,
enord. J2.5 - 128.9, Tength 59 miora.

Pigs. 4 and 5 = Two focus levels showing
overall aspect of grain. Fig. 6 - Foocus nn
Tegillate sexine, Fig. 7 = (X 2000) Same
view as Fig. 6. Arrows indlocating tegillate
sexine.

Ginkgoreteoting of, ﬁR "A®, Pb 5330,
8L. 9, ocnord. Eo 7 - 11 2, Iength L6 miora.

gxesipollenites tumulus Balme. Pb 5319,
sl. 1, ooord. 40 - 122.5, dlam. 21 micra.

Exesipnllenites tumulus Balme. Pb 5315,

sl. 2, coord. 34.5 = 121.3, diam. 26 micra.
Exesipollenites tumulus Balme. Pb 5315,

sl. 1, coord. LB0.7 - 118.6, dliam. 3% miora.
Fig. 11 = Fnous non equator, showing project-

ing granules. Filg. 12 - Foous on exine
surface, showing soattered granules.

Exesipollenites tumulus Balme. Pb 5319,

s1. 1, coord. 8.0 - 128.6, diam. 25 micra.
Speolmen with granules olustered over distal
leptouma.

Exesipollenites tumulus Balme, Pb 5319,
sl. 3, ooord. 34.6 - 122, diam. 28 miora.
Specimen with granules scattered over exine
surface.

Spheripollenites scabratus Couper. Pb 5315,
sg. 1, ocoord. 40 - 129, diam. 36 miocra.
Filg. 15 - Foous on equator, showing smooth

surface nf exine. Fig. 16 - Focus on infra-
sexinal omamentation.







Fig. 1

Fig. 2

Fig. 3

Fig. 4

Figs. 5, 6, 7

Figs. 8, 9, 10

Figs. 11, 12,
13, 14

Fig. 15

Fig. 16
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PLATE 6
(A1l figures X 1000)
Spheripnllenites scabratus Couper. Pb 36573,
8l. 3, 00OTrd., 37.6 = 115.7, diam. 36 miora.

Broken speocimen revealing infrasexinal
nature of ormamentation.

Spheripnllenites seabratus Couper. Pb 5319,
8lL. 1, cONYA, 37.3 - 126.5, diam. 30 miora.
Specimen showing small leptoma (?7) or pit.

Spheripollenites scabratus Couper. Pb 3653,
Sl. [ Ooord. 3!.? - IZE.I’ dlam. 36 mlora.
Foous on distal surface showing failnt lep-
tomate pore.

Spheripnllenites scabratus Couper. Pb 3684,
slL. 1, ooord. 50.1 - 109.4, diam. 34 micra.
Phage cnntrast showing leptomate pore on
distal surfaoce.

Classopnllis sp. "A". Pb 5319, sl. 2, ocoord.
3.1 - 125, diam. G2 miocra. Fig. 5 - Foous
on equator showing infrabaculate "rods".

Fig. 6 = Foous on thickened sexinal band
distally bordering ring tenuitas. Filg. 7 -
Foocus nn distal polar reglon showing pore

and ooarse infrasexinal omamentation.

Classopollis gg. "A". Pb 3679, sl. 2, coord.
7. - 11 0?, iam. 44 micra. Fls. 8 -
Focus on equator and infrabaculate "rods®.
Fig. 9 = Foous nn ring tenultas and distally
flanking, thiockened sexinal band. Fig. 10 =
Foous on distal polar area, showilng coarse
infrasexinal omamentation.

Classopollis sp. "A". Pb 3653, sl. 3, coord.

L] - 11 .7. 1&111. 36 mlc‘r&. Fls. 11 -
Foous on equator. Fig. 12 - Foocus on ring
tenuitas and distally flanking sexinal band.
Fig. 13 - Focus on proximal polar reglon
showing triangular tetrad mark. Flg. 14 -
Foous non distal polar region showlng lepto-
mate pore.

Classopollis sp. "A". Pb 5319, sl. 5, coord.
37 - 155, diam. 33 miora.

Classopollls sp. "A". Pb 5319, sl. 1, conrd.
3.0 - 124.8, diam. 39 micra. Speocimen with
sonsplcuous equatorial infrabaculate "rods".
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Classopnllis gsp. "A". Pb 5319, sl. 1, coord.
39 - 110.2, diam. 32 micra. Foous nn triangu-
lar exinal thinning at proximal pole, and

on equatnrial infrabaculate "rods."

Classopollis sp. "A". Pb 3684, sl. 1, coord.
7o - 1 e ¥, iam. 3'4‘ micrae.
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PLATE 7
(All figures X 1000 unless indioated otherwise)

Fig- 1l Classopollls ap. "A". Pb 5313’ sl. 7,
—_LEETooord. e3 = 123.1, diam. 51 miocra. An
amormally large individusal.

Pig. 2 Classopollis classoldes Pflug. Pb 5330,
- I Y

, 0OOTrd. 32.7 = 115, dlam. of indiv-
i1dual grains @ 30 miora. A rarely oocourring
tetrad.

Figs. 3, 4 Classopollis olassoides Pflug. Pb 5319,
8l.

, coord. &b6.1 - 118.7, diam. 33 miora.
Fig. 3 - Side view of broken specimen with
portion of proximal hemisphere missing, show-
ing sexine, nexine, infra-sexinal nature of
equatorial striated band, ring tenuitas,
and distal pore lacking sexine. PFig. &4 -
Same specimen X 2000. Note that ring tenu-
itas (indiocated by arrow) is a thinned,
indentation of sexine which apparently
does not effect thiokneas of nexine. -

Fig. 5 Classopollis olassoldes Pflug. Pb 3712,
sl. 2 d

, coord. 45.5 - 113.1, dlam. 33 miora.
Compreased speoimen showing distal pore and
proximal triradiate tetrad mark.

Pig. 6 Classopollis classoides Pflug. Pb 5319,
BL.

, coord. 4F - 119.4, diam. 30 miora.
Side view showing thickened esquatorial band,
ring tenultas, thlckened sexinal band distally
flanking tenuitas, and distal pore.

Figs. 7, 8 Classopollls oclassoides Pflug. Pb 5319, sl. 2,
coord. 35 - 120.9, diam. 27 miora. Fig. 7 -
Foous on equator. Fig. 8 - Foous on proxi-
mal polar reglon showing triangular tetrad
mark comprised of thinned or absent sexine.

Figas. 9, 10 Classopollis classoldes Pflug. Pb 3653,
8l. s COO - ;E-E - II?.Z' diam. 28 miora.

Fig. 9 -~ Side view showing thickened equa-
torial sexinal band with infra-striae, and
ring tenuitas formed by sexine thinning.
Fig. 10 -~ Same specimen X 2000.

Figs. 11, 12 Classopollls classoides Pflug. Pb 3653,
311_5. coord. ;;-E - IISolg dlam. 27 miora.
Pig. 11 - Foocus on equator. PFig. 12- Foous
on ring tenultas and distally flanking
thiockened band.
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Pig. 13 Classopollis sp. "B". Pb 3684, s51. 1,
coord. B6.9 - I19.%, diam. 25 miora. Focus
on ooarse infragranulation of sexine.

Pig. 14 Classopollis classoides Pflug. Pb 3712,
sl. 2, ocoord. 35.8 - 120, diam. 26 miora.
Flg. 15 CIassogollis olassoides Pflug. Pb 3712, sl.
. [ ] 000 L] 0, - IizoI’ dl“. 29 -1°mo
Pig. 16 Classopollis sp. "B". Pb 3688, sl. 1, coord.
$2e5 = 127.3, diam, 29 miora. Lateral view,

showing coarse infrasexinal omamentation,
especially near equatorial region, and
squatorial striae.

Fig. 17 Classopollis sp. "B". Pb 3653, sl. 3, coord.
29.% = 118.9, diam. 30 miora. Speoimen
shows ocoarse infrasexinal omamentation.

Figs. 18, 19 Classopollis sp. "B". Pb 3679, sl. 2, coord.
50o8 = 131.8, “diamc 31 miora.  Fig. 18 -
Fosus on equator, showing pronownoced, radially

disposed infrabaculate "rods". PFig. 19 =
Foous on ocoarse infragranulation of sexine.

Figs. 20, 21 Classopollis sp. "B". Pb 3653, sl. 2, ocoord.
5.8 ~ 112.2, diam. 27 miora. Fig., 20 -
Foous on equator and infrabaculate "rods®.

Fig. 21 = Foous on ocoarsely infragranulate
gsexine, -
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Filg.

Fig.
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Piga, 6, 7

Flg.
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Pig.
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PLATE 8
(A1l figures X 1000)

Classnpnllis sp. "C*. Pb 3679, sil. 2,
coord. 35.1 -—f21.I, diam. 35 micra. Note
dense, npaque nexinal body enveloped by
loosely appressed, equatorially striated
sexine. Light area in oenter of nexinal
bndy represents distal leptomate pore,
prnximal tetrad mark, or both.

Classopnllis sp, *"C". Pb 5313, sl. 7, coord.
4y - I%E.f, dTam. 37 mlora.

Classopollis §2. #"c*, Pb 5330, s8l. 9, ocnord.

EI'."B"-El'Ié—. dTam. 30 miora.

Classopollis sp. "C". Pb 5330, sl. 4, ooord.
o7 - .8, diam. 28 miora. The light

area in center of opaque nexinal. body corres-

ponds to the distal deptomate pore comprised
of thinned or absent nexine snd sexine (7).

Classopnllis 25. »¢*. Pb 5330, sl. 8, ocoord.
8.7 = 122.3, diam. 23 miora.

Classopollls sp. "C". Pb 5315, sl. 4, coord.
Overall aspect showing npaque nexine and
loose, hyaline sexine. Fig. 7 - Foous on

light area (distal leptomate pore?) in
oenter of nexine.

Classo 01118‘55. “c". Pb 5312, sl. 3, coord.
5.7 - 111.2, diam. 26 miora.

Classopollis sp. Pb 3688, sl. 1, coord.
31.2 - 123.56, diam, 42 miora. Speoimen with
sexine lnosely appressed to nexinal central

body. Note arcuate equatorially striated
band of sexine,

Classopollis sp. Pb 5330, sl. 6, coord.
9.0 - 121.7, diam. 34 miora. Specimen
apparently lacking elther extra- or infra-
sexinous omamentation of any kind. Nnte
well developed distal leptomate pore and
conspiouous dark thickened sexine band
distally flanking ring tenultas.

Classnpollis sp. Pb 3653, Bl. 2, coord.
3 - «3, diam, 19 micra. A very small,
immature grain, posslbly of C. classoildes.
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Fig. 11 - Fnous equatorial outline. Fig.
12 - Poous on proximal surfaoce, showing
triradiate tetrad mark.

cr. gg;oiﬁlga meyeriana (Klaus) Venkatachala
and ozan. P 10, sl. 4, ocooxrd. 39.9 -
116.1, diam. of individual grains & 28
miocra. This may be a tetrad of Classopollls
in which the sexine has been corroded or
not presearved.

Eucommiidites tronedssonii Erdtman. Pb 5319,
sl. 2, ocoord, G2 - 124.8, length 38 micra.
Proximal-.distal orientation of compressed
grein showing "key-hnle"-shaped distal sulous
flanked by a palr of proximally disposed
arsuate tenuitates.

Eucommiidites troedssonil Exrdtman. Pb 5315,
sl. &, onord. Gh4.1 - 116.6, length 43 miocra.

Eucommiiditegs troedssoniil Exrdtman. Pb 5330,
sl. 6, COOYd. 7.4 - 122.4, length 35 miora.

Eucommiidites troedssonii Erdtman. Pb 5319,
sl. 2, coord. 42.6 = 121.4, length 38 miora.

Eucommiidites minor Groot and Penny. Pb 5319,
sl. 2, coord. 31.8 - 118.3, length 27 miora.
Note dark, thiockened sexinal lips flanking
distal sulcus. A palr of arocuate tenultates
are present near the equator on the proximal
surfaoce.

Eucommiidites minor Groot and Penny. Pb
s Bl. » ooo;a. “'2.8 - 118.7. lmsth
26 miora.

Eucommi idites minor Groot and Penny. Pb
miora.

Eucommiidites minnor Groot and Penny. Pb
3;:9, 81. -E. coord. ‘*5.8 - 111.6’ lengbh 24
miora.

Eucommiidites minor Groot and Penny. Pb
s, 81. 4, coord. 47.4 - 120, length
22 miora.
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PLATE 9
(all figures X 1000 unless indioated otherwise)

1, 10 Eucommiidites sp. "A". Pb 5319, sl. 2,
coord. EE.§ - 7.9, length 30 miora. PFig.
l =« Overall aspeot showing lateral symmetri-
cal folding at position of tenultates just
proximal to equator. PFig. 10 - Same speolimen
X 2000. Arrows point to infrapunctate
(tegillate?) sexine, and to infolded tenu-
itates flanking distal sulocus.

2, 3 Eucommiidites fg. WA®., Pb 5319, Bl. 1, coord.
LJ - e Je mstﬁ 31 mloml . Fig. 2 -
Foous on equator and diastal face. Arrow
points to infrapunctate (tegillate?) sexine.
Fig. 3 = Poous on pitted proximal surface.

&, 5 Eucommiidites sp. "A". Pb 5319, s8l. 5, coord.
o0 - -5y length 29 miora. Fig. -
Foous on distal faoe and sulous. Pig. 5 =-
Foous on pitted proximal surface.

Eugommildites of, gE. ®"A", Pb 5319, s8l. 1,
coord, G8.2 = 116, length 28 mlora.

7y 8, 9 Eucommiidites sp. "B". Pb 5319, s8l. 5, coord.
7.1 - 111.3, length 24 miora. Pig. 7 -
Foous on distal face and sulous. Fig. 8 -
Foocus on pitted proximal faoe. PFig. 9 -

Phase contrast. Foous on proximal face
showing large pits in exine.

11, 12 Eucommiidites sp. "B". Pb 3684, sl. 1, ocoord.
13, 14 B0.9 = 1173, T%ngﬁﬁ 22 miora., Plg. 11l =~
Foous on distal surface and sulous. Fig.
12- Phase contrast. Foocus on distal surface
and sulocus., Fig. 13 - Foous on pitted proxi-
mal surface. Flg. 14 - Phase contrast.
Foous on pitted proximal surface.

15' 16 Eucommiidites sp. "B". Pb 5315' sl. 1, coord.
- .8, length 26 miora. Fig. 15 -
Foous on distal face, Flg. 16 - Foous on
pitted proximal faoce.

17, 18 Eucommiidites sp, "B". Pb 5330, sl. 5,
coord. 37.95 - 116, Tength 23 miora. Fig.
17 - Poous on distal face. PFig. 18 - Poous
on pitted proximal face.

19, 20 Eucommiidites sp. "B*. Pb 3712, sl. 1,
coord. 36.% = 127, B, length 25 miora.
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Fige. 19 - Foocus on distal face. Fig. 20 =
Phase contrast., Foous on pitted proximal
faoe.

Eucommiidites s "g*, Pb 3653, sl. 3,

coord. 30.6 - ? 7, length 23 miora.

Fig. 21 - Foous on equator, showing terminal
aurioulate processes, Fig. 22 -« Foocus on
pltted proximal face. PFig. 23 - Phase
contrast. Foous on pitted proximal surface.

~ Pig. 24 ~ Phage oontrast, showing nature of

terminal aurioulate processes and outlines
of oval distal sulous and arouate proximal
tenul tates near equator.

Eucommiidites s »c*, Pb 5310, sl. 11,

c00 Ifz 3, length 28 miora. PFig.
25 = Ovorall aspeot of grain. PFig. 26 -
Phase contrast, showing outlines of terminal
aurioculate prooesses, oval distal sulous,
and flanking proximal tenuitates.

Eucommiidites s wc®, Pb 5330, sBl. 6,

coord. 3% -~ 122.9, Iength 26 miora. Pig.

27 - oous on distal sulocus and terminal
aurioculate processes. PFig. 28 - Poous on
pitted proximal surface. Flg. 29 - Phase
contrast. Foous on distal sulous and terminal
aurlicsulate process. Fig. 30 - Phase ocontrast.
Foous on pltted proximal surface.
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PLATE 10
(A1l figures X 1000)
ncu

Zonalapollenites .
Ooo;a EE 3 II ’ dYam.

1l - Foous on equator and distal fa

Pb 5315

33 miocra.

, sl. &4,
Flgo
pe show-

ing extension of oompaost convolutions of

sexine onto the distal face where
surround the small,
Fige. 2 - Foous on proximal face sh
closely spaced, olroular to oval s
sexinal oonvolutions.

Zanala ollenites sp. "C". FPb 5319
000 .8, diam. 32 miora.

they

oircular leptomate pore.

owing
haped

» 8l. 1,
Flg. 3 -

Fbous on oquator and distal face. | Note
small leptomate pore, surrounded by distal

- axtensions of ocompactly spaced sexinal oconvo-
lutions. Pig. 4 - Foous on proxlmal polar
region showing distribution of densely
spaoced sexinal convolutions. |

|
Zonalapollenites sp. "C". Pb 5330, sl. 8,
0o . . - 0.6,

dTam. 31 mloqa. Fig.

5 = Foous on equator and distal face, showing
relatively larger leptomate pore and less
intensely oconvolute sexine, Fig.|6 - Foous
on proximal face, showing comparatively
loosely spaced oonvolutions having elongate,
sinous outline, rather than a oirqular out-
line as in PFig. 2. Note triradiate laesurae.

Zonalapollenites sp. "C". Pb 5319, sl. 5,
coo [ .? - Z. [ ]

dfam. 32 miora. PFig.
7 - FPoous on equator and distal face., Note
relatively large leptomate pore surrounded
by less intensely oonvolute sexlnq. Fig.
8 - Foous on proximal face, showing loosely
spaced, elongace and sinuous sexinal
convolutions,

"c". Pb 5319,

Zonalapollenites sp. sl. 1,
coord. 46.4 - I11.5, dYam. 31 miora.

FlgB .
9 - Foous on equator and distal face.
Leptomate pore, covering much of distal faoe,
is poorly delineated by weakly oonvolute
sexine, Fig. 10 - Foous on extrepely elongate,
narrow, sinuous, and loosely packed sexinal
convolutions of proximal face. Contrast
with the oconvolutions as developed in Figs.
2, 4, 6, and 8. !

Figs. 5, 6

Figs. 7, B

Figs. 9, 10
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Zonalapollenites mesozoious (Couper) n.

oomb. %5 53515, sl1. 1, ocoord. 45.1, - 126.8,
diam. 41 miora. PFig. 11 - Foous on equator
and distal face, showing intensely oconvolute
sexine extending distally from the equator
and surrounding small leptomate pore. Filg.
12 - Foous on compactly spaced proximal sexl-
nal oonvolutions. Individual oconvolutions
suboirocular to oval in outline.

Zonalapollenites mesozolous (Couper) n.
ocomb, Pb 5315, sl. &, ocoord. 40.9 - 123.4,
diam. 46 miora. PFig. 13 - Foous on equator
and distal faoce bearing leptomate pore
surrounded by tightly oconvolute sexine.
Fig. 14 - Foous on proximal face. Convolu-
tions somewhat less densely spaced and more
elongate in outline than those shown in
Fig. 12.

Zonalapollenites mesozolocus (Couper) n.
ocomb. Pb 5315, sl. 2, ocoord. 48.4 - 126.4,
diam. 44 miora. PFig. 15 - PFoous on equator
and distal face. Note larger leptomate pore
and less intensely oconvolute sexine than
that shown in Fig. 11. Pig. 16 - Focus on
convolutions of proximal sexine.

Zonalapollenites mesozolous (Couper) n.
comb. PD 5319, sl. &6, coord. 34.9 - 113.1,
diam. 46 miora. Fig. 17 - Foous on equator
and distal leptomate pore. PFig. 18 - Foous
on oomparatively loosely paocoked sexinal
convolutions of proximal face. Note the
narrow, elongate outline of sinuous oconvolu-
tions as oompared to those in Fig. 12.
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Pigs. 1, 2

Pigas, 3, &

Pigs. 5, 6

Fig. 7

Fig. 8

Flg, 9
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PLATE 11
(A1l figures X 1000)

Zonalapollenites mesozolous (Couper) n.
ocomb. FPb 5330, sl. 11, ocoord. 31 - 115.8,
diam. 47 nlora. Fig. 1 - Foous on equator
and distal faoce, showing relatively large
leptomate pore and less intensely oconvolute
sexine surrounding leptomate pore. Pig. 2 -
Foous on loosely spaced, narrow, elongate
and sinuous convolutions of proximal sexine.,

Zonalapollenites mesozoicus (Couper) n.
oomb. PD 5319, &al. 1, coord. 4.6 - 124.6,
diam. 51 niora. Pig. 3 - Focus on oompara-
tively weakly oconvolute sexine at equatorial
region, and on leptomate pore oocoupying
much of distal face. Plg. 4 - Foous on
very loosely spaced, extremely elongate,
narrow and sinuous proximal oconvolutions.

Zonalapollenites mesozolicus (Couper) n.

oomb. FPb 5319, sl. 3, ooord. 35.3 = 1l1l6.4,
dism. 52 nlora. Fig. 5 - Foous on squator
and leptomate pore ocosupying most of distal
surface, Convolutions oococupying most of
distal surface. Convolutions of equatorial
and distal regions greatly reduced. Fig. 6 -
Fosus on proximal surface. Omanmentation
reduced to a few narrow, elongate, sinuous
oonvolutions.

Zonalapollenltes mesozolious (COuper) ne.
comb. BB 5319, sl, I, ocoord. 42.3 - 115.1,
dliam. &6 miora. Foous on proximal oconvolu-
tions.

Zonalapollenites of. Z. mesozoiocus (Couper)

n. comb, 2, sl. 1, cooxd. &3.7 =

122.5, diam. 55 miora. Foous on equatorial
outline showing large leptomate pore surrounded
by moderately oonvolute sexine. Specimen

bears triradiate tetrad mark on proximal
surfaoce. .

Zonalapollenites sp. Pb 5319, sl. 1, cooxrd.
R8.2 = 123.%, diam. S8 mlera. This speci-
men, simllar to the T. mesozoliocus type,
exhibits a degree of equatorial separation

of sexine and nexine common to the T.
damplerl type.
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Pig. 12
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Zonalapollenites sp. "A". Pb 5330, s8l. 5,
coord. 33 - 127.8, dism. 48 miora. Fig.

10 - Foous on sgquator and distal faoe, Note
equatorial separation of nexine and sexine,
and moderate to strong csonvolutions extending
distally from equator to surround lepto-
mate pore. Fig. 1l -~ Focus on proximal
sexinal convolutions.

Zonalapollenites sp. "A". Pb 5319, sl. 2,
a0 . ™ - e Jy d.tno ""8 miora- Foous
level deploting narrow, orenulate equa-

torial sacous and distal sexinal oconvolutions
surrounding small leptomate porxre.
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PLATE 12
(All figures X 1000)

Zonalapollenites ap. "A". Pb 5315, 8l. 1,
000 . . - Y& » dranc 53 miora. Fls.

1l - Foous on egquatorial saccus and distal
sexinal convolutions surrounding leptomate
pore. Flg. 2 - Foous on proximal triradiate
tetrad mark.

Zonalapollenites damfierl Balme. Pb 5315,
Sl. ] c00 [ ] - e f9 dlaﬂ. ‘4'5 nlomo
Plg. Z - Foous on aquator and distal surface.
Fig. - Foous en proximal tetrad mark oon-

prised of ralsed sexinal laesurae.
Zonalapollenites dampieri Balme. Pb 3679,
8l. g 00O . . - ’ dian. 50 miora.

Zonalapollenites dampieri Balme. Pb 5319,
sL. 3, 00OOTd, 32.2 = «5, diam, 52 micra.
Only a faint trace of a proximal trilete
tetrad mark is present on this grain.

Zonalapollenites dampierl Balme. Pb 5319,
S1l. 1, 00OYAd. .7 - .6, diam. 48 miora.
No hint of a proximal tetrad mark 1s apparent
on this speoimen.

Zonalapollenites dampieri Balme. Pb 5330
Sle s OO0 ) . - .8"dlamo 48 mlorao
Overall aspect showing equatorial saccus
and proximal trilete mark.

Zonalapollenites dampieri Balme. Pb 3679,
sl. 1, coord. 29.2 - s diam, 48 miora.
Zonalapollenites dampleri Balme. Pb 3712,
sl. 1, coord. 43 = .3, diam. 54 milora.
Specimen wlth well-developed proximal tetrad
mark and very narrow equatorial sacous.

Punctate sexine without crenulations or
oconvolutions.

Zonalapollenites dampierl Balme. Pb 5315
BL. p» 00O . . - 'y dlam, “1 miorao’

Zonalapollenites dampieri Balme. Pb 3679,
8L s 0OO . - ’ i1am. 57 mlora.
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Figs. 6, 7

Flga « 10 » 11
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PLATE 13
(All figures X 1000)

Zonalapolleéenites damplierli Balme. Pb 3712,
SIo 2’ O?OHt ;7. - 03’ diam. 57 mliocra.

Zonalapollenites of. Z. sp. "A". Pb 5315,
8l. 1, coord. &6 = 121.2, diam. 62 miora.
Foous on proximal surface showing oconspicuous
sexinal oonvolutions.

Zonalapollenites sp. "A". Pb 5315, sl. 1,
coord., 40.9 - 118.6, dlam. 58 miora. Foous

on proximal sexinal comvolutions.
Zonalapollenites damplierl Balme. Pb 3653,
8Ll. » c00 . L] - 05' dlm. 61 nlorao

Zonalapollenites gg. ®A". Pb 5330, =l. 10,
co0oTd, 37.3 - 115.8, dlam. 51 miora. Poous
on equator and distally extending sexinal
oonvolutions surrounding small leptomate

pore.

Zonalapollenites of. Z. dampleri Balme,

y S8Sl. ’ O.aard-: §]. - 101’ diam,.
28 miora. A very small or immature (?)
grain. Fig., 6 - Foous on narrow equatorial
saococus. Sexine bears moderate oconvolutions.
Pilg. ? - Foocus on proximal trilete mark.

Zanalagollenltes of. Z. dampierl Balme.

P s 8l » coord. L . = 8.6' diam.
32 miora. Foous on narrow, srenulate,
equatorial saococus.

Zonalapollenites sp. "B". Pb 5315, sl. 4,
coord. 33.8 - 119, diam. 32 miora. Speoi-
men with very little equatorial separation
of sexine and nexine, resulting in reduced

or abammt saocous.

Zonalapollenites sp. "B". Pb 3712, sl. 2,
co0o . Le - Telby dTam. 36 mioera. Figo
10 -~ Foous on equatorial region lacking well
derined sacous., Note dellcate sexinal ocon-
volutions on distal surface. Fig. 1ll -

Foous on faint proximal tetrad mark.

Zonalapollenites sp. "B*, Pb 3712, s8l. 1,
coord. 38.5 - II6T%. dTam. 38 miora. PFoous
on equatorial region almost entirely lacking
separation of sexine and nexine,



Fig. 13

Figs. 14, 15

Fig. 16
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Zonalapollenites sp. "B". Pb 5315, s=l. 1,
000 . . - 0. » dI‘m. 33 miora. Spe°1-
men without well defined saccus and with

delicate convolutions surrounding distal
leptona.

Zonalapollenites sp. "B". Pb 5330, sl. 6,
c00 . . - 1. ’ d-fall- 35 miora. Figo
14 - Foous on equator and distal convolu-

tions of sexine., Fig. 15 - Foous on faint
proximal tetrad mark.

Zenalapollenites sp. "B¥, Pb 5315, sl. 1,
cooxd . 0 = 117.3, dlam. 40 miora. Folded
grain with very narrow saococus.,
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Pigs. 1, 2

Fiso 3

Flso 4

Pigs. 5, 6

Fig. 7

Flg. 8

Pig. 9

Fig. 10

Fig. 11
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PLATE 14
(All figures X 1000)

Zonalapollenites sp. Pb 5330, sl. 8, coord.
oD = 2Oy am. ’43 micra. Filg, 1l =
Foous on narrow equatorial sacous laocking
orenulations or oonvolutions. Flg. 2 =~
Foous on proximal surface densely ormamented
with verruocate soulptural elements on sex-
ine. Only one such spesolmen was observed.

Zonalapollenites sp. Pb 3712, sl. 2, coord.
. - ody an. 42 miora. Specimen
with narrow saoocus, orenulate sexinal margin

delineating large distal leptomate pore,
and well-developed proximal tetrad mark.

Zonalapollenites dampierl Balme. Pb 5330,
sl. 3, ocoord. Bb.F ~ y, diam. 41 miora.
Zonalapollenites trilobatus Balme. Pb 5319,
sT. 2| QOOH. ;;.5 - IE;.,, diam, 63 mioera.

Fig. 5 - Foous on equatorial sacocus. Fig.
6 - Foocus on proximal tetrad mark.

Zonalapollenites trilobatus Balme. Pb 5319,
SL. s OO0 . .I - II ;',. diam. 63 micra.
Specimen with oliroular sacous outline and

irregularly folded and distorted nexinal
central body.

Zonalapollenites trilobatus Balme. Pb
p Bl » ooozao E,og - 122-8. diam.
@ 50 miora., Note symmetriocal nexinal folding

to produce triangular aspeot of central
body. :

Zonalapollenites trilobatus Balme., Pb
53730, sI. By coord. 9.1 - 121, diam. @
55 miora.
Zonalapollenites trilobatus Balme, Pb

» 81, » OOOﬂ- E,-; - 119-5. dlam.
Ej miera. Triangular outline of ocentral
body due to symmetrioal folding of nexine.
Zonalapollenites trilobatus Balme., PD
319, sl. 1, oooxrd. 37.8 = 120.3, diam.
36 miora. Nexinal central body ocompletely

separated from sexine. Note symmetrical
folding resulting in triangular outline.
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Pig.
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Pig.

Figs. 6, 7
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Figs. 12, 13
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PLATE 15
(A1l figures X 1000)

Vitreisporites pallidus (Reiss) Nilsson.
s 81. 85, oooxrd. 42,1 - 126,4, total .
width 35 miora.

Vitreisporites pallidus (Reliss) Nilsson.
9 81, 9’ 00 * 36.7 - 117’ total

width 25 miora.
Vitrelsforites sp. Pb 3679, sl. 1, coord.
- - ey total width 31 miora.

Pityosporites %2. Pb 5312, s1. 2, coord.
BT B i ot 5 Total width b2 micra. Lateral
view. '

Allsporitesn Bp. IAH. Pb 5313. sl. 8' cooxrd.

. - ou. total '1dth.5u nmicra. Over-
all aspeot showing equatorial outlines of
saccl and central body, and infrareticulum
of saccl and infrapunotation of oappa.

Allsporites sp. “"A". Pb 3712, sl. 1, coord.
[ ] - .3. tbtal '1dth 50 ﬂiora. Flg.

6 - Foous on sacol and equatorial outline

of central body. PFlg. 7 -~ Foous on oappa

showing delicately infrapunctate sexine,

Alisporites sp. "B". Pb 5330, sl. 13,
coord. o = 124, total width 36 miora.

Allsporites sp., "B". Pb 5330, sl. 2, ocoord.
Iy - «9, total wldth 54 miera.

Plt;osgoritea sp. “A". Pb 5319, sl. 1,

00 . . - 003. total width @ 50 nlor&,
actual 42 miora. PFig. 10 - Foocus on sacol
with slightly constrioctsd bases, and on
equatorial outline of central body. Fig.

1l ~ Focus on infrapunotation of cappa sexine.

Pltyosporites sp. "A". Pb 5319, sl. 3,

uoo%ﬁ. R - 2.4, total width 42 miora,
extrapolated width @ 46 miora. PFilg. 12 -
Foous om saoccl. Fig. 13 - Focus on oappa

showing sexinal infrapunotation.

Pityosporites sp. "A". Pb 5319, sl. 4,

ooo%ﬁ. 0.5 - 7.1, total width 44 miora.
Aberrant grain showing unequal sacous develop-
ment,
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Podooarpidites sp. Pb 5315, sl. 3, cooxd.
48,5 - E59.E, total width 53 miers. Over-
all aspect of grain. Note marginal orest

developed at equatorial lateral extremities
of cappa.

Alisporites (?) sp. Pb 5313, sl. 3, cooxrd.
«9 = «3, total width 40 miora.
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Fig. 1

'Flgs. 2, 3

Fig. 4

Flgc 5

Flgs. 6. 7

Figs. 8, 9

Fig. 10

Fig. 11

Flgs, 12, 13

Figs. 1%, 15
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PLATE 16
(A1l figures X 1000)

Alisporites sp. "_c_.o Pb 5330. 8l. 10,
cooxrd. o2 = 117.1, total width 58 miora.

Alisporites sp. "C". Pb 3679, sl. 1, occord.
8.9 - 113, total width 68 miora. Fig.

2 - Foous on equatorial outline. Pilg. 3 =
Foous on infrapunotate sexine of ocappa.

Podoocarpidites sp. "A". Pb 5319, sl. 2,
cooxd. 53.5 - 113.9, total width extrapolated
@ 66 miora.

Pityosporites (7) . Pb 3712, sl. 2, ocoord.
53.§ - IEE.%. tot width 34 miora.

Podooarpidites sp. Pb 5330, sl. 8, ocoord.
T2 e TIN5 tofal width 58 miora, Fig.
6 = Pocus on saccl and on distal surface
of central body showing outline of sulous.
Fig. 7 -~ Foous on equatorial outline of
central boly and on proximal surface of
eappa.

Podoocarpidites sp. "B"., Pb 5319, sl. 1,
ocoord. EE.? - 118.4. total width 56 miscra.

" Fig. 8 - Foous on sacol. Note oconneoction

of sexine of sacol across longitudinal ex-
tremities of central body at equatorial
region. Sulous occuplies most of distal
face, Fig. 9 - Poous on omamentation of
ocappa.

Podocarpidites sp. "B". Pb 5330, sl. 2,

Soord BT =138, total width bk miora.

Podoocarpidites fg. *"B*". Pb 5315, sl. 3,
3

coord. 9 - total width 43 miora,
extrapolated width € 50 miora.

Aumancisporites sretaseus Poosock. Pb 5315,
sl. &, coord. 53,9 - 115.2, total width

@ 40 miora. Pig. 12 - Foous omn striated
sexine of proximal surface., Flg., 13 =
Poous on oollapsed thiokened l1lips flanking
distal sulous, and on rudimentary saocus
at lateral extremities of graln.

Fucommiidites %2. *"B*, Pb 5330, sl. 11,
coord. 35 - 120.5, total length 26 mlcra.

Fig. 14 - Foocus on distal face and sulocus.




228

Fig. 15 -« Foous on pitted proximal surface.
A palr of arcuate tenultates are present
near equatorial lateral margins.
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Flgs .

Flgs.
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PLATE 17
(A1l figures X 1000)

Podooa idites sp. Pb 5330’ 8l. 1. coord.
39 - Ii;.§, total width 79 miora. PFig. 1 -
Foous on sacol and on exine stratification

at polar reglon of proximal ocappa. PFlg.
2 - Pocus on sexinal omamentation of oappa. -

Podooarpidites g%. Pb 5319, sl. 1, ocooxrd.
W7 = TIB.B o tobal width 74 miora, Fig.
3 = Foocus on oappa and equatorial outline

of ocentral body. Fig. 4 - Foous on oma-
mentation of oappa.

Podoocarpidites sp. Pb 5319, sl. &, coord.

7 - I%E.?. tot width 65 miora. Filg. 5 -
Focus on sacol and on.- equatorial outline of
central body. Note marglnal oarest at equator
of eentral body. Fig. - Foous on ormamen-
tation of ocappa.

Podooarpldites g%. Pb 5330, s8l. 5, coord.
9.5 - 112.9, total width 57 miora.. Fig.
7 = Poous on saccl and on equatorial marginal

orest of central body. PFlg. 8 -~ Focus on
sexinal omamentation of oappa.

Podoocarpidites sp. Pb 5330, sl. 2, ocoord.
B8 - ITE.E, total width 42 miora.






232

PLATE 18

(All figures X 1000 tmless indicated otherwise)

Figs. 1’ 2’ 3

Pigs. 4, 5

Plgs. 6, 7

Fig. 8

Figs. 9, 10

Pigs. 11, 12

Flgs. 13, 14

Ph llocladidites _E "A"., Pb 5319, sl. 1,
cooxrd. 1 total width 43 miora.
Flg. 1 =~ Foous on saoci, showing radlal
folding near distal bases, and indistinct
infraretioulum. Fig. 2 - Foous on equa-
torial outline of central body. Note lack
of thiokened distal sacous bases flanking
distal sulous. Pig. 3 - (X 2000) Foous

on thickened, sexinal protuberance at equa-
torial lateral extremities of oappa, and on
verrucate omamentation of proximal surfaoce.

Phyllooladidites sp. "A". Pb 5330, sl, 9,
coord. Jl.% - 110.2, total width 35 miera.
Pig. 4 - Foocus on bulbous saccl with oon-
strieted bases and lacking thiockened distal

bases flanking guleus. Filg. 5 - Foous on
verruocate sexine of cappa.

Phyllocladidites s "B", Pb 5313 sl. 1,
coord. J5.9 - 118.8, total width 49 miora.
Fig. 6 - Foous on relatively wide, womewhat
pointed sacol bearing well-developed thickened
bases flanking distal sulcuas. Plg. 7 -

Foous on verrucate proximal sexine of cappa
and on thliock distal sacocus bases flanking
sulous,

Phyllooladidites sp. Pb 3653, sl. 1, coord.
8.3 - I!B, fTotal width 30 mliora. Speoli-
men shows narrow, elongate-~oval distal
sulous.

Phyllocladidites sp. "B". Pb 5319, sl. 2,
coord. Bb.1l - 128.9, total width 46 micra.
Fig. 9 -~ Focus on sacol and thickened distal
sacous bases flanking rectangular sulous.

Fig. 10 - Focus on ooarse, verrucate sexine
of cappe.

Phyllooladidites.sp. "C". Pb 5319, sl. 1,
coord. 39.7 - 127. ’ total width 32 micra.
Filg. 11 - Focus on thin, weakly inflated
sacol. Fig. 12 - Foous on equatorial outline

of central body and on oappa.

Phyllocladidites sp. "C". Pb 5315, sl. 3,
coord. B3.1 = 109.2, total width 39 miora.
Fig. 13 - Poous on sacoel. Flg. 14 - Foous
on oentral body.
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Pigs. 15, 16, Phyllocladidites sp. Pb 5330, sl. 8, coord.
17 3.5 = 112.6, tot width 42 miora. Pig.
15 - Foocus on sacocl. Pig. 16 - Foous on
equatorial outline of central body, and on
sulous flanked by thickened distal saccus

bases, PFlg. 17 - Foous on ornamentation of
eappa sexine,
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PLATE 18

(All figures X 1000 unless indicated otherwise)

Plgﬂo 1' 2’ 3

Plgs. 4. 5

Pigs. 6, 7

Pig. 8

Figs. 9' lo

Pilgs. 11, 12

Figs. 13, 14

Ph llooladidites [ "A". Pb 5319, sl. 1,
cooxrd. . 1.4, total width 43 miora.
Pig. 1 -_Foous on saccl, showing radial
folding near distal bases, and indistinot
infraretioulum, Fig. 2 - Poous on equa-
torial outline of central body. Note lack
of thickened distal sacous bases flanking
distal sulous. Fig. 3 - (X 2000) Foous

on thickened, sexinal protuberance at equa-
torial lateral extremities of ocappa, and on
verrucate ormamentation of proximal surface.

Phyllonladidites s "A". Pb 5330, sl, 9,
carrs2 s L. - 110.2, total width 38 micra.
Pig. 4 = Foous on bulbous sacci with oon-
strieted bases and lacking thickened distal
bases flanking sulous. Fig. 5 - PFPoous on
verrucate sexine of cappa.

Phyllocladidites sp. "B*. Pb 5319, sl. 1,
coord. 35.9 - 118.8, total width miors.
Fig. 6 - Foous on relatively wide, womewhat
pointed sacol bearing well-developed thickened
bases flanking distal suleus. PFig, 7 ~

Foous on verruocate proximal sexine of ocappa
and on thiock distal sacous bases flanking
sulous,

Phyllooladidites sp. Pb 3653, sl. 1, ocoord.
0.3 - IEB total width 30 miora. ~Speoi-
men shows narrow, elongate-oval distal
sulous.

Phyllocladidites . "B*. Pb 5319, sl. 2,
600 8 , total width 46 micra.
Pig. 9 - Foous on saoccl and thickened distal
sacous bases flanking recotangular sulous.
Pig. 10 - Poocus on ocoarse, verrucate sexine
of cappa.

Phylloocladidites.sp. "C". Pb 5319, sl. 1,
coord. 9.7 - 127.7, total width 32 micra.
Fig. 11 - Foous on thin, weakly inflated
sacol. Fig. 12 - Foous on equatorial outline

of coentral body and on oappa.

Phyllocladidites s _E *c*". Pb 5315, sl. 3,
coord. 03.1 - T09 total width 39 miore.

Fig. 13 - Foous on saool. Fig. 14 - Poous
on ocentral body. :
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Pigs. 15, 16, Phylloocladidites sp. Pb § 30, sl. 8, ecoord.
17 0.5 =« 112, 6, Eot width 42 miora. PFlig.
15 - Poocus on sacoi. Pig. 16 = Foous on
equatorial outline of central body, and on
sulcus flanked by thickened distal sacous

bases, PFig. 17 « PFPoous on omanmentation of
cappa sexine,






Pigs. 1, 2

Pig. 3

FlgB. h’ 5

Pigs. 6, 7

Figs. 8, 9

Pigs. 10, 11

Figﬂo 12| 13

Pig. 14
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PLATE 19
(A1l figures X 1000)

Phylloocladidites s "D", Pb 3653, sl. 1,
o00Yd. ) ™ 7.1, total width 36 mioera.

Fig. 1 = Foous en thin, weakly inflated
g::ol. Fig. 2 = Foous on oval-~shaped central
Yo

Phylloocladidites s "D, Pb 5330, sl. 6,
000Td. 39.06 -~ 3.8, total width 33 miora,
Overall aspeoct, showing small, thin, weakly
inflated sacol distally attaoched to oval

central body.

Phylloocladidites sp. Pb 5330, sl. 6, coord.
. - oty t width 35 miora. Pig.

§k - Poous on sacol. PFig. 5 - foous on

equatorial outline of central body.

Phyllooladidites sp. "E". Pb 5315, sl. 2,
coord. 40.2 - 112, total width 29 miora.

Flg. 6 - Foocus on small sacol and on slightly
thiockened sexinal margin at equator of
cantral body. PFlg. 7 - Foous on ormamenta-~

tion of sexine of oappa.

Phyllocladidites s "E*, Pb 5315, sl. 2,
coord. 35.56 - 120.9, total width 30 miora.
Pig. 8 - Foous on saocol. Pig. 9 - Foous on
equatorial outline of central body and on

sexinal omamentation of ocappa.

Phyllocladidites sp. "E". Pb 3653, sl. 2,
oL T BL.3 - 122.7, total width 36 miora.
Fig. 10 - Foous on sacecl. Fig. 11l - Foous
on thiockened equatorial margin of central

body and on omamentation of ocappa.

Phyllecladidites a “F*. Pb 5319, sl. 1,
coord. . - 6. » tot‘l width 42 miora.
Fig. 12 - Foous on relatively large saoocl
with deliocate infraretioulum. FPFlig. 13 -
Foous on distinet, thickened diatal saccus
bases flanking sulous, and on similar exinal
thiockenings at equatorial region of central
body.

Phylloocladidites s Pb 5315, =l1. 3, coord.
E% - 127.1, total width 34 miora.



FigsBe. 15. 16

Figs. 17, 18
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Pullooladiditos « "FP*, Pb 5319, sl. 1,
coorxrd. . 9.3, total width 30 miora.
Pig. 15 -~ Fooua on ssccl, Pig. 16 - Foous
at equatorial plane, showing conspiocuous
thiockened distal sascus bases extending full
length of central body, and oconsiderably
shorter proximal saocous bases recessed in
from squatorial outline of cemtral body.

A peripheral oiroular band of similarly
thiokened exine conneots distal and proxi-
mal saccus dbases.

Phyllocladidites sp. "F". Pb 5315, sl. 4,
cooxd. I8 - 119.8, total width 34 mlora.
Fig. 17 - Poous on saccl. Fig. 18 - Foous
on equatorial plane showing long, thiockened,
distal saocous bases, and shorter, recessed,
proximal sacous bases connected by ciroular
band of thiok exine at equatorial margin

of central body.
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PLATE 20
(All figures X 1000)

Pigs. 1, 2 Phyllocladidites sp. Pb 3679, sl. 2,
cooTd. 33.7 - 117.2, total width 44 micra.
Fig. 1 - Foous on sacol. Fig. 2 - Foous
on equatorial outline of oval central body.

Pigs. 3, 4 Phyllooladidites sp. Pb 5315, sl. 4, coord.
7.7 - 125.T, total width 25 miora. Pig.
3 - Foous on equatorial outline and verru-
oate sexine of oappa. Fig. & - Poous on
distal surface showing narrow sulous flanked
by rudimentary or underdeveloped frill-
like saococi.

Fig. 5 Podooarpidites (?) sp. Pb 5328, sl. 5,
coord. 85.5 - 119.8, total width 70 miora.
Two foous levels showing nature of sacol
and ormamentation of cappa sexine, Sacol

are connected egquatorially aoross longi-
tudinal extremities of central body.

Pigs. 6, 7 ngllooladidltes ap. Pb 5330, sl. 8, ocoord.
- 4, total width 20 miora. Fig.
6 - Poocus on small thin sacol of an extremely

small pollen grain. FPFig. 7?7 - Foous on
omamnentation of cappa.

Pig. 8 Phylloecladidites sp. Pb 5330, sl. 6, ooord.
L] - l o fy ot '1dth 26 ‘101‘&0

Pigs. 9, 10 Phyllocladidites sp. "C". Pb 3653, sl. 3,
ocoord. el - 1.9, total width 25 micra.
Fig. 9 - FPoous on thin, weakly inflated

saccli. Fig. 10 -~ Foous on sexine ormamenta-
tion of ocappa.

Pigs. 11, 12 Phylloocladidites sp. "C". Pb 5315, sl. 2,
coord. . - 2. » total width 2? miora.
Fig. 11 ~ Foous on sacol. Fig. 12 - Poous
on sexine omamentation of oappa.

Fig. 13 Phylloocladidites (?} sp. Pb 5330, sl. 3,
coord. 30.5 - 123.8, total width 30 miora.

Fig. 14 Phylloeladidites sp. Pb 5330, sl. 3, coord.
53.7 - IEE.I. tot width 30 miora.

Pilg. 15 Phyllocladidites (?) %2. Pb 5330, sl. 6,
ooo?%. R3.8F - 121.4, total width 32 miora.



Fig. 16

Pigs. 18, 19

Pigs. 20, 21

Figs. 22, 23
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P%lllooladiditas sp. Pb 3712, sl. 1, coord.
5 = «3, total width 33 miora.
Phylloecladidites sp. Pd 5315, sl. 2, ooord.
52.5 - 118, total width 41 miora.

Unkmown monosaocate (?) pollen. Pb 5319,

sl. 1, coord. 33.2 - 126.6, total width

38 miora. Fig. 18 - FPoous on distal face

showing oval sulous completely surrounded

by eonvolute sacous attached entirely dis-
tally. This may be an aberrant blsaccate

grain of the genus Phyllocladidites. Fig.
19 - Poous on olroular equatorial outline

of central body and on verrucate sexine of
cappa.

Unknown monosacoate (?) pollen. Pb 5319,
sl. 1, coord. 38.4 = 125.9, total diam.
33 miora. PFig. 20 - Foous on distal face
showing subsiroular sulous completely
surrounded by weakly inflated saocous. This
may be an aberrant bilsacocate grain of the
genus Phyllooladidites. Fig. 21 - PFoous
g: equatorial outline of oircular central
4dy.

Unknown monosacoate (?) pollen. Pb 5319,
sl. 1, coord. 44.7 = 123.1, total width
31 miora. PFlg. 22 - Foous on sacol almosat
completely surrounding irregularly shaped
distal sulous. Fig. 23 - Foous on equa-
torial outline of oceentral body.
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Pilg.

Fig.

Pig.

Pig.

Flg.

Pigs. 6, 7

Pilg.

Pig.

Fig.

Pig.

Pig.
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Flg.
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PLATE 21
(All figures X 1000)
Inaperturopollenites sp.“A". Pb 5319, sl.
1, onord. 55.5 - 115.1, diam. 72 miora. .

Speocimen shows considerable separation of
sexine and nexine.

Inaperturopollenites fg "A". Pb 5319,
sl. 1, oooga. N.1 -~ 109,8, diam. 65 miora.

Inaperturopollenites %2 'A“ Pb 5330,
s ooo¥3 33 - 115.7, diam. 55 miora.

Inaperturopollenites s "A". zzl

sl. &, ooo% 9.8 = 2 2, dim. miora.
Pityosporites %2. Pb 5330, sl. 7, cooxrd.
A YT 5 % total width b2 miora.

Undetermined Pollen Genus "A™. Pb 5329,

sl. 8, ocoord. 3 - 120.9, length 51 miora.
Fig. 6 - PFoous on possible suloate struo-
ture and on terminal sacoate (?) projections.
Fig. 7 - Foous on pltted exine.

Undetermined Pollen Genus "A". Pb 5319,

sl. 1, coord- 4#1.5 - 118.3, length 44 miocra.
Speoimen showing characteristic rupture
splitting grain in two halves.

Undetermined Pollen Genus "A". Pb 3319.
sl. 1' cooxd. 46.2 - 1180?. lonsth 2 miora.

Undetermined Pollen Genus "A". Pb 5313,
sl. 1, coord. 43.2 ~ 117.7, length 46 miora.

Undetermined Pollen Genus "A%. Pb 5319,
sl, 1, cooxrd. 35.5 «~ 126.4, length 39 miora.

Undetermined Pollen Genus “A". Pb 5329,
sl. 9, ocoord. 33.5 = 127, length 36 niora.

Undetermined Pollen Genus "A". Pb 5315,
sl. 2, coord. 38 - 117.?. 1°n8th 32 miora.

Undetermined Pollen Genus "A", Pb 5313,
sl. 3, coord. 36 - 121.9, length 34 miora.

Undetermined Pollen Genus “A". Pb 5330,
sl, 6, coord. 45.4 -« 118, length 40 micra.
Fig. 15 - Foous on possible suloate struc-
ture. PFig. 16 -~ Foous on plttlng of exine.
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PLATE 22
(All figures X 1000 unless indloated otherwise)
Fig. 1 Emphanisporites sp. (Reworked). Pb 5330,
81. » c00 L] 0. - 11"‘-5. di“- 50 .10“.

A characteristioc Devonian spore with radial
exinal thiockenings.

Pig. 2 Verrnooaoaforites (?) sp. (Reworked?).
s 31, » ooord--gB.Z - 11?.3. lmsth
34 miera. This may be a reworked Pennsyl-
vanian monolete spore.

Fig. 3 Bal tisphaeridium &2. ( Reworkea?). Pb 5330,
sl. 7, ocoord. 0.F - 118.6, diam. 47 miora.
Mg. 4 Baltisphaeridium sp. (Reworked). Pb 5330,
- 8l. s 000 . - 126.#. diam. “'5 miora.
Pig. 5§ Veryhachium sp. (Reworked) (Phase contrast).

y 8l. 6, coord. 33.1 - 122,1, diam.
@ 37 miora. Probably reworked from Devonian
oY older atrata.

Fig. 6 Tasmanltes sp. (X 500) (Reworked). Pb
o330, 8l. 5, coord. 44 - 111.5, diam. @ 110
Riora. Similar to frequently ocoourring
forms in Devonian sediments.

Fig. 7 Lelofusa sp. (X 250) (Beworked). Pb 5330
Similar forms are common in some Devonian
sediments of Michigan. '

Fig. 8 Bnltiaghaeridlun (?) sp. (Reworked?).
'] . 9 c00 L] 4707 - 11?.1. total

s
diam. @ 80 miora.

Pig. 9 Leloaphaeridia gg. (Reworked). Pb 53730,
sl. 9, ocoord. 36.5 - 112.5, dlam. 62 miora.
A commonly oocourring palynomorph in Devonian
strata of Miohigan.

Pig. 10 Scolecodont (X 500) (Reworked?). Pb 5330,
sl. 7. ocoord. ""3.6 - 11502. length 126 micra.
Probably a reworked Paleozoioc annelid worn
JB'.
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APPENDIX

List of wells from whioch samples were nobtained for
palynologioal analyses. Listings inoclude company and well
name, location, permit number, repository catalogue number,
and depth 1ntérval and Miohigan State University mesoera-
tion number for each sample studied. Sources nf samples
included repositories at Michigan State University (MSU),
the University of Michigan (MU), and the Mischigan Geologic
Survey (MGS).
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Table 2 -~ List and Leocation of Wells Sempled

Well Location Permit Catalogue No. Depth MSU Mao.
Clare County
Sohlo #1 Loker seec. 7-17N-6W 10687 MSU 3945 570-585¢ Pb 3717
Bauer #1 Loker sec. 7-17N-6W 16914 MSU 5739 560-570" Pb 3713
595-600" Pb 3719
600-610" Pb 3705
640-650" Pb 3695
690-695°* Pb 3696
Pure #1 Root sec. 7-18N-4W 12236  MGS 17-7-C  650-660'  Pb 5319
Sohio #1 MoKay sec. 33-18N-4W 13364 MGS 23-1-R 500-510° Pb 5331
570-580" Pb 5316
Burton #1 Thompson sec, 13=18N-5W 101380 MSU 4355 645-656" Pb 3551
656-665"* Pb 3679
665-674"1 Pb 3662
674688 Pb 3680
688-694* Pb 3663
720-722" Pb 3666
738-762¢ Pb 3664
836-842* Pb 3665
Isabella County
Mogul #1A Dent sec., 5-15N-6w 13018 MGS 22-6-L 490-500" Pb 5332
580-3590" Pb 5318
Brazos #1 Stace-Sherman sec. 21-15N-6W 19842 MGS 40-3-C 440-500" Pb 5311
Mich. 0. & G. #1 Parker sec. 7-16N-3W 1149 MGS 21-7-L 300-305" Pb 5320
325~330° Pb 5321
370-375" Pb 5314
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Well Location Permit Catalogue No. Depth MSU Maoc.
Wickland #1 Gamble sec., 23-16N-5W 12635 MGS 18-6~R L20-440" Pb 5324
490-510" Pb 5325

510-520" Pb 5326

Sohio #1 Gilmore sec. 25-16N=-5W 11849 MSU L4496 330-340" Pb 3693
340-350" Pb 3686

390-400" Pb 3691

420-430°* Pb 3692

510-520" Pb 3729

560-570" Pb 3685

680-690°* Pb 3721
700-710°* Pb 36954A

750-760" Pb 3720

Sohio #1 Chapaan sec. 0-16N-6W 12182 MGS 17-6-C 580-590°* Pb 5315
610-620" Pb 5333

Kent County
MoGerry #1 Vanderhyde seo., 14-9N-11VW 12966 MGS 15-3-R 303-312! Pb 5328
Miech. Consol. #1. Phillips seo. 3-10N-10W 11288 MSU 4218 520-530" Pb 5310
Mecosta County

Gulf #1 Warner sec, 21-15N=7W 9841 MsSU 3516 600-610" Pb 3698
' 670-680" Pb 3676

680-690! Pb 3675

700-710° Pb 3723

710-720" Pb 3724

730-780° Pb 3672

780-790°* Pb 3673

780-790°* Pb 3697

790-800° Pb 3674
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Well Location Permit Catalogue No. Depth MSU Mac. No.
Gulf #1 Colfax Project sec. 9-15N-9W - MSU 3819 520-525" Pb 3507
550=-555" Pb 3684
555=560" Pb 3508
610-615* Pb 3722
625-630" Pb 3510
Gulf #2 Colfax Project sec. 1=-15N-10W -- MSU 3825 4LO0-405"* Pb 3656
405-410" Pb 3677
415-420° Pb 3657
b55-460" Pb 3661
480-485" Pb 3660
b90-495" Pb 3653
495-500"* Pb 3655
560~565" Pb 3678
590-595* Pb 3658
600-605" Pb 3659
670-675"* Pb 3654
Gulf #2 Compson gsec, 6=16N-74 10630 MSU 3890 565-570" Pb 3513
580~585"* Pb 3514
595-600" Pb 3725
615-620" Pb 3515
630-635" Pb 3726
{ 660-665" Pb- 3516
665-670" Pb 3727
670-675" Pb 3728
675=680" Pb 3517
695-700° Pb 3518
Gulf #3 Bottoroff gsec. 1-16N-8W 11260 MSU 4075 £90-600"* Pb 3716
635-640* Pb 3715
680-685* Pb 3714
680-685" Pb 37144
700-705" Pb 3701

!
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Well Location Permit Catalogue No. Depth MSU Mac. No.
Gulf #2 Daggy sec., 1-16N-8W 11154 MSU 4046 605-610" Pb 3667A
605-630" Pb 3667
610615 Pb 3668
620-625* Pb 3671
630-.635" Pb 3702
645-650'  Pb 3670
670-675"* Pb 3703
720.725'  Pb 3669
730-735*  Pb 3700
Montealm County
Sun #1 Martens ses, 36-11N-8W 11099 MU 17=-H 490~500* Pb 5309
Unlon #1 Douglas sec. 3-12N-8W 11919  MSU 4424 435-440'  Pb 3683
530-535° Pb 3712
540-550" Pb 3682
580~590" Pb 3706
600-610" Pb 3707
620-630" Pb 3708
630-640" Pb 3681
Gordon #1 Paris sec, 6-12N-BW 10922 MSU 4223 510-520° Pb 3688
" 560-570°* Pb 3689
" 600-610" Pb 3687
" 680-690* Pb 3690
MU 24-A 460-500" Pb 5312
o 510-520* Pb 5313
Newaygo County
Sun #1 Wondard-Brown sec, 29-12N-11W 17132 MGS 25-3-C 4l45.4507 Pb 532
490-495°* Pb 533
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Well

Looation Permit

Catalogue No. Depth

MSU Mac. No.

Sun #5 Cons. Power
Cordell #1 Gorman
Pure #1-A Miller

Slusser #1 Wood
Pure #1-A Haist

Pure #1-A Jones

sec. 28-13N-11W 14886
sec. 31-13N-11W 16361
seoc. 23-14N-11W 15127

Osoeola County

gses, 22=17N=7W 16192
sec. 25-17N-10W 11282

sec, 24-19N-7W 10009

MGS 27-1-C
MGS 10-2-L
., MGS 17-4-R

MGS 27-7-C

MSU 4108

MSU 3640

490-495"
387-390"
591-599"

585-590°

630-640°*
670-680"

580-585*
570-575"
560° 565"

Pb 5322
Pb 5329
Pb 5330

Pb 5327

Pb 3718
Pb 3699

Pb 5305
Pb 5306

Pb 5307
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