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Abstract

Prisca reynoldsii gen. et sp. nov. is a common angiosperm fructification in the early Cenomanian (mid-Cretaceous) upper
Dakota Formation in central Kansas. It is a raceme of distantly-alternate, elongate, apetalous, unisexual multifollicles. On the basis
of close association and cuticular similarities, leaves provisionallly referred to Magnoliaephyllum are attributed to the same extinct
plant.

Prisca reynoldsii can be distinguished from all extinct and living gymnosperms presently known, because it has both carpel-
like organs (follicles) and two integuments around its ovules. Although evidently an angiosperm, Prisca reynoldsii is a very dif-
ferent plant from any living angiosperm, and from concepts of “primitive” angiosperms, as commonly hypothesized from the
comparative morphology of living plants. Some reorganization of the higher taxonomy of angiosperms is to be anticipated as
additional extinct kinds of angiosperms are described. For the moment Prisca reynoldsii is placed in a new family, the Priscaceae,
and its ordinal assignment remains uncertain. ’

Considering its geological occurrence and functional morphology, the plant producing Prisca reynoldsii and Magnoliaephyl-
lum was probably a tree or shrub prominent in woodland vegetation of waterlogged peaty soils of interdistributary depressions, in
part fringing brackish to,freshwater lagoons of a deltaic coastal plain. Prisca reynoldsii produced a large number of small seeds,
apparently dispersed mainly by wind and water, and was probably wind pollinated. It was thus well adapted as an early suc-
cessional plant for variety of unstable coastal environments.
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Introduction

New finds of structurally-preserved fossil plants from the early Cenomanian (mid-Cretaceous) Dakota For-
mation of central Kansas, include a variety of fructifications and leaves of early angiosperms (DILCHER, 1979;
DiLcHER et al., 1976, 1978). From cuticular similarities and association, the various organs and reproduction of
specific early angiosperms can be reconstructed. This allows a more meaningful evaluation of the nature and
evolution of early angiosperms than is possible from studying their dispersed and mixed remains. The unex-
pected combinations of morphological features found in these reconstructed ancient plants are proving such
that they cannot be placed conveniently within modern angiosperm families or orders. Some of these Ceno-
manian angiosperms are best placed in new and extinct taxa representing generalized stocks near the base of the
spectacular Cretaceous evolutionary radiation of angiosperms.

One such fossil, Prisca reynoldsii gen. et sp. nov. is described here. As with prior finds from early Ceno-
manian rocks in Kansas (DILCHER et al., 1976) this fossil serves to establish what features of angiosperms can
be considered ancient. We avoid using the terms “primitive” or “advanced”, because their meaning has become
extended and unclear. The term “primitive” has been used widely to characterize certain living angiosperms.
These are only primitive in the sense that living stone age tribes are sometimes referred to as primitive, com-
pared to the civilized world. They can be considered neither ancestral nor ancient. As with the evolution of our
own species, much basic information about the evolution of angiosperms remains to be determined from the
fossil record.

A detailed concept of the habitat preferences, pollination biology, fruiting and dispersal of individual
Cenomanian plant species can also be established by considering the geological occurrence and functional mor-
phology of these well-preserved fossils. The palececology of Prisca reynoldsii, as interpreted from such evidence
and other considerations, differs from traditional concepts of early angiosperms. Our reconstruction of this
mid-Cretaceous angiosperm supports the view of StemBINs (1974), Hickey & DovLE (1977), that early angio-
sperms were early-successional weed trees.

Towards a definition and higher taxonomy for early angiosperms

The most encouraging effect of the recent upsurge in research on angiosperm origins (HucHEs, 1976;
DovLE, 1978; DiLcHERr, 1979), is the gathering recognition that the fossil record may furnish critical and im-
portant evidence for the origin and diversification of flowering plants as it has for understanding the origins
of amphibians, reptiles, mammals, birds and humans. Researchers are despairing less about the lack of fossil
evidence for angiosperm origins and concerned more with establishing the level of reproductive organization
and possible relationships of an increasing number of extinct plants showing combinations of gymnospermous
and angiospermous features (KRrASSILOV, 1977a)." Within the continuum of extinct plants connecting angio-
sperms and gymnosperms which will undoubtedly be revealed by future paleobotanical research, some agreement
must be reached on how to define an angiosperm. For reasons detailed in the following paragraphs, we propose
that early angiosperms be characterized by the joint occurrence of both a carpel and ovules with two inte-

guments.
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The most traditionally used characteristic of angiosperms is the presence of an enclosing structure which
more or less covers or contains the ovules, termed a carpel. The carpel is usually regarded as a completely
closed structure which a pollen tube must penetrate to achieve fertilization of an ovule. However, extant
angiosperms of several families have incompletely closed carpels for either a part or all of their development
(SPORNE, 1975; p. 125). Analogous structures to the caipels of angiosperms are found in a number of unrelated
lineages of gymnosperms. These include the large multiovulate cupules of some lyginopterid pteridosperms (for
example, Gnetopsis, see ANDREWS, 1948), the bivalved “capsules” of Czekanowskiales (Harris, 1951; Kras-
SILOV, 1977a), the “fruits” of Caytoniales (HARrrs, 1940, 1964; Krassiov, 1977b), the multiovulate mega-
sporophylls of glossopterids (GouLp & DELEVORYAS, 1977) and the paired “capsules” of the Dirhopalostachya-
ceae (KrassiLov, 1975, 1977a). Some of these fertile structures even resemble angiosperm carpels to the extent
of showing possible stigmatic differentiation (KrassiLov, 1977a). Few would claim that all these structures are
carpel homologues. Carpel-like structures can no longer be considered an unequivocal hallmark of angiosperms.
A unique definition of angiosperms, using the carpel, would have to include the co-occurrence of at least one
other feature.

Another angiospermous feature of importance is the double integument of the ovule, which may be retained
as two seed coats after fertilization. This feature is not universal in angiosperms, occurring in 67 %o of dico-
tyledonous and 71 %o of monocotyledonous families (Sporng, 1975, p. 160). Embryological studies (MAHESH-
WARI, 1950) indicate that, in those angiosperms with a single integument, this integument develops from the
fusion of two original primordia or by the cessation of growth of one of the two original primordia. Bitegmic
and crassinucellate ovules are most widespread in supposedly “primitive” living angiosperms (TAKHTAJAN, 1969,
p. 64; STEBBINS, 1974, p. 232). Other features of the integuments of angiosperm ovules indicate that the inner
and outer integuments evolved from different types of organs, and so were probably better differentiated in
ancestral than some modern angiosperms. These features include the rare presence of stomata on the outer (but
not inner) integuments of some angiosperms (MAHESHWARI, 1950, p. 58 and the fossil material described here).
Stomata would be maladapted to conditions in the carpel and possibly indicate origin of the outer integument
from a photosynthetic organ. There are also strong histological differences between the outer and inner integu-
ments of angiosperm ovules (STEBBINS, 1976). The mismatch of ovule integuments seen in the widespread “zig-
zag® course of the micropyle in longitudinal sections of so many angiosperm ovules may also be a result of the
different origin of the two integuments (STEBBINS, 1974, p. 233, 1976). Thus there is a reasonable case for con-
sidering bitegmic ovules an important ancestral feature of angiosperms.

On the other hand there is also some evidence among gymnosperms of analogous structures to the bitegmic
ovules of angiosperms. Ovules with more than one integument are seen most unequivocally in the living Gneta-
les (SPORNE, 1965; CHAMBERLAIN, 1935). The existence of two distinct systems of vascular strands in the nte-
gument of cycads and medullosan seed ferns, has been interpreted to suggest that these groups also had a double
integument at some stage in their evolution (SToPES, 1904; WaALTON, 1953; SPORNE, 1975, p. 154). Although the
cutinized “spotted layer” within the integument of the ovule of Caytonia is quite different from other seed
cuticles (HaRris, 1958), it could also be interpreted as a remnant of interintegumentary cuticles and thus be an
indication of bitegmic or ancestrally bitegmic ovules in the extinct Caytoniales. These various arguments for
bitegmic ovules in cycads, medullosans and Caytonia merit attention, but considering the inconclusive nature of
the evidence, unsupported by other data, remain unconvincing. However, several more definite gymnosperm
organs could be and have been homologized with the outer integument of angiosperm ovules by various
authors (as discussed by DovLg, 1978, p. 383). These are the fruit wall (as opposed to ovule integument) of Cay-
tonia (DOYLE, 1978, p. 384), the cupules of corystosperm seed fern fructifications (see THOMAS, 1933, 1934)
and the megasporophyll of the glossopterid Lidgettonia (StesBins, 1974, p. 234). The existence and possibility
of homologous structures in gymnosperms, indicates that bitegmic ovules cannot be considered an unequivocal
hallmark of angiosperms.

Despite these difficulties, carpels and bitegmic ovules are too fundamental to reject as definitive features of
angiosperms. We propose that a workable paleontological definition of early angiosperms be based on the joint
occurrence of carpels and bitegmic ovules. These organs probably evolved independently and at different rates.
This is also likely for other organs or combinations of organs. The appropriateness of this definition is apparent
from the exclusion of a number of gymnosperms which may have either carpel-like structures or doubly-inte-
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gumented ovules. This is in accord with the prevailing view that the angiosperms are a largely monophyletic
group (DOYLE, 1978), rather than polyphyletically derived from a variety of unrelated groups of gymnosperms
(KrassiLov, 1977a). The practicality of this definition is apparent from the recognition of both bitegmic ovu-
les and carpel-like structures in the extinct angiosperm fructifications described here and by VAcHRAMEEV &
KrassiLov (1979).

There remains a problem that fossil angiosperms, by this definition, often do not fit within the existing
taxonomy of flowering plants (as summarized by TARHTAJAN, 1969; CRONQUIST, 1968). The probability that
the ancestral and other groups of early angiosperms are extinct, has also been argued by StesBINs (1974, pp.
201, 244) on other grounds, such as chromosome numbers, distribution of flavonoids and other characters of
living angiosperms and comparison with other major groups of organisms for which a fossil record is available.
Thus we anticipate that the hypothetical ancestral complexes at the center of many recent diagrams of
angiosperm phylogeny (such as that of StEBBINS, 1974, fig. 11.1) will accomodate several unique and extinct
groups of angiosperms as paleobotanical research continues. Considering the fossil record of angiosperm-like
fructifications discussed here it now seems unlikely that the ancestral groups of angiosperms will be assignable
to any modern order (contrary to TAKHTAJAN, 1969; Hickey & DoYLE, 1977, fig. 70). This is clearly seen from
the remains discussed here which have multifollicular fruits similar to CronQuisT’s (1968) Magnoliidae, but are
unisexual and apetalous like the Cercidiphyllaceae of the Hamamelidae (Text-fig. 1). Some reorganization of the
higher taxonomy of angiosperms may prove necessary as further extinct fossil fructifications of early angiosperms
are discovered and described and their relationships with modern angiosperms elucidated. For the moment, we
initiate this revision by proposing a new family, the Priscaceae, of uncertain ordinal affinities, to include the
carly angiosperm fructification described in the following paragraphs.

Text-Fig. 1. Reconstructed early angiosperm fructification, Prisca reynoldsii sp. mov.; A, simple raceme of bracteate, elongate
multifollicles (X 1); B, reconstructed bracteate pedicel of the multifollicle attached to the raceme axis (X 3); C, cuticle of
pedicel with a brachyparacytic stomate (X 200); D, longitudinal section of seed, showing cuticles of outer integument (smooth
outer layers), inner integument (wavy lines), nucellar cuticle (smooth inner layer), megaspore membrane (dashed line), and mega-
spore contents (stipple) (X 40); E, follicles, cut away to reveal placentation of seeds (X 5).
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Systematic paleobotany of a new early angiosperm fructification
Kingdom Plantae
Division Anthophyta
Class Dicotyledonae
Subclass and order incertae sedis
Family Priscaceae fam. nov.

This family is intended for fructifications like Prisca reynoldsii and other organs, such as leaves, pollen
organs, staminate inflorescences and woods, which appear related to and distinctive of plants with such fructifi-
cations. At present, the nature of the family will have to be inferred from the diagnosis of its only genus
Prisca. A more detailed definition of the family and its higher taxonomy are deferred until further representa-
tives and allied fossils are better understood. Although leaves referred to Magnoliaephyllum are attributed to
Prisca reynoldsii, leaves of this kind are also found in several modern angiosperm families, similarly defined on
their reproductive structures. Thus, although the leaves of some Priscaceae are known, they can only be referred
to a form-genus for dicotyledonous leaves of uncertain familial status.

Genus Prisca gen. nov.

Diagnosis: Lax, fruiting racemes of alternately and distantly-arranged multifollicles; multifollicles
elongate, consisting of slender pedicel and receptacle, subtended by small, stem-clasping bracts; bracts with sub-
acute apex and open, reticulate venation; receptacles elongate, flexuous, bearing numerous helically-arranged
follicles; follicles with commissure directed adaxially, subcarnose, globular to ellipsoidal when involute, sub-
rectangular with two lateral sinuses and prominent marginal involution when open; seeds numerous, ellipsoidal,
orthotropous, bitegmic, smooth, attached by short funicle to involute follicle margin, directed obliquely towards
apex and interior of follicle.

Cuticles of pedicel, carpel walls and outer cuticle of outer integument of seed all thick, with straight cell
outlines and scattered sunken, brachyparacytic stomata; inner cuticles of seed thin, non-stomatiferous, prom- -
inently wrinkled; innermost membrane smooth, featureless.

Type species: Prisca reynoldsii sp. nov.

Derivation: The generic name is derived from the Latin adjective priscus (old, old-fashioned, ancient)
used as a feminine proper name.

Prisca reynoldsii sp. nov.

“Fruit-bearing catkin”, DiLcHER, 1979, p. 311, figs. 48, 52.

Diagnosis: Prisca with slender (1.0—1.2 mm diameter) raceme axis, multifollicles alternate, distantly
(13—14 mm apart) spaced, bracteate; bracts up to 5.9 mm long, with subacute apex and with prominent open,
reticulate venation; multifollicles elongate, consisting of slender pedicel, 0.8—1.4 mm in diameter and 13.8—
437 mm long, and an elongate receptacle, 0.4—1.7 mm wide and 50.4—73.4 mm long, bearing 50—90 follicles
arranged in a close helix; follicle subcarnose, subglobular to ellipsoidal when infolded 1.8—3.6 mm long, 1.4—
3.1 mm wide, subrectangular with prominent involute margin and lateral sinuses when opened out flat, attached
by short, pseudostipitate base to receptacle; seeds 2—6, ellipsoidal, 0.6—1.1 mm long, 0.3—0.7 mm wide, biteg-
mic, orthotropous, attached to involute margin of follicle by short funicle.

Cuticles of pedicel, carpel walls and outer cuticle of outer integument of seed all thik (1—5 um), with
straight, wide (1—8 um) cuticular flanges delineating epidermal cells and scattered, sunken, brachyparacytic
stomata (12—24 um long by 22—42 um wide) and rare, scattered, radially arranged cells of possible hair bases;
inner cuticles of seed thinner (1—3 um), prominently wrinkled, defining a prominent conical pollen chamber
inside the micropyle; nucellar cuticle thin (1—2 um) with indistinct cellular outlines; innermost membrane thin
(1—3 um), structureless, enclosing convoluted, translucent, dark organic material.
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Holotype: Specimen IU15706—3042 and its counterpart TU15706—3042; a large fruiting axis with
three attached multifollicles (Text-fig. 2a, fig. 1).

Type locality: In the upper bench at the southern end of the northern clay pit (as of 1977—1979),
see IU15706 in text-fig. 8), southwest of Hoisington, Kansas; upper Dakota Formation, early Cenomanian (rnid-
Cretaceous).

L

Text-Fig. 2. Prisca reynoldsii sp. nov.; A, raceme of bracteate multifollicles (holotype, 1U15706—3042); B—D, detail of apical to
basal nodes (respectively) of holotype, solid lines are natural outlines, dotted lines are broken outlines, dashed lines are ridges
of rock on the impression, crossed lines are furrows in the rock of the impression, cross-ruled areas are natural surfaces plunging
vertically into the rode matrix (X 5); E, reconstruction of transverse section of pedicel of multifollicle (X 5); F—G, multifollicles
with both basal and apical follicles preserved; F, IU15706—3040; G, IU15706—3051; H, exceptionally large multifollicle (IU15706—
3047); 1, flexuously-bent multifollicle (IU15714—3024); J, multifollicle with long pedicel, TU15706—3044; K, decayed multifollicle,
TU15714—3024; L—M, naked receptacle without follicles, part and counterpart; L, 1U15703—2586; M, IU15703—2086’. All speci-
mens natural size unless otherwise specified.

Material: Prisca reynoldsii is represented by over one hundred specimens in our collections of over
3,000 specimens made prior to the end of 1978 from the uppermost Dakota Formation in central Kansas. These
fossils are housed in the Paleobotanical Collection, Department of Geology, Indiana University. Specimen num-
bers are prefixed by IU and include a five-figure locality number and a four-figure specimen number. The
following specimens have been selected as representative from Hoisington (IU15706—3040, 3042 to 3044, 3047
to 3053, 3056 to 3057) and from Linnenbergers’ Ranch (specimens 1U15703—2585 to 2587, 2589, 2603, 2604,
2606, 2609, 2613 to 2614, 2617 to 2618; IU5714—3024).

Derivation: This species is named in honour of Dr. Howarp C. Revnorps, who first found the
“discovery site” (Linnenbergers’ Ranch, TU15703), which provided the first structurally-preserved megafossil
plants from the Dakota Formation of Kansas.
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Description

Fruiting axis: The holotype shows clearly the organization of the fruiting axis. Each of the alternately
arranged, bracteate fruiting stalks with its helically-arranged follicles is a multifollicle. Thus the entire fruiting
shoot preserved is a simple raceme. The central axis of the raceme appears fibrous and is broken up by coal cleat,
so was evidently woody. Invoking WALTON’s (1936) compression theory, the diameter of the raceme axis aver-
ages 1.1 mm (range, = 1.0—1.2 mm, number of measurements, n = 3) in the internodes and 1.7 mm (r = 1.5—
1.8 mm, n = 3) at nodes. The raceme axis increases in diameter towards the base of the fruiting shoot and has a
zig-zag course, diverging from the pedicels attached at each node. Only two complete internodes are known, one
12.8 mm long and a more basal one 13.6 mm long.

Multifollicles: Each of the pedicels of the multifollicles is subtended basally by the remains of a
bract. This clasped the main axis of the raceme for a little more than half its diameter. These bracts have an acute
apex and apparently reticulate venation. Bracts are only preserved on the holotype. The most complete is 5.9 mm
in length. The poor preservation of this organ and its wide angle of divergence from the fruiting pedicel and
from the axis of the raceme, may be due to withering before burial.

Complete pedicels of the multifollicles average 1 mm in diameter (r = 0.8—1.4 mm, n = 13) and 21.3 mm
long (r = 13.8—32.8 mm, n = 4). On the holotype raceme, the pedicels increase in length from apex to base;
from 13.8 mm, to 14.7 mm, to greater than 20.9 mm, to 23.9 mm. Incomplete longer pedicels (more than
43.7 mm) were found on isolated multifollicles (Text-fig. 2J). This could be an indication that the racemes
were originally larger and consisted of more multifollicles than our most complete specimen.

An abscission scar was found at the base of the pedicel in one isolated multifollicle (Figs. 3—4). This is
indicated by a basal flaring and basalmost constriction of the pedicel margins and of the central pair of fur-
rows, and also by a moderate development of terminal callus. Evidently some entire multifollicles were shed
from the living plant.

The compressed pedicels commonly show two dark, central lines, parallel to the margin. In cuticular pre-
parations, these are a pair of grooves on one side of the pedicel (Text-Fig. 3H, Fig. 34). From the relationships
of these at each of the nodes of the holotype (Text-Figs. 2B—2D), they appear to be two grooves defining a
broad central rib on the abaxial side of the pedicel (Text-Fig. 2E). The vascular strand appears as a thin car-
bonized line between these grooves on some specimens (Fig. 4).

The pedicel is covered by a thick (x = 29 um, r = 1—5um, n = 11) cutlcle, with straight, wide (& =
3um, r = 1—8 um, »n = 103) cuticular flanges separating the outer portions of the anticlinal walls of the
epidermal cells (Fig. 34). The cuticle has scattered, radially-arranged cells of possible hair bases and also some
brachyparacytic stomates (Text-Fig. 3K, Fig. 36). The stomates are mostly arranged with their stomatal
openings transverse to the axis of the pedicel (Text-Fig. 3I). The entire stomatal complex averages 20 um long
(parallel to the guard cells, r = 18—23 um, n = 8) and 34 um wide (r = 30—42 um, n = 8). Subsidiary
cells average 22 um long (parallel to guard cells, r = 14—36 um, n = 16) and 8 um wide (r = 7—11 um, n =
16). The outer surfaces of the individual cells in the cuticle of the pedicel are moderately bulging. In some
areas of the pedicel, particularly around the abaxial grooves (Fig. 34), these bulging outer walls may be folded
into irregular, elongate, often-branching ridges. These are restricted to folds in the cuticle, and may be due
to pressure during burial and compaction, rather than original features of the plants.

The receptacle of the multifollicle has a width averaging 0.8 mm (r = 0.4—1.7 mm, n = 21) and a length
averaging 63.8 mm (r = 50.4—73.4 mm, n = 6). The entire length of the receptacle is covered by closely-
spaced, helically arranged follicles. Counts of follicles visible on relatively complete specimens averaged 46
(r = 38—62, n = 6). An estimate of the original number was gained by re-counting each specimen with allow-
ance for follicles indicated by the organotaxy but not visible on the exposed surface of the specimen. This indicat-
ed an average number of about 66 follicles per multifollicle (r = 50—90, n = 6).

Follicles: The follicles are ellipsoidal to globular in shape, averaging 2.7 mm long (r = 1.8—3.6.n =
112) by 2 mm wide (r = 1.4—3.1 mm, n = 77). They are of relatively even size and spacing for most of the
length of the receptacle except at the apex. There they appear more narrowly elongate, ellipsoidal and smaller
than elsewhere on the receptacle, averaging 1.7 mm long (r = 1.0—2.2 mm, n= 6) by 1.0 mm wide (r = 0.5—
14mm, n = 5). The follicles are attached to the receptacle by very short bases averaging 0.8 mm wide
(r = 0.4—1.2 mm, n = 21).
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Text-Fig. 3. Prisca reynoldsii sp. nov.; A—C, macerated follicles atrached to receptacle (all X 25); A, IU15703—2613, SEM#659;
B, 1U5703—2606, SEM#813; C, 1U15703—2606, SEM#812; D—E, seeds attached to follicle (X 25); D, 1U15703—2609, SEM#
811; E, TU15703—2609; F, seced, showing inner cuticle of outer integument (peeled outwards lower right), outer cuticle of inner
integument (wrinkled cuticle outlined by inner heavy line), nucellar cuticle (thin line) and megaspore contents (innermost heavy
line and dense stipple), drawn from Fig. 29, 1U15703—2585 (X 100); G, funicle of seed in outer integument, IU15703—2606
(X 100); H—I, fragments of pedicel cuticle, solid lines are natural folded edges, dotted lines are broken edges, dashed lines are
ridges of cuticle (as seen from inside pedicel), crossed lines are depressions in the cuticle (as seen from inside), short bars are
stomatal openings, lined area is double thickness of cuticle, TU15703—2585 (X 20); J, reconstruction of transverse section of
stomate, with cuticularized (solid lines) and non-cuticularized (dashed lines) cell walls (X 50); K—M, stomates; K, cuticle of pedicel,
TU15703—2585 (X 500); L, exterior of-outer integument seed cuticlé, ITU15703—2609, SEM#808 (X 500), M, interior of outer follicle
cuticle, IU15703—2609, SEM#811 (X 500).
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The cuticles of the follicle are a little more uneven and wrinkled, but otherwise similar to those of the
pedicel (Fig. 35). More or less straight cuticular flanges delineate irregular polygonal cells. The outer cuticle
of the follicle averages 3 um thick (r = 2—5 um, n = 48). The cuticular flange separating the outer portion
of the anticlinal walls of the epidermal cells averages 3 um wide (r = 1—5 pum, n = 61). Maximum dimension
of the cells averages 24 um (r = 13—43 um, n = 56). The inner cuticle of the follicle is comparable, averaging
2.5 um thik (r = 1—4 um, n = 61), the cuticular flanges averaging 3 um wide (r = 2—5 um, n = 95)
and maximum dimension of the cells averaging 23 um (r = 10—40 um, n = 85). Only two stomates were seen
in preparations of the follicles (Text-Fig. 3M, Figs. 35, 38). These are similar in shape, size and organization to
stomates found on the pedicel and outer integument of the seed of Prisca reynoldsii and also to stomates of
associated leaves of Magnoliaephyllum: length (parallel to guard cells) of stomatal complex 19 and 24 um;
width of stomatal complex 25 and 26 um; length of subsidiary cells parallel to guard cells averaging 20 um (r =
19—22 pum, n = 4); width of subsidiary cells all 10 um. The stomatal opening of these two follicular stomates
is poorly defined and both appear to be partly occluded. It is possible that stomates became non-functional with
maturation of the fruit, as in some modern angiosperms (Esau, 1953, p. 593).

The continuity of the cuticle from the follicle to receptacular axis without any evidence of other organs or scars
of abscised organs, indicates that Prisca reynoldsii is indeed a multifolliculate infructescence, rather than a more
complex structure like that of modern Leguminosae, Juglandaceae, Garryaceae, Salicaceae or Chloranthaceae. Al-
though the junction between the follicle and receptacle is irregularly torn in many preparations, the continuity of
the cuticle in this area is clearly seen in light microscope (Figs. 32, 33) and scanning electron microscope (Text-
Figs. 3A—C, Figs. 18—20, 23).

There are no papillate or pilose surfaces on the follicles which could be interpreted as former stigmatic
areas (Figs. 18—23, 39). Scanning electron microscopy of the outside margin of the follicles shows them to be
smooth with fine ridging at the very edge (Fig. 39). Much of the inside of the follicle is also smooth (Fig.
39), except for a zone of bulging cell walls near the margin and around funicle bases from which seeds have
evidently abscised (Fig. 22). In light microscopic preparations of the follicle, radially arranged cells are occas-
ionally found, but none have attached remnants of hairs, characteristic of hair bases in other fossil cuticles (see
TraowMas, 1933). The fructification may have been sparsely hairy during early development, similar to many
young plant organs (Esau, 1953, p. 159). At maturity the follicles of Prisca reynoldsii were apparently glabrous.

When living, the follicle was evidently subcarnose, neither excessively fleshy nor woody. The relatively
wrinkle-free surface of the follicles is best seen in natural compressions (Fig. 17) and unmacerated transfer pre-
parations (Fig. 15) rather than remains whose internal contents have been removed by oxidative maceration
during preparation (Text-Figs. 3A—D, Figs. 18—23). Associated woody twigs and logs have a characteristic
fibrous texture and are broken into small cubes (coal cleat), quite unlike the multifollicles of Prisca reynoldsii.

Seeds: The seeds are ellipsoidal and orthotropous. Two to six seeds are attached to the inside margin of
the follicles, with their micropylar ends directed towards the interior of the follicle (Fig. 27). The total number
of seeds in each follicle was calculated from a simple doubling of the number of seeds attached close to each
other on follicle remnants and was augmented by observations on compressed specimens (Text-Figs. 5B—C,
Figs. 9, 13—14).

The attachment stalk (funicle) of the seed is short and stout (Text-Fig. 3G, Fig. 30). In some scanning elec-
tron microscope preparations the funicles are vertically flattened and appear as areas without cellular pattern on
the inner cuticular surface of the follicles (compare Text-Fig. 3C and Fig. 18). In one preparation the funicle is
laterally folded (Fig. 22). This preparation shows a calloused abscission layer on the broken funicle. Thus,
some seeds were probably abscised while the follicle remained attached to the plant.

The seeds are small, averaging only 0.8 mm long (r = 0.6—1.1mm, n = 6) by 0.5 mm wide (r = 0.3—
0.7 mm, n = 6). Their outer surface is smooth. The micropylar end of the seed appears to have been ab-
ruptly truncated, although well-preserved in few preparations (Text-Figs. 3E, F, Fig. 29).

The seeds have two distinct integuments which are separated almost to the chalazal end of the
seed. The megaspore of the seed is thus enclosed in six cuticular envelopes (Text-Fig. 1D). These are
the outer and inner cuticles of the outer integument, the outer and inner cuticles of the inner integu-
ment, the nucellar cuticle and a structureless membrane. The outer cuticle of the outer integument
is smooth (Text-Fig. 3G, Figs. 25, 30) and thik (£ = 2.3 um, r = 1—4 um, n = 27), with wide cuticular
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flanges delineating the epidermal cells (¥ = 3 um, r = 1—5 um, n = 72) and irregular polygonal cells (maxi-
mum dimension averaging 17 um, r = 8—39 um, n = 60). The inner cuticle of the outer integument is similar
in thickness (2 = 2.4 um, n = 15), with narrower cuticular flanges (X = 1 um, r = 1—2 um, n = 19) and
irregular polygonal cells of comparable size (X = 15 um, r = 9—24 um, n = 21). A single stomate was found
on the outer cuticle of the outer integument of a seed (Text-Fig. 3L, Fig. 37). This is of a similar kind and size
to stomates found on the pedicel and follicles of Prisca reynoldsii and also in associated fossil leaves referred to
Magnoliaephyllum. The dimensions of this stomate are: length (parallel to guard cells) of stomatal complex
12 um; width of stomatal complex 22 um; length of subsidiary cells, each 13 um; width of subsidiary cells, each
9 um. As in modern angiosperms, stomates are rare in seed cuticles. They are found occasionally on the outer
integuments of the ovules of modern angiosperms (MaHESHWARI, 1950, p. 58).

The barrel-shaped, smooth outer integument may be contrasted with the slightly-constricted tubular apex
and strong longitudinal wrinkling of the inner integument (Text-Fig. 3F, Figs. 26, 29—31). This may indicate
that the inner integument was much thicker and more fleshy than the outer integument. The outer cuticle of

the inner integument has an average thickness of 1.6 um (r = 1—3 um, n = 45), cuticular flanges averaging
2 um wide (r = 1—3 um, n = 43) and irregular polygonal cells averaging 14 ym in maximum dimension
(r = 9—26 um, n = 43). The inner cuticle of the inner integument is comparable in thickness( ¥ = 1.5 um,
r = 1—2 um, n = 17), in width of cell outline (X = 1.2um, r = 1—2um, n = 34), and in maximum

dimensions of the cells ( £ = 16 um, r = 10—26 um, n = 30).

The inner integument is thickest towards the micropylar end of the seed and forms a conical chamber taper-
ing towards a narrow micropylar opening (Fig. 31). The floor of this chamber appears to be raised as a low cen-
tral dome, but the nucellar cuticle over this dome does not appear to be disrupted. The nucellar cuticle extends
very close to the chalazal end of the seed (Figs. 28, 29). It is the most delicate of all the cuticles which have a
cellular pattern, averaging only 1.1 um thick (r = 1—2 um, n = 14), with cuticular flanges averaging 1 um
wide (r = 1—2 pm, n = 7) and the maximum dimension of polygonal cells averaging 18 um (r = 9—26 um, n =
10).

Within the nucellar cuticle is an additional membrane (Figs. 28, 31). This is a dark, structureless, granular
layer of moderate thickness (8 = 1.6 um, r = 1—3 um, n= 14), completely enclosing the inner seed contents.

The innermost membrane commonly encloses convoluted, yellow and gold organic material (Figs. 27—29,
31). This material may have pronounced bilateral symmetry or a deep apical notch (as shown by the inner-
most heavy line in Text-Fig. 3F, sce also Figs. 29, 31).

Comparison

A few described fossil fructifications are similar to Prisca reynoldsii, but these are believed to be separate
taxa for reasons outlined below.

The most completely known ecarly angiosperm fructification of a similar basic plan to that of Prisca rey-
noldsii, is Caspiocarpus paniculiger, found attached in the axils of leaves referred to Cissites sp. cf. C. parvi-
folius (VakHRAMEEY & KrassiLov, 1979). This remarkable specimen was found in the middle Albian Kizil-
schenskaya Suite near Kizil Schen in western Kazakhstan. Its geological age was assessed by associated angio-
sperm-like leaves, by marine rocks higher in the sequence and by lithological correlation with the marine sequence
in the valley of the Emba River to the west (VAKHRAMEEYV, 1952). Each axillary fructification consists of three
elongate fertile axes, one terminal and two alternate. The fertile axes apparently consist of helically-arranged
shorter axes, each shorter axis bearing about ten helically-arranged follicles. It is evidently a more complex
fructification than Prisca. No other organs or their scars were found which would indicate the nature of the
shorter axes of Caspiocarpus. The individual follicles of Caspiocarpus are similar to those of Prisca, although
only about one third the size and a little more elongate. Like those of Prisca, the seeds of Caspiocarpus are biteg-
mic. According to VAKHRAMEEV & KrassiLov (1979), the sceds of Caspiocarpus are anatropous, although they
appear quite symmetrical in the figures and the indicated raphe looks more like an incompletely oxidized por-
tion of the seed. It is also uncertain whether Caspiocarpus is a flower or fruit. Only a single leafy shoot with
three axillary fructifications has been found. Immature features of the specimen include its thin cutinization,
possible herbaceous nature, attachment of relatively complete fructifications, and the weakly cutinized or un-
cutinized apical seeds compared with the better cutinized and larger basal seeds within the follicle. If immature
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or near the flowering stage of reproduction, then the fruits of the plant producing Caspiocarpus may not have
been very different from Prisca. Without further data, it is impossible to assess whether its affinities lie with
Prisca or with modern Ranunculales. Ranunculalean affinities were suggested by VakHrRAMEEV & KrassiLov
(1979) largely on the basis of vegetative features of the fossil shoot.

Several small seed-like fossils have been found in palynological preparations from the Dakota Formation
in Minnesota (HALL, 1963). One of these, Spermatites sp. (HaLL 1963, p. 441, fig. 33) is of comparable size
to the seed of Prisca reynoldsii, although it has a more conspicuously wrinkled internal cuticle (inner integu-
ment?). Even more common in these palynological preparations are bilaterally-symmetrical, homogeneous, brittle
bodies, Microcarpolithes hexagonalis (HaLyL, 1963, p. 440, Fig. 34), which are similar to the organic internal
bodies in seeds of Prisca reynoldsii, although rather more elongate.

Superficially similar to Prisca, although a little smaller, is the impression labelled “Plantae incertae sedis,
an angiospermous infructescence” by SEwarD & Conway (1935), from Late Cretaceous (probably Senonian
according to Kocwn, 1964) rocks in Greenland. This impression fossil is poorly understood.

Affinities

Prisca reynoldsii is best regarded as part of an extinct group of angiosperms characterized by elongate,
unisexual multifollicular axes. Prisca and Caspiocarpus are the only structurally-preserved fossils of this kind
known in any detail. Numerous lesser known fructifications also appear to be unisexual and consist of axes
bearing helically-arranged follicles. This organization was evidently common in early Cretaceous angiosperms,
for example “Carpolithus” geminatus, “C.” sessilis and “Capsules sp.” of FONTAINE (1889) from the Patuxent
Formation at Dutch Gap Canal, Virginia, U.S.A. of late Barremian to Aptian age (DoviLe & HickEy, 1976);
“Carpolithus” ternatus and “C.“ fascicularis of FonTaINE (1889) from the Arundel Clay at Fredericksburg, Vir-
ginia, US.A. of early Albian age (Dovie & Hickey, 1976): and “Carpolithes” kararcheensis from the same
middle Albian formation as Caspiocarpus near Karache Tau in western Kazakhstan, US.SR. (VAKHRAMEEV,
1952; VAKHRAMEEV & KrassiLov, 1979). Comparable fructifications are also common in Late Cretaceous and
early Tertiary floras of the northern hemisphere and have been called reproductive axes by DircmERr (et al,
1976; DiLcHER, 1979), “Carpolithus arcticus” by Hickey (1977), Trochodendrocarpus (by KrassiLov, 1973,
1977a), Jenkinsella by CHANDLER (1961) and Cercidiphyllum by Brown (1939, 1963), Becker (1961, 1969,
1973), CHANDRASEKHARAM (1974) and CraNE (1978).

Prisca reynoldsii was evidently a very different plant from any living today particularly in its unique
combination of unisexuality and elongate multifollicular reproductive axes. It probably belongs to an extinct
group of angiosperms. It is quite unlike previous concepts of ancestral angiosperms or those regarded as living
fossils (TAKHTAJAN, 1969). Both Cercidiphyllum (Cercidiphyllaceae, Hamamelidales of CronguisT, 1968) and
Schisandra (Schisandraceae, Magnoliales) have unisexual, multifollicle-like fructifications. Both also have such
fundamental differences from Prisca reynoldsii that they cannot be regarded as closely related.

Cercidiphyllum has unisexual flowers, parietal placentation, follicular fruits and lacks perianth parts. Cerci-
diphyllum differs from Prisca in its more elongate follicles, which form a cluster at the end of the pedicel and
open extrorsely (Fig. 53). Fossil fructifications identified as Cercidiphyllum and (perhaps more appropriately) as
Jenkinsella are found in rodss as old as Paleocene, at which time the follicles were arranged on more elongate
receptacles than in the living species (BROwN, 1939, 1962; CHANDRASERHARAM, 1974; CRANE, 1978). The living
Cercidiphyllaceae includes only two species endemic to China and Japan (LAWRENCE, 1951; SPONGBERG, 1969).

Schisandra has unisexual flowers and fruits with an elongate receptacle. There is a conspicuous zone of scars
at the base of the fruiting receptacle, where the perianth was attached, and the fruits are large (5—15 mm long
by 4—12 mm in diameter), fleshy, indehiscent and drupe-like (Fig. 52). According to Smrta (1947), the fruiting
receptacles of Schisandra are mostly solitary or paired. A branched fructification is only found in one species,
Schisandra plena. A variety of leaf shapes and margin types can be found in the 47 extant species of Schisan-
draceae recognized by Smrth (1947). The stomatal complexes of the Schisandraceae are paracytic and flanked
by distinctive concentric ridges of cutin (JAHNICHEN, 1976; BAILEY & NasT, 1948). The Cenozoic fossil record
of the Schisandraceae indicates that the family had differentiated by the Eocene and was once widespread across
Laurasia, ranging from North America and western Europe to the eastern end of the Black Sea, China and
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Japan (JAHNICHEN, 1976; Bongs, 1978; Peking Institute, etc., 1978). Living Schisandraceae are confined to south-
eastern North America and southeast Asia (SmitH, 1947).

The likely leaves of Prisca reynoldsii

On the basis of close association as common elements of the fossil flora and cuticular similarities, the leaves
of the plant producing Prisca reynoldsii were probably simple, coriaceous, entire-margined and narrowly ovate
to lanceolate, with second-rank festooned-brochidodromous venation (nomenclature after Hickey, 1973, 1977).
These fossil leaves are provisionally referred to Magnoliaephyllum sp.

Prisca reynoldsii is one of the most common fructifications in our collections of several thousand specimens
of fossil plants from the upper Dakota Formation in central Kansas and southern Nebraska. We have over one
hundred specimens of Prisca from Hoisington (locality IU15706 in Text-Fig 8, see for example Text-Fig. 2A,
Fig. 1) and Linnenbergers’ Ranch (locality IU15703 inText-Fig. 7, see for example Text-Fig. 5, Figs. 8—15).

Magnoliaephyllum leaves are also common at Hoisington (Fig. 1, lower left center) and on Linnenberger’s
Ranch (Text-Fig. 4, Figs. 40—47). A variety of other fossil leaves also occur at Hoisington, but are not preserv-
ed sufficiently well for cuticular preparation. This locality provides evidence for the association of Prisca rey-
noldsii and Magnoliaephyllum, but our collections from Linnenbergers’ Ranch also provide anatomical evidence
for attributing these organs to the same plant. The epidermal cells and stomates of Magnoliaephyllum leaves from
Linnenbergers’ Ranch, described below, are identical to those of Prisca reynoldsii,in both size and shape. Magnoliae-
phyllum leaves appear very coriaceous and have the thickest cuticles of all the leaves at Linnenbergers’ Ranch.
The cuticle of Magnoliaephyllum is hypostomatic, with wide, straight cuticular flanges delineating the epidermal
cells and brachyparacytic stomatal subsidiary cells (Text-Figs. 4D—F, Figs. 43—46). The cuticle of the fossil
leaves is identical to that of Prisca reynoldsii even to the extent of the following measurements, which may
be compared with those given in the description of the fossil fructification: width of cuticular flanges in upper
cuticle (average, X = 3 um, range, r = 1—5 um, number of measurements, n = 155), thickness of upper
cuticle measured in folds (X = 3 um, r = 1—5 um, n = 86), width of cuticular flanges on lower cuticle (X =
2um, r = 1—3 um ,n =139), thickness of lower cuticle (X = 2 um, r = 1—3 pm, n = 113), length of stomatal
complex parallel to guard cells (& = 28 um, r = 11—39 um, n = 96), width of stomatal complex (X = 36 um,
r = 14—48 um, n = 96), subsidiary cell length parallel to guard cells (¥ = 27 um, r = 1156 um, n = 96) and
subsidiary cell width (& = 14 um, r = 5—22 um, n = 96).

The attribution of Magnoliaephyllum leaves and fructifications of Prisca reynoldsii to the same extinct
plant, is further indicated by the lack of any other likely conspecific leaves at Linnenbergers’ Ranch. Other
fossil leaves there are either non-angiospermous, or have different cuticular structure, more like that of other
associated angiosperm fructifications. Non-angiospermous leaves are rare at Linnenbergers’ Ranch. They include
sphenopterid fern-like fragments, Brachyphyllum — like conifer shoots and parallel-veined bract-like structures.
Very rare palmately-lobed angiosperm leaves, with actinodromous venation evidently had a very thin cuticle,
which we have not yet been able to prepare. Other rare angiosperm leaves with coarsely dentate margins have
distinctive, strongly papillate cuticles with anomocytic stomata. Imparipinnately compound leaves of Sa-
pindopsis found at Linnenbergers’ Ranch (DILCHER, et al., 1978, Fig. 1B) also have a distinctive cuticle with
mixtures of anomocytic, paracytic and laterocytic stomata and hair bases straddling adjacent epidermal cells.
Leaves of Liriophyllum from here, have been attributed to a different kind of ovulate reproductive axis (DiL-
CHER, et al., 1976, 1978; DILCHER, 1979), because both leaves and fructifications contain small (40—50 um dia-
meter) resin bodies. Other leaves found at Linnenbergers’ Ranch are similar to the likely leaves of Prisca rey-
noldsii in being entire margined and simple, with thick hypostomatic cuticles and brachyparacytic stomata. These
leaves differ from those attributed to Prisca reynoldsii, in being narrowly ovate to lanceolate, with secondary
veins at a more acute angle to the midrib and also in having prominent resin bodies adhering to the cuticle. We
have also found an impression fossil at Hoisington (IU15706—3063 and 3063, part and counterpart) of these
narrower leaves attached to a twig with axillary multifollicular axes quite unlike those of Prisca reynoldsii.

Magnoliaephyllum is a common fossil leaf in the mid-Cretaceous upper Dakota Formation in Kansas. These
are simple entire-margined, coriaceous, narrowly-ovate to lanceolate and have second rank, festooned-brochido-
dromous venation (Text-Figs. 4A—C, Figs. 40—42). The lamina of the few complete leaves in our collection
ranges from 141 x 41 mm to 54 x 26 mm in size. Their apices are attenuate to acute and the base of the lamina
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is decurrent onto a wide (1.5—2.6 mm) petiole. Several leaves with callosed abscission scars were found. One of
these (Text-Fig. 4C, Fig. 41) has a petiole 16.9 mm long, of a leaf with a maximum half-width of 18.3 mm
and a likely length in excess of 130 mm. This specimen also shows two light seams in the midrib close to the
base of the lamina (Fig. 41), perhaps an indication that the midrib consists of three discrete vascular strands.
Another specimen (Text-Fig. 4G, Fig. 47) has two ridges on the adaxial side of the petiole, indicating that it
may have had a shallow adaxial sulcus during life (Text-Fig. 4H).

Similar leaf impressions from the ferruginized sandstones of the Dakota Formation in Kansas and Nebraska
have been identified by LESQUEREUX as “Andromeda Parlatorii Heer” (1892, p. 115, pl. 19, fig. 1, pl. 52,
fig. 6), “Diospyros ? celastroides” (1892, p. 113, pl. 20, fig. 7), “Diospyros primaeva” (1892, p. 109, pl. 20,
figs. 1—3), “Ficus Berthondi” (1892, p. 78, pl. 12, fig. 3), “Ficus inaequalis” (1892, p. 82, pl. 49, figs. 6—9,
pl. 50, figs. 3, 6), “Ficus praecursor” (1892, p. 81, pl. 49, fig. 5), “Magnolia alternans HeEr” (1874, p. 92, pl.
18, fig. 4), some “Magnolia speciosa Heer” (1892, p. 202, pl. 60, fig. 3 only), some “Phaseolites formus” (1892,
p. 147, pl. 55, figs. 5, 12 only), “Phyllites species” (1892, p. 216, pl. 59, fig. 7), “Salix deleta” (1892, p. 49,
pl. 3, fig. 8), and “Salix Hayei” (1892, p. 48, pl. 3, fig. 7). The taxonomic variety of these identifications partly
reflects the valid observation that similar leaf form and venation are common in a variety of living angio-
sperms (HICkEY, 1977). Moreover, Magnoliaephyllum-like leaves are more common in Cretaceous, than in sub-
sequent, fossil floras (HICKEY, 1978, in press), and were evidently widespread among extinct angiosperms. These
Cretaceous leaves are better understood by their associated fructifications, rather than by extensive comparison
with leaves of living angiosperms. As has been usual in the study of extinct Mesozoic cycadophytes and pteri-
dosperms, leaves of completely extinct angiosperms should also be referred to form genera. More comprehensive
descriptions of Magnoliaephyllum and other fossil leves from Linnenbergers’ Ranch (localities I1U15703,
IU15714) are in preparation. We are optimistic that detailed studies of leaf cuticles and associated fructifica-
tions will give a more accurate biosystematic concept of these plants than was possible with leaf impressions on
ferruginous sandstone, monographed by LEsQuEREUX (1874, 1883, 1892). For the moment we refer the likely
leaves of Prisca reynoldsii to the form genus Magnoliaephyllum, used in the broad sense of SEwARD (1926) and
SEwARD & CONWAY (1935). The genus Magnoliastrum GOPpERT (1854) has been used in a similar to be a senior
is based on a type specimen which appears to have higher rank venation. Magnoliastrum appears to be a senior
synonym of Magnoliphyllum Conwentz (1886). The genus Magnolioides ETTINGSHAUSEN (1886) has also been
confused with these genera, although it is based on a type specimen with markedly non-parallel secondary veins.

Paleoecology of the Prisca reynoldsii plant

Some aspects of the ecology of Prisca reynoldsii can be reconstructed from the functional morphology of
the fossils and from comparison with living plants. From this kind of evidence, discussed in the following para-
graphs, it is likely that the original plant producing these fossils was a tree or shrub. Both seeds and follicles
were probably dispersed by wind and water. A few features of its flowering stage can be inferred from the re-
mains at hand. These appear most compatible with pollination largely by wind, perhaps with some non-obliga-
tory insect pollination. With this kind of reproduction, Prisca reynoldsii was well-adapted for colonizing dis-
turbed areas, such as clearings, streamsides and shorelines.

Habit

Petioles of the Magnoliaephyllum leaves may reach a diameter of 2.5 mm at the abscission scar (Text-Fig.
4C, Fig. 41). They must have been borne on stems of equal or greater diameter, which were thus stouter than
the observed axis of Prisca reynoldsii. These abscission scars, the thick cuticles of Magnoliaephyllum and the
woody nature of the axis of Prisca reynoldsii (Fig. 2), are evidence that the plant was more likely a woody
shrub or tree rather than a herb. This conclusion is also compatible with the geological occurrence of Prisca
reynoldsii, which is abundant and associated with common fossil logs in a subautochthonous fossil plant accumu-
lation near coal-bearing paleosols containing large fossil roots.

The fructification, Prisca reynoldsii, has been reconstructed in a pendent life position (Text-Fig. 1). This is
based on the slender nature of the pedicel and main axis supporting long and heavy multifollicles (Text-Fig. 24,
Figs. 1, 2), on the dorsiventral symmetry of the cuticularized pedicels (Text-Figs. 3H, I, Figs. 3, 4, 34), on the
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Text-Fig. 4 (Legend see p. 117)
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specimens of flexuously-bent receptacles and multifollicles (Text-Figs. 2I, L, M, Fig. 7) and on comparison with
modern plants with elongate catkin-like fructifications, such as Schisandra, Tetracentron and Populus. The com-
plete fructification may have been larger than the size of the most complete apical portion found (Text-Fig. 2A,
Fig. 1). This is especially indicated by the occurrence of isolated multifollicles with exceptionally long pedicels
(Text-Fig. 2]J), as the pedicel length of the multifollicles increases towards the proximal end of our most com-
plete specimen.

The leaves of Magnoliaephyllum have clear abscission scars (Text-Fig. 4C, Fig. 41) indicating that they
were shed at intervals. This is not to imply that all the leaves were shed seasonally. Leaves may have been shed
during irregular periods of deteriorating conditions, seasonally or one at a time. Other early angiosperm fructi-
fications, such as Caspiocarpus from the Middle Albian of Kazakhstan (VaxuraMEEV & KRrassiLov, 1979) and
another fructification from the mid-Cretaceous of Kansas (IU15706—3063 and 3063°), are attached in the
axils of leafy shoots, so presumably formed while the plant was in full leaf. Prisca reynoldsii may have been
similar.

Fruit maturation

Several kinds of fossils here attributed to Prisca reynoldsii were probably fruits of different maturity, in-
cluding immature, ripe and partly decayed fruits. All have follicles of similar size and spacing, so none are
likely to be flowers or very immature fruits.

The various remains of Prisca reynoldsii can be arranged into likely maturation stages (Text-Fig. 5). Stage 1
(Text-Fig. 5A, Fig. 8) includes elongate multifollicles which have numerous smooth-walled ellipsoidal, involute
follicles, whose ovules or seeds, if present, are not cutinized. Stage 2 multifollicles (Text-Fig. 5B, Figs. 9, 17)
have more rounded, globular follicles with numerous obvious lumps corresponding to seeds. Several cuticular
preparations of seeds were made from remains of this stage. At stage 3 (Text-Fig. 5C, D, Figs. 10, 12—16) the
open follicles, with or without attached seeds, reveal their characteristic emarginate apex and lateral lobes (also
illustrated in Text-Figs. 3 A, C, Figs. 18—21). Remains of this kind are more numerous in our collections than
those of any other stage. Stage 4 (Text-Figs. 2K—M, 5E, Figs. 3, 7) is represented by fruiting axes with follicles
disintegrating to various degrees, isolated dehisced follicles and naked receptacles with only thinly-callosed,
pseudostipitate bases of the follicles remaining after they have presumably abscised.

Measurements of the spacing of the follicles (or of their bases in stage 4 remains), measured in vertical
rows, did not change significantly from stage 1 (average spacing, ¥ = 2.5 mm, range, r = 2.2—2.8 mm, number
measured, n = 9), to stage 2 (X = 2.3 mm, r = 1.1—3.6mm, n = 60), to stage 3 (X = 2.0 mm, r = 0.8—
37 mm, n = 122) or stage 4 (X = 2.4 mm, r = 1.4—3.1, n = 22). Similarly, the compressed follicle width
showed little change from stage 1 (8 = 2.1mm, r = 1.6—25mm, n = 12), to stage 2 (X = 1.9mm, r =
1.4—2.5 mm, n = 50) or stage 3 (£ = 1.9 mm, r = 1.6—3.1 mm, n = 15), after which stage fruit width is not
adequately preserved. Thus, no elongation of the receptacle or increase in fruit size is apparent in the develop-
mental stages recognized. As additional evidence that stage 1 remains are also fruits, similar ellipsoidal follicles
are present at the apices of all the suitably preserved stage 2 and 3 multifollicles (Text-Fig. 2F, Fig. 5).

Flower form and pollination

As all the fossils of Prisca reynoldsii appear to be more or less mature fruits, the nature of the flower
remains hypothetical, but for the following deductions.

Text-Fig. 4. Magnolinephyllum sp., the likely leaf of Prisca reynoldsii sp. nov.; A, leaf outline with midrib and secondary vena-
tion, TU15703—2262 (X 1); B, leaf apex, with imperfectly preserved details of areolation, TU15703—2666 (X 2); C, leaf base,
petiole and abscission scar, 1U15703—2263 (X 2); D, upper cuticle, IU15703—2631 (X 500); E, lower cuticle, TU15703—2631
(X 500); F, reconstructed transverse section of stomate, showing cuticularized (solid lines) and non-cuticularized (dashed lines)
cell walls (X 500); G, leaf base and petiole showing part of abscission scar and adaxial ridges, TU15703—3085 (X 5); H, re-
constructed transverse section of petiole (X 5). Text-Figs. 5B and 5C drawn from photographs of collodion peels of macerated
and cleared leaves mounted in glass with Harleco Synthetic Resin. Text-Figs. 5D and 5E drawn from light microscope prepara-

tions of macerated, separated and cleared cuticles.
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Text-Fig. 5. Prisca reynoldsii sp. nov., specimens of multifollicles interpreted as a maturation sequence; A, stage 1, ellipsoidal,
inrolled follicles with no apparent seeds (IU15703—2604); B, stage 2, globular inrolled follicles with seeds (IU15703—2613); C,
stage 3, open follicles with attached seeds (1U15703—2585); D, stage 3, open follicles without seeds (1U15703—2618); E, stage 4,
naked receptacle of multifollicle without follicles (IU15703—2586). Text-Figs. 5C and 5E show the smooth pedicel below the
basalmost follicles. All drawings five times natural size.

As in apparently all living angiosperms, and comparable organs of gymnosperms, the flowers were prob-
ably smaller than the preserved multifollicles. Perhaps the flowers were only one half to one quarter the size of
the multifollicle as in modern Magnolia (MiLLAIS, 1927), or perhaps as small as one tenth the size, as in Schi-
sandra (SMmiTH, 1947). A ten-fold increase in size from flower to fruit is the greatest amount of growth in an-
giosperm reproductive organs that we have found recorded in the literature. Well-differentiated fleshy fruits of
sweet cherry (Prunus aviwm) increase tenfold in size compared to the carpels during flowering (Tukey,
1933). Palms, including the cocount (Cocos nucifera) increase up to sevenfold in size (CORNER, 1966). The pod
of garden pea (Pisum sativum) is only five times the length of the gynoecium of the flower (FLinn, 1974).

The fruits of Prisca reynoldsii are covered by cuticle. They are neither waxy, woody or corky. Thus, some
evidence of flower parts such as nectaries, petals, sepals or anthers, would be expected in the form of scars if
they were present. These are clearly seen in fossil magnoliacean fructifications from the Focene Arkoses de
Ravel in France (Marty, 1915, fig. 4) and from the Miocene Clarkia Beds of Idahd (personal observations
of collections discussed by SmiLEY, Gray & Hucecins, 1975). Petal and anther scars are also prominent in
modern magnolialean fructifications (Figs. 51, 52). As these are absent in Prisca reynoldsii, its flower was also
most likely apetalate and unisexual.

In summary, it seems likely that even the flowers of Prisca reynoldsii had elongate receptacles, and so
were neither perfectly actinomorphic nor zygomorphic. They were probably also unisexual and apetalate, a syn-
drome of features found in modern wind-pollinated flowers (as discussed by FaeGri and van pER PijL, 1966;
WHITEHEAD, 1969). It is also possible that they were generalists, pollinated both by wind and a variety of insects,
like living Calluna and Salix (Fagcrr & VAN DER PijL, 1966, p. 119). Only specialized insect pollination seems
unlikely.



— 119 —

Dispersal

The propagules of Prisca reynoldsii appear to have been either whole follicles or seeds. This is evidenced by
specimens of seedless dehisced multifollicles (Text-Fig. 5D, Fig. 10), and naked receptacles from which all the
follicles have evidently abscised (Text-Fig. 5E, Fig. 11).

It seems unlikely that animals played any significant role in the dispersal of these propagules. The follicles
and seeds of Prisca reynoldsii lack any of the specialized modifications found in plant propagules transported by
clinging to animals (epizoochory as discussed by vaN DER Piji, 1972). Considering the poorly fleshed nature of
the follicles and the apparent lack of any protective stone or analogous structure in seed or follicle, the fruits
and seeds were not adapted for ingestion by animals. The diffuse shape of the fructification would have been a
poor visual attractant to animals which might disperse the seeds.

Prisca reynoldsii has none of the specialized spines or spring mechanisms found in various types of self
dispersal by either the mother plant or by the propagule itself (autochory of van pEr P1jL, 1972).

The seeds of Prisca reynoldsii may have been shaken from the follicles by swaying of the lax fructification
in the wind (a “wind ballist” of van pEr Piji, 1972). The fructification of Prisca reynoldsii was evidently
prominent, as it was large, lax and could easily have hung free of the Magnoliaephyllum leaves. It would have
been even more prominent if the plant was leafless when in fruit. The wing-like nature of the open follicle of
Prisca reynoldsii is not as well developed as in many modern propagules dispersed by the wind, but may
have been a crude functional analogue. When not opened out completely, the abscised open follicle could also
have acted as a small float to disperse seeds over standing bodies of water. ‘The small seeds themselves could
probably float or be blown considerable distances. Thus, the propagules of Prisca reynoldsii were probably dis-
persed in several very generalized ways, mainly by wind and water.

Reproductive ecology

The apparent wind pollination, large numbers of small seeds, wind and water dispersal and lack of any
evident interdependence on specific animal pollinators or dispersers, suggested for Prisca reynoldsii, is also a
syndrome found today largely in weeds and other early successional plants (Rorison, 1973; HENrIicH, 1976).
Thus Prisca had an evident potential for colonizing clearings, open woodland, fluvial or deltaic levees and cre-
vasse splays, and shorelines. In contrast to many such modern plants, Prisca reynoldsii was evidently a woody
shrub or tree. Larger woody plants of a similar early successional nature, include the river colonizing species
of Platanus (Moorg, 1972) and Casuarina (BEapLE, CAROLIN & Evans, 1972).

Mid-Cretaceous paleoenvironments and vegetation in Kansas

Although much can be Jearned by a biological interpretation of Prisca reynoldsii, its habitat and importance
in mid-Cretaceous vegetation in Kansas are also understood by considering the geological occurrence of the
plant fossils. From this evidence, we envisage Prisca reynoldsii as a woody shrub or tree of coastal swamp wood-
lands in interdistributary depressions bordering lagoons and sheltered interdistributary bays of a deltaic coastal
plain.

The following account is comprehensive, including our current understanding of all the sedimentary environ-
ments, fossil soils and fossil plant associations of the upper Dakota Formation in Kansas and Nebraska. We pre-
sent evidence for reconstructing coastal mid-Cretaceous environments and ecosystems, both in areas where Prisca
grew as well as where it did not.

Stratigraphy

The Dakota Formation in central Kansas was deposited between roughly 92 and 94 million years ago
(OBraDOVICH & CoBBAN, 1975) as a complex lagoonal and deltaic coastal plain overlying the late Albian
Kiowa shale and interfingering with and overlain by the early Cenomanian marine Graneros Shale (HATTIN, et
al., 1978). All the localities where Prisca reynoldsii and Magnoliaephyllum sp. have been found in the upper-
most Dakota Formation (localities TU15703, 1U15706, IU15714 in Text-Fig. 6) were coastal lagoon, inter-
distributary bay or distributary margin deposits transitional into the overlying marine shale.

Palacontographica Abt. B. Bd. 179 16
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Text-Fig. 6. Dakota Formation outcrop (stipple), U.S. highways (heavy lines) and Indiana University, Geology Department,
localities for megafossil plants (prefixed IU-) in central Kansas and southern Nebraska.

Several different kinds of sediments and fossil soils commonly found in the upper Dakota Formation in
Kansas are well-exposed in the extensive bluffs along the northern bank of the Saline River, just west of U.S.
highway 281, north of Russell (Text-Figs. 7A—C, Fig. 50, also photographs published by Rusey & Bass, 1925,
Fig. 7, SCHOEWE, 1952, pl. 2A and MerriaM, 1963, pl. 8B) and in clay pits south of Hoisington (Text-Fig. 8).
These include marine shale, marine sandstone, lagoonal tidally-influenced shale, ferruginized and bioturbated
marine-influenced sandstone, channel sandstone, interbedded sandstone and shale of former levees and a variety
of fossil soils. There are at least four kinds of fossil soils (paleosols) in the upper Dakota Formation; 1,
weakly-differentiated clayey paleosols; 2, coal-bearing paleosols; 3, weakly-differentiated sandy paleosols, and
4, well-differentiated reddish paleosols. Here, as in other terrestrial deposits (RETALLACK, 1977b), the nature of
the paleosols and their relation to sedimentary environments and collections of megafossil plants are an excel-
lent guide to the variety of coastal environments and vegetation in Kansas during mid-Cretaceous time.
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Text-Fig. 7. Megafossil plant localities and sedimentology of the upper Dakota Formation in Russell County, Kansas; A, map of
Russell County, showing Dakota Formation outcrop (stipple), Rocktown channel sandstone (vertical banding) and its paleocurrents
(open arrows), adapted from HATTIN, et al. (1978); B, schematic drawing of the exposures in bluffs along the north bank of the
Saline River, just west of U.S. highway 281, north of Russell; C, columnar section at locality IU15702 along the Saline River,
showing also equivalent stratigraphic levels of nearby plant fossil localities; D, columnar section at locality’s TU15703 and
TU15714, east of Linnenbergers’ Ranch-house, near Bunker Hill; E, columnar section at locality IU15716, west of Linnenbergers’
Ranch-house, near Bunker Hill.

Marine sandstone and shale

The Graneros Shale is a grey montmorillonitic shale, which crops out poorly on hillsides above the bluff-
forming sandstones of the upper Dakota Formation and contains a sparse fossil fauna of marine molluscs (Hat-
TN, 1965; Hattin, et al., 1978). North of Russell (Text-Fig. 7B) the outcrop of the lower Graneros Shale is
dark grey, littered with numerous selenite crystals and commonly stained with yellow jarosite blooms. Imme-
diately underlying the Graneros Shale is an orange-brown ferruginized sandstone, with numerous interbeds,
5_10cm thick of strongly-ferruginized orange-red sandstone. Much of this sandstone is strongly bioturbated
and, in places, there are ripple marks and accumulations of disarticulated marine bivalves. This sandstone is best
interpreted as a barrier or offshore bar (in the sense of SmEPARD, 1952). There are no obviously intertidal sedi-
ments seaward (up section) of this sandstone north of Russell, so it is unlikely to have been a chenier (as
described by REINECK & SiNGH, 1973).
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Similar sandstones, probably also formed as barrier or offshore bars, are present at the top of the Dakota
Formation near Hoisington (Text-Fig. 8D), although the outcrop is poor at these localities.

Tidally-influenced lagoonal shales

At several localities in the upper Dakota Formation in Kansas abundant fossil plants, including Magnoliae-
phyllum and Prisca reynoldsii, are found in tidally-influenced lagoonal shales.

North of the Saline River, just north of Russell (locality IU15702 in Text-Fig. 7) tidal influence is ev-
idenced by the opposed cross-stratification of sandy ripple marks within a shale unit. These sandy ripple marks
may be separated by discontinuous clay skins (flaser bedding) or completely isolated within the shale (linsel
bedding). Some bedding planes in the upper portion of this shale unit are littered with moderately-oxidized
fossil angiosperm leaves and irregular areas of finely comminuted plant debris. The fossil plant remains are
diverse and fragmentary, including both conifer shoots and angiosperm leaves. Magnoliaephyllum, like that
here attributed to Prisca reynoldsii, has been identified among these remains, both from its venation and cuticle
(specimen 1U15702—3174). A fish scale and four species of arenaceous foraminifera have been found in this same
shale unit only 100 m (300 ft) south of the bluffs shown in Text-Fig. 7B, in road cuttings east of U.S. highway
281 (HATTIN, 1965, locality 8). These indicate brackish water conditions during deposition (HATTIN, 1965).
Fossil mussels (Brachidontes arlingtonanus) have been found near the base of the shale unit in these same
bluffs (StemMERs, 1971, loc. 15). There are several living species of Brachidontes, all of which are found in near-
shore or lagoonal water of brackish and fluctuating salinity (see SiEMERs, 1976; Scort & TAYLOR, 1977). Thus
the shale unit including fossil plant locality TU15702 was evidently deposited in a brackish coastal lagoon.

In the clay pits south of Hoisington (Text-Fig. 8, Fig. 48), similar tidally influenced shales have been
excavated in the upper level of the workings (as of October 1978). In addition to flaser and linsel beds with
opposed cross sets, this shale unit also contains a variety of fossil burrows and trails, ferruginized horizons and
an horizon of isolated, internally cross-bedded, sandstone megaripples, each about 20 cm high. Fossil plants are
poorly preserved in this shale unit near the northern margin of the workings (locality IU15707). In laterally
equivalent shale 200 m to the south, both Magnoliaephyllum and Prisca reynoldsii are common in a diverse
assemblage of transported conifer shoots and other angiosperm remains, preserved as impressions in a light
brownish-grey shale (locality TU15706). This shale forms the C horizon of a weakly-differentiated fossil
soil, with sparsely scattered carbonized roots, ferric mottles and persistent relict bedding (Text-Fig. 8C).
These fossils were probably an accumulation of plant debris near a lagoonal shoreline intermittently and
sparsely vegetated as water level fluctuated.

As in modern lagoonal systems, salinity probably varied dramatically in time as well as in space, from
fully marine salinities usual near openings to the sea to completely freshwater common in the innermost
reaches of lagoons (PHLEGER, 1969). This is especially apparent from the paleocecology of invertebrate fossils
of the upper Dakota Formation (HATTIN, 1967; S1EMERS, 1976; HATTIN, et al,, 1978). Low diversity assem-
blages of bivalves (Brachidontes and Ostrea) and serpulid worm tubes, probably lived in brackish water, typ-
ical of the inland portions of coastal lagoons. Other fossil assemblages from these lagoonal deposits include
brackish elements (Brachidontes, Crassostrea) and also a variety of typically marine bivalves (such as Bre-
viarca, Cymbophora, Geltina, Laternula, Parmicorbula, Tellina and Volsellz) which indicate normal marine
salinities common in the outer (seaward) parts of lagoons. The transitional marine to non-marine nature
of these lagoonal shales is also indicated by their clays, including mixtures of montmorillonite as in overlying
marine shale, illite as in adjacent fluvial clays and kaolinite as in underlying fossil soils (SiEMERs, 1971). The
plant remains fossilized in these lagoonal deposits were probably transported varying distances from where
the plants lived. Some fossil fructifications and larger leaves are remarkably complete, others are fragmen-
taty and plant chaff is common. Almost every taxon of fossil plant ever found in the Dakota Formation is

Text-Fig. 8. Megafossil plant localities and sedimentology of the upper Dakota Formation in claypits southwest of Hoisington,
Kansas; A, plan of workings during October 1978, showing high walls (ticked lines) and survey lines of schematic drawings of ex-
posures (Text-Figs. 8D, E); B, columnar section at locality 1U15707; C, columnar section at locality TU15706; D, schematic drawing of
exposure in north pit; E, schematic drawing of exposure in south pit; D, E, drawn with no vertical exaggeration on a grid of
one hundred foot squares. Y '
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represented in these diverse lagoonal assemblages, which were probably mixed from several former plant
communities. Although conifer shoots are common, angiosperm leaves are more abundant. Angiosperms were
evidently prominent in lagoon margin vegetation.

Sandstones of a tide-dominated delta

Marine-influenced sandstones of the upper Dakota Formation in Russell County (Text-Fig. 7) are the
key to understanding which of the current models of coastal sedimentation (as outlined by REINECK &
SiNeH, 1973; READING, 1978), with its distinctive suite of depositional subenvironments, best explains the
formation of these mid-Cretaceous coastal sediments. Marine-influenced sandstones form a prominent marker
horizon, which can be mapped throughout Russell County (HaTTIN, et al., 1978, Fig. 4). These planar-
bedded sandstones also have low angle cross bedding and ripple drift cross lamination. Paleocurrents within
these sandstones are typically bimodal or polymodal. Tidal influence is most pronounced in more shale-rich
portions of the sandstone, where flaser bedding may be clearly defined and show opposed cross-sets. Most of
the sandstone is more or less bioturbated. Trace fossils include Planolites, Skolithus, Arenicolites and Chon-
drites. Some beds of this sandstone, 20—30 cm thick, may be so extensively bioturbated as to appear massive
and structureless in the field. The sandstones also contain disarticulated shells of brackish water bivalves,
largely Brachidontes and Corbicula, in places mixed with freshwater bivalves such as Unio and Trigonarca,
and in other places with the locally abundant marine brachiopod Lingula (SemMEers, 1976; Harrin, et al.,
1978). The underlying Rocktown channel sandstone and several other channel-like sandstones can also be
mapped through much of Russell County (Text-Fig. 7A). These lack fossils and their trough cross beds mainly
dip westward (SEmMERs, 1976). While interpretation of the Rocktown channel sandstone as the deposit of a
westerly flowing freshwater stream is relatively secure (SemMErs, 1976; Karr, 1976), the paleoenvironment
of the overlying marine-influenced sandstones is less certain, but critical for understanding details of mid-
Cretaceous coastal geomorphology.

The marine-influenced sandstones of Russell County were probably deposited in the wide shoaling mouth
of the distributary of a tide-dominated delta, such as the modern Klang Langat (COLEMAN, et al, 1970),
Ganges-Brahmaputra and Mekong Deltas (Morcan, 1970). The phrase “tide-dominated delta” is used here
rather than estuary to indicate that these sediments were part of a depositional landscape and sequence,
rather than lying on an erosional surface. This interpretation is most compatible with the geological succes-
sion, the eyidence for tidal sedimentation, the brackish adapted fossil fauna and the close association of the
marine-influenced sandstones with underlying channel sandstones in Russell County. Marine-influenced sand-
stones thicken westward at the expense of the channel sandstone and contain marine fossils only at localities
where the channel sandstones are also present (SmEmERs, 1971, 1976; HATTIN, et al, 1978). The Longford
Member of the Kiowa Formation (underlying the Dakota Formation in Kansas) has also been interpreted as
deposited on an estuarine coast (Franks, 1980). Such tide-dominated sedimentation was probably widespread
on the stable, low-relief coasts of the eastern margin of Cretaceous seaways in the interior of North America.

There are other plausible palecenvironmental explanations for the marine-influenced sandstone, but all
are less likely. If formed in an inlet delta at the mouth of a coastal lagoon, like modern examples discussed
by PHLEGER (1969), OerTEL (1973) and Errior (1978b), they would not show the observed relationships to
the channe] sandstones, as coastal streams debouch into any part of a lagoon. Nor were the marine-influenced
sandstones of Kansas deposited on a complex barrier, chenier or beach ridge plain, like the modern Nayarit
coast (CUurrAy, et al., 1969). Neither dune cross-bedding, coal, fossil roots nor fully marine shell fragments
were seen in these Kansas rocks. For the same reasons, these sandstones are unlikely to have been deposited in
a delta strongly influenced by the action of sea waves, such as the modern Grijalva Delta (EiLioTT, 1978a).
Among the subenvironments of digitate deltas, like the modern Mississippi Delta (SuEPARD, 1956; COLEMAN
& GacLiano, 1965; Frazier, Ozanik & Eisig, 1978), the marine-influenced sandstones of Kansas are most
like modern deposits of subaqueous levees, mouth bars and distal bars of distributaries. However, each distri-
butary of such a delta progrades over marine sediments, a relationship never seen in Kansas. Fossil molluscan
faunas more like those in other fully-marine Cenomanian rocks in Kansas would also be expected in the distal
portion of a digitate marine delta, rather than the brackish and mixed, low-diversity fauna found in the
marine-influenced sandstones of Russell County.



-~ 125 —

Clayey mangal paleosols of distributary margins

Weakly-differentiated clayey paleosols are found mainly in the uppermost Dakota Formation and evi-
dently formed along distributary and lagoon margins. Many of these were probably marine-influenced. One
of these paleosols contains brackish-adapted bivalves in life position. Judging from the fossil roots and leaf
litter preserved with these paleosols, they were vegetated largely by shrubby angiosperms, mainly with leaves
similar to “Acerites multiformis” of LEsQUEREUX (1892).

These paleosols are found north of Russell (as at 13.5, 14.5 and 15 m in Text-Figs. 7C and G—J in
Fig. 50), at Linnenbergers’ Ranch (8 m in Text-Fig. 7D and 3 m in Text-Fig. 7E) and near Hoisington (4.5
and 5.5 m in Text-Fig. 8C and 6.5 m in Text-Fig. 8B). These show little evidence of soil formation beyond
the presence of carbonaceous roots, moderate accumulation of surficial organic matter and mild leaching.
This poor development could be due to the short time available for their formation before covering by later
deposits, or to waterlogging or to both these factors. Some of these paleosols contain abundant carbonized
wood chips in their upper layers. Similar wood chips have been interpreted as fossil charcoal (for example by
Hickey & Dovre, 1977, Fig. 69). This is quite possible, as fires do occur periodically even in swampy de-
positional environments (STauB & CoHEN, 1979). In older rocks, however, there seems no reliable method of
distinguishing charcoal from unburnt wood chips coalified during diagenesis, from resorted chips of ancient
wood weathered out of sediments, or from older lignite or coal (Scmorr, 1975). In Kansas, carbonized wood
chips occur in paleosols whose carbonized roots indicate that the plants were no larger than shrubs. Whatever
their ultimate origin, the carbonized wood chips were most likely transported from elsewhere. It is likely
that these paleosols formed on shorelines or intermittently exposed bars which accumulated wood chips, char-
coal and other flotsam from deltaic distributaries.

Euhedral clear crystals of gypsum (selenite) up to 7 cm long, are found concordant with relatively un-
disturbed bedding (specimen TU15713—3304) in the lower portions of these weakly-differentiated paleosols.
These may indicate either marine influence of these former soils during the Cretaceous or be due to to modern
weathering. ‘The latter interpretation gains much support from the apparent absence of gypsum in drill holes
into the subsurface Dakota Formation in Kansas (as reported by Lanpes, 1930; Lanpes & KEroHER, 1938,
1939; SwiNeFORD & WiLLIAMS, 1945; MERRIAM, et al., 1959; Mack, 1962). In the marine Graneros Shale,
also littered with selenite at some outcrops, the amount of gypsum cementation and replacement of sandstone
and fossil seashells decrease with depth of excavation (Hartiv, 1965). The paleosols containing gypsum in
their lower horizons all have carbonaceous uppermost horizons, with prominent jarosite blooms. The jarosite
is most likely a weathering product of iron sulphide minerals (TEoporovicH, 1961; BATTEY, 1972), such as
pyrite and marcasite, which have been found in outcrops, and drill cores and cuttings of the Dakota Formation
in Kansas (by Rusey & Bass, 1925; SWINEFORD & WILLIAMS, 1945; SWINEFORD, 1947; SCHOEWE, 1952; SEI-
MERS, 1971). The selenite may thus have precipitated from surface and ground water acidified by the
weathering of iron sulphides, a common origin for gypsum (EARDLEY & STRINGHAM, 1952; MuURrAY, 1964;
Bratt, MipDLETON & MURRAY, 1972). The source of calcium in such a reaction may be overlying limestones
or caliches, as the shale matrix of all the selenite seen within paleosols failed to react with dilute hydrochloric
acid and is presumably non-calcareous. Considering the other possible ways in which gypsum may form (as
discussed by DEEr, HowiE & ZussMAN, 1962; TEoporovicH, 1971), selenite in the upper Dakota Formation
is unlikely to have been an alteration product of anhydrite, because of its elongate habit. Gypsum crystals
may also form as an evaporite on the surface or within the upper few meters of modern intertidal and supra-
tidal mudflats (Masson, 1955; MiLLER, 1975; Cook & Mavo, 1977). This alternative must be discounted for
selenite in the Dakota Formation until there is conclusive evidence of the mid-Cretaceous age of these crystals.

Nevertheless, some marine influence of these clayey paleosols would be expected considering their weak
differentiation and high stratigraphic position. They are overlain by marine influenced sandstone and are
along strike from a distributary of a tide-dominated delta and tidally-influenced lagoonal shales. The abun-
dance of pyrite in the uppermost carbonaceous horizon of these paleosols is comparable with that found in
marine-influenced coals (see Macrowsky, 1975; Carruccio & GEIDEL, 1979). More conclusively, several arti-
culated mussels (Brachidontes) have been found in the upper portion of a weakly differentiated clayey paleo-
sol exposed in a quarry into the upper Dakota Formation 9.6km south of Fairbury, Nebraska (locality
TU15713). Most of the Brachidontes collected here by Dr. R. Pasian (University of Nebraska State Museum
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specimens 17091—17099) are small, compared to those usually found in the upper Dakota Formation (see
HaATTIN, et al., 1978). All were less than about 15 mm long (larger ones are incomplete) and one only 8.9 mm
long had both valves attached and open. One specimen of Brachidontes recently found during preparation of
our fossil plant collections from this locality by Dr. J. F. BasincEr (Fig. 54) is of normal size (25.5 mm long)
and preserved articulated and closed, with the plane of commissure vertical in life position, on a surface in-
cluding an angiosperm flower petal and penetrated by numerous carbonaceous roots. This epibyssate, brackish
water bivalve evidently lived for some time in mudflats immediately adjacent to or within a stand of woody,
marine-influenced vegetation.

The leaf litter of these weakly-differentiated paleosols is commonly preserved in their uppermost hori-
zons. These plant remains may be naturally macerated, rolled, broken or crumpled across several irregular
bedding planes and are associated with carbonaceous roots and carbonized wood chips. They were evidently
not oxidized to any extent, as they are very weakly, if at all, ferruginized and cuticles are preserved on
many leaves. At the Nebraska locality (IU15713), whore the mussels (Brachidontes) were found, the most
common remains are angiosperm leaves similar to “Acerites multiformis” (of LESQUEREUX, 1892) and radially-
symmetrical perfect flowers. A limited diversity of other angiosperm leaves is also present, but fern and conifer
fragments are rare. Other leaf litter localities in weakly-differentiated paleosols north of the Saline River,
north of Russell IU15715, IU15717 in Text-Fig. 7B) were not so obviously marine-influenced but also have
low diversity assemblages largely of angiosperm leaves. Only a single impression of a poorly preserved angio-
sperm leaf has yet been found at locality IU15715. Angiosperm leaves from locality TU15717, include palma-
tely-lobed leaves with actinodromous venation, Liriodendron-like leaves and entire-margined leaflets of Sa-
pindopsis (identified on the basis of cuticles similar to those of that genus at Linnenbergers’ Ranch localities
1U15703, TU15714 and also reported by UpcrurcH, 1979). Fragments of fern-like and cycadeoid-like leaves
and a portion of a follicle (like those described by DILCHER, et al., 1976) are rare at locality TU15717. Work
in progress will characterize these fossil plant assemblages in more detail. The remains collected to date are
largely angiospermous and low in diversity. They were evidently produced by shrubby vegetation growing on
muddy, waterlogged, frequently-flooded and tidally-influenced distributary margins.

Coal-bearing paleosols of interdistributary swamps

There are many paleosols in the upper Dakota Formation with thick coaly organic horizons. These contain
large carbanaceous fossil roots, indicating that they formed under swamp woodland vegetation. Some of
these paleosols may have been marine influenced, others freshwater. They probably formed in interdistributary
depressions in part fringing coastal lagoons and sheltered bays. Recognizable megafossil plants are seldom
preserved in the coals. From plant debris associated with such paleosols and in nearby localities and from the
palynology of the coal, these swamp woodlands evidently had ferny understories but the trees were largely
angiosperms with leaves of Magnoliaephyllum, Sapindopsis and Liriophyllum.

Coal was mined from an area extending up to 500 m west southwest of Linnenbergers’ Ranch-house
(Text-Fig. 7) as recently as 1927, but most of the old adits are now covered by slumps (ScHorwe, 1952;
A. LINNENBERGER, pers. comm. 1979). Our excavations of the coal (Text-Fig. 7E) revealed that this was part
of a fossil soil, as both coal and underclay contain large carbonaceous fossil roots. Indeterminate angiosperm frag-
ments were found in the underclay of this paleosol. The coal has yielded largely angiosperm pollen and com-
mon fern spores, with rare gymnosperm pollen (preparations and identifications courtesy of M. Zavapa). It
is likely that this was the soil which supported the well-preserved fossil pants collected in the creck bend 250 m
east of Linnenbergers’ Ranch-house (localities IU15703, TU15714 of Text-Fig. 7D, Fig. 49), for the following
reasons. Lithological correlation indicates that the fluvial swale at the fossil plant locality was probably ac-
cumulating shale and plant debris at the same time as the peaty soil was developing nearby. Both the fossil
plant locality and the peaty soil developed on the distal flanks of a levee system. Both were later covered by
clay, which was briefly vegetated and then overlain by marine-influenced sandstone. The fossil plant assem-
blage appears to have accumulated close to where the plants lived. This is indicated by the low taxonomic
diversity in our large collections from Linnenbergers’ Ranch, by the excellent preservation of the organic ma-
terial of the plants and by the-range of sizes and shapes of plant organs present. These include leaves, fructi-
fications and woody axes, which would react quite differently and be sorted during prolonged transport by
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wind and water. The megafossil assemblage is broadly similar in composition to the palynology of the coal,
although ferns are under-represented as megafossils. This is probably because the ferns were understory plants,
known from studies of modern deposition to be poorly represented in depositional sites adjacent to wood-
lands (Rotr & DiLcHER, 1978). Conifer and fern fragments are much less common than angiosperms at Lin-
nenbergers’ Ranch. Magnoliaephyllum is one of the most common fossil leaves and Prisca reynoldsii is one of
the most common fructifications. Sapindopsis and Liriophyllum are also common, the latter noticeably more
prominent in the sandy basal portion of the deposit (IU15714). Finally there are few other likely paleo-
environments or paleosols at the same stratigraphic level nearby which would have provided these plants. The
fossil plant localities are flanked to the south and west by the coal-bearing paleosol and to the north by the
Rocktown channel sandstone and associated levee deposits (Text-Fig. 7A). As indicated in other parts of our
discussion, both freshwater and marine-influenced streamsides in Kansas supported different kinds of angiosper-
mous vegetation.

The coal at Linnenbergers’ Ranch evidently accumulated in interdistributary lowlands. The coal and parts
of the underclay are stained with jarosite, presumably a weathering product of iron sulphide minerals and
possibly indicating some marine influence. These swamp woodlands probably also fringed coastal lagoons, as
Magnoliaephyllum, Sapindopsis and Liriophyllum are abundant in some lagoonal deposits (particularly the
Hoisington locality TU15706, Text-Fig. 8, Fig. 48).

Another coal-bearing paleosol, exposed north of the Saline-River, north of Russell (Text-Figs. 7A, B,
Fig. 50C), differs from other coal-bearing paleosols in the upper Dakota Formation in its clay-rich organic
horizon without abundant jarosite staining, and in its distinct B horizon, iron-stained reddish-brown and
with abundant sphaerosiderite. The organic horizon of this paleosol contains indeterminate fragments of
angiosperms, carbonized wood chips and large carbonaceous roots, indicating that it formed under an angio-
sperm-dominated woodland. Although evidently swampy at times, the water table must also have intermittently
retreated to at least a meter below the surface to form the B horizon. This particular paleosol is well below
any indication of marine influence, so may have formed completely in freshwater.

An angiosperm-fern community of one of these Cenomanian coastal swamps has been remarkably well
preserved by a thin ash in coal of the upper Dakota Formation in central easternmost Utah (RusHrorTH, 1971).
This thin (up to 26 cm) ash contains largely fossil fern fronds of Matonidium, Astralopteris and Gleichenia,
as well as their likely rhizomes towards the base of the ash. The upper 5 cm of impure (carbonaceous and
silty) ash contains a greater diversity of fern and angiosperm leaves, including some fragments similar to
Magnoliaephyllum described here from Kansas (RusarorTH’s “Ficus daphnogenoides®). RUSHFORTH interpreted
this diverse upper florule as a record of the early successional colonization of the ash. However, it seems un-
likely that such a thin ash fall would completely cover or kill existing vegetation, particularly those plants
taller than ground ferns. There are large amounts of silicified wood nearby (RusnrorTH, 1971, p. 8), and
trees were also important to the accumulation of coal. This was confirmed during a recent field trip to exam-
ine in more detail the thickness changes and abrupt truncations of the ash illustrated by RusurortH (1971,
Figs. 3B, 4A). In extensive cuttings beside the road 8 km northwest of Westwater Ranger Station, the fos-
siliferous ash is now exposed for 45 m. In places (between 10—15m and 24—25m from the northern end)
the ash is locally eroded away in a shallow scour filled with carbonaceous siltstone and redeposited ash. There
are also three conspicuous cradle knolls (sites of former trees, as discussed by ReTaLLAck, 1977a) at distances
of 6—8 m, 26—27 m and 30—31 m from the northern end. These are areas of little or no ash, partly plugged
from below by contorted carbonaceous siltstone, in some cases with carbonized fossil roots up to 2 cm in
diameter. The ash thins to nothing and arches upwards around the cradle knolls. The presence of carbonaceous
roots, thinning of the ash, size and irregular conical shape and lack of a central conduit, distinguish these
cradle knolls from floor rolls (see WiLLiAMSON, 1967, p. 193), mud lumps (see MORGAN, COLEMAN & GAG-
L1ANO, 1968) and mud volcanoes (see REINECK & SiNGH, 1973, p. 48). From these considerations, it seems
more likely that the diverse upper florule was contributed by swamp trees or shrubs, which formed a canopy
over the ferny understory. This fortuitous ash fall in central eastern Utah is good evidence for the structure
of Cenomanian coastal swamp woodlands.

Palynofloras dominated by angiosperm pollen and fern spores, with rare microplankton and conifer pol-
len, are widespread in coals of the upper Dakota Formation and rock units of equivalent age throughout
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the North American interior (see PIERCE, 1961; HEDLUND, 1966; AGASIE, 1969; May & TRAVERSE, 1973;
Romans, 1975). As with coastal peats forming today in the Mississippi Delta (Frasier, Osanik & Ersik,
1978), these coaly paleosols probably formed in a variety of environments and in water of changing salinity.

Sandy paleosols of coastal streamsides

Based upon an interpretation of excellent exposures of the channel and levee deposits of a river in the clay
pits near Hoisington, coastal streamsides in Kansas during the mid-Cretaceous appear to have been vegetated
largely by shrubby angiosperms, characterized by leaves of Araliopsoides cretacea. Streamside swales and ponds
also supported a variety of aquatic angiosperms. This interpretation is in agreement with the reconstruction
of vegetation in the early and mid-Cretaceous Potomac Group and Raritan Formation of the eastern United
States by Hickey & DovyLE (1977).

Underlying the lagoonal deposits in the clay pits near Hoisington is a unit of finely interbedded sand-
stone and shale (Text-Fig. 8B—E). This unit is cross-bedded at a very low angle, dipping to the south and
includes several low-angle scour-and-fill structures. This is typical for epsilon cross-bedding (as defined by
ALLEN, 1963), usually found in deposits of levees, distal scroll bars of meandering streams and deltaic distri-
butaries (examples are discussed by RETALLACK, 1977b, in press). Similar cross-bedding may also form in the
point bars of estuarine channels within intertidal mudflats (ALLEN, 1970), but such an origin is unlikely for the
deposit at Hoisington, which interfingers laterally with massive, trough cross-bedded sandstone, containing
abundant fossil logs (Text-Fig. 8D). The trough cross-bedded sandstone is similar to sands found today in
point bars, scroll bars and in-channel bars of meandering streams (described by Frazier & Osanig, 1961;
HarMs & FAHNESTOCK, 1965; McGOWEN & GARNER, 1970). This freshwater stream deposit may have been
the distributary of a delta building out into the sea or a lagoon elsewhere, but no prodelta sediments are
preserved in the clay pits near Hoisington, where the channel truncates a pre-existing well-differentiated
paleosol. Thus at Hoisington this was apparently a freshwater reach of a coastal stream.

The epsilon cross-bed (levee deposit) near Hoisington contains fossil plants at two localities (IU15704,
TU15705 in Text-Fig. 8E). A bed of strongly ferruginized purple-red sandstone (IU15705 in Text-Fig. 8)
contains largely narrow, entire leaves and numerous palmately-lobed leaves of Araliopsoides. A similar depo-
sitional environment is likely for the large number of leaves collected from surficial, bedding plane exposures
of ferruginized sandstones in Kansas, made famous by the widely-distributed collections of CHARLES STERN-
BERG and the pioneering monographs of LEo LESQUEREUX (1874, 1883, 1892). The regional flora of these
sandstones is very diverse, but relatively few species were found at any one locality, perhaps an indication
that the leaves preserved at each locality were derived from plants growing nearby (LESQUEREUX, 1892, p.
21). Peltate angiosperm leaves are common in unoxidized shale partings of the epsilon cross-bedded unit near
Hoisington (locality TU15704 in Text-Fig. 8). These are similar to fossil leaves interpreted as aquatic by
Hickey & Dovyre (1977, p. 81) and probably grew in swales and ponds of the levee and scroll-bar complex
of streams. Considering the small and scattered fossil roots in these epsilon crossbeds, it is likely that the
mid-Cretaceous vegetation of streamsides and swales in Kansas, regionally dominated by Araliopsoides cre-
tacea, was composed largely of shrubby and aquatic angiosperms.

Shales of freshwater lakes

Shales of freshwater lakes in the middle Dakota Formation contain yet another distinctive assemblage
of fossil plants. The abundance of Seguoia-like conifer shoots, attests to the prominence of conifers in vege-
tation away from the coast. Platanus-like leaves are also abundant, and probably colonized lake margins or
nearby streamsides. :

Lacustrine shales are exposed for a distance of about a mile in gullies and in a small quarry on Braun’s
Randch, southeast of the intersection of highways 81 and 24, Kansas (locality TU15709 on Text-Fig. 6). Un-
like lagoonal shales of the upper Dakota Formation, there is no indication of tidal influence or marine
fauna in these shales. Angiosperm leaves and conifer shoots are well-preserved in the even shale partings
along with fructifications and insects. No rocks were seen to overlie the shales here. They are probably
somewhere in the middle of the Dakota Formation, as they are in the middle of the outcrop area of this
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westerly dipping formation. Underlying the shales are sandstones with carbonized wood chips and low-
angle cross-bedding. As in weakly-differentiated clayey paleosols, the carbonized wood chips may indicate
that this was a shoreline. The cross-bedding is similar to that of modern beaches (Erriorr, 1978b). These
sandstones were probably a lakeside beach. They overlie a well-differentiated reddish paleosol, like those dis-
cussed in the next section, probably formed in a largely-dry floorplain.

The most abundant fossil plants in the shales are Seguoia-like conifer shoots and Platanus-like leaves.
Platanus-like fructifications (similar to those figured by DiLcuer, 1979, Figs. 41, 42) and a few other kinds
of angiosperm leaves and fructifications are also found. These remains were probably mixed from a variety of
lake margin communities. Several features of the Platanus-like remains indicate that these grew in the imme-
diate vicinity of the lake. The Platanus-like leaves are well preserved and complete, some with petioles com-
plete to the abscission scar and attached stipules, others are delicate juvenile leaves with marginal glands. The
Platanus-like fructifications are also unusually common and complete, some with numerous globular heads at-
tached to long axes. Other delicate angiosperm leaves and branching fertile shoots are also well preserved.
Some of these angiosperm remains are similar to those found in ferruginized sandstones of Kansas. Like those
fossil impressions in sandstone, already discussed, the angiosperms preserved in the shale on Braun’s Ranch
may have been early successional plants of sandy streamside or lake margin soils. Although conifer shoots are
also abundant in the lacustrine shales, they are less well preserved than angiosperm remains and cones are rare.
Although some conifers may have vegetated the lake margins and overtopped early successional angiosperms,
much of the conifer material may have come from further away from the site of deposition.

Well-differentiated reddish paleosols of largely-dry floodplains

No fossil plants other than root traces are preserved or associated with the thick well-differentiated red-
dish paleosols of the Dakota Formation, although they were evidently forested soils of floodplains. As conifer
remains are abundant in mixed plant debris of coastal lagoons and in the regional pollen rain, they were
probably prominent in these floodplain forests. The most common megafossil remains of these conifers in the
Dakota Formation are Seguoia-like leafy shoots. This is in agreement with a number of other studies (by
BurcEss, 1971; Hickey & DoyLEg, 1977; HICkEY, in press) indicating conifer dominance of inland and flood-
plain vegetation of North America during the Cretaceous.

Well-differentiated paleosols become increasingly more common lower in the Dakota Formation. These
were examined in detail north of Russell (as at 5, 8, 9 and 11.5 m in Text-Fig, 7C) and Hoisington (5 m
in Text-Fig. 8B). They have conspicuous reddish brown and mottled B horizons, usually passing upwards into
a paler A, horizon and then a more or less carbonaceous A; horizon. These paleosols may have large fossil
roots extending from the surface, distinct clastic dykes (cutans of soil terminology, see Buor, HorLe & Mc
CRACKEN, 1973), recognizable soil aggregates (peds), ferric concretions and sphaerosiderite. All these features
are more ferruginized within the B horizon. This reddish-brown color has not been produced by surficial
weathering, as it has also been found in deep drill holes into the Dakota Formation in Kansas (see LANDES,
1930; Lanpes & KEROHER, 1938, 1939; SwiNerorD & WiLLiams, 1945; Mack, 1962). The clays of these
well-differentiated paleosols are mainly kaolinite. X-ray diffractograms of this clay (by SEiMERs, 1971) show
low and diffuse peaks characteristic of soils (see RETALLACK, 1977a). Thin sections of these clays also
show the characteristic microscopic textures of soils (sepic plasmic fabric of BREWER, 1964; Kansas examples
discussed and figured in other terms by Seimers, 1971 and Franks, 1966). The well-differentiated paleosols
are always found below the uppermost Dakota Formation, removed from any independent indications of
marine influence. They were probably formed by forest vegetation on low-lying sites where water table was
almost permanently one to two metres below the surface (comparable paleosols are discussed by RETALLACK,
1977b and Franks, 1980).

Unfortunately, we have not yet been able to find megafossils or pollen in direct association with these
well-differentiated fossil soils in Kansas. Conifers, so conspicuous in lagoonal and lacustrine shales in Kansas,
do not appear to have grown in other kinds of paleosols already discussed and may have been prominent in
the vegetation of these inland floodplain paleosols. The most common and widespread conifer remains are Se-
guoia-like shoots, abundant in mixed plant assemblages of coastal lagoons (IU15706 near Hoisington, in Text-
Fig. 8) and of freshwater lakes (IU15709 on Braun’s Ranch). A less-likely conifer of these well-differentiated
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paleosols, was Brachyphyllum. This was evidently a minor component of angiospermous swamp woodlands, as
it is found sporadically at Linnenbergers’ Ranch (IU15703 in Text-Fig. 7), is rare in lagoonal deposits near
Hoisington and has not yet been found in inland lake deposits on Braun’s Ranch. Well-differentiated paleo-
sols immediately underlie the stream deposit near Hoisington (Text-Fig. 8) and the lakeside beach deposit on
Braun’s Ranch, and may indicate conditions on the adjacent largely-dry soils of the floodplains.

Conifer dominance of inland vegetation is supported by many palynological studies on the Dakota For-
mation and rods units of equivalent age in North America (by PiErck, 1961; HepLUND, 1966; AGASIE, 1969;
May & TRAVERSE, 1973; Romans, 1975). These studies indicate widespread dominance of assemblages from
autochthonous coals by fern spores and angiosperm pollen, but conifer pollen dominates the regional palyno-
flora of interbedded shale and siltstone. On more general grounds Hickey & DoyLE (1977) indicate that coni-
fer dominance in floodplains and “backswamps” was maintained at least until the Cenomanian. Other studies
(Burctss, 1971; HICkEY, in press) indicate that conifer dominance persisted, even in coastal areas, well into
the late Cretaceous.
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Text-Fig. 9. Reconstruction of Prisca reynoldsii sp. nov. and Magnoliaephyllum sp. in a swamp woodland fringing a coastal
lagoon during the early Cenomanian in what is now central Kansas.
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A reconstruction of the Prisca reynoldsii plant and its habitat

Our reconstruction of Prisca reynoldsii and its likely leaves, Magnoliaephyllum (Text-Fig. 9), is based on
all the foregoing considerations of its structure, paleoecology, and geological occurrence. It was a woody
shrub or tree. It grew near sites of deposition such as the margin of a coastal lagoon, but it also grew further
inland as a prominent plant of swamp woodlands in interdistributary depressions. With its apparent wind or
generalist pollination and numerous small seeds, dispersed by wind and water, it may have been an early
successional plant.

Prisca reynoldsii does not appear to have grown in other parts of the mid-Cretaceous coastal plain in
Kansas. Within this varied landscape, shrubby angiospermous mangal, characterized by “Acerites multiformis”,
evidently colonized distributary margins of tide-dominated deltas. Shrubby angiosperms, such as Araliopsoides
cretacea, and aquatic angiosperms, vegetated levees and swales of freshwater coastal streamsides. Angiosperms
with Platanus-like leaves were common around freshwater lakes. The largely-dry soils of the floodplains were
forested mainly by conifers.

The paleoecology and geological occurrence of Prisca reynoldsii and other angiosperms in the Dakota
Formation, supports the general conclusion that angiosperms were most abundant in unstable depositional
environments, such as coastal swamps, lagoon margins and streamsides. Many were probably early successional
plants.

Another notable feature of angiosperms in the Dakota Formation is their abundance and diversity in
coastal and near-marine environments. The mid-Cretaceous migration of pioneering early angiosperms in coast-
al regions may explain many aspects of their spectacular global dispersal and adaptive radiation at a time of
dramatic sea level fluctuation (RETALLACK & DILCHER, 1981).
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Explanation of plates

Plate 1

Figs. 1—7. Prisca reynoldsii sp. nov. angiospermous fructification.
1. Raceme of elongate multifollicles, holotype IU15706—3042 (X 1).
2. Raceme axis, showing bracteate pedicel bases of multifollicles, holotype TU15706—3042 (X 5).
3. Isolated, fragmentary multifollicle with long pedicel, TU15714—3024 (X 1).
4. Base of pedicel, showing two abaxial furrows (arrows) and partly-rounded base, possibly from abscission, IU15714—
3024 (X 5).
Multifollicle showing pedicel and small apical follicles, IU15706--3056 (X 1)
. Portion of well-preserved multifollicle compression, IU15703—2589 (X 1).
7. Pedicel and naked receptacle of multifollicle, after dehiscence of follicles, TU15703—2586 (X 1).

o »

Plate 2

Figs. 8-—17. Prisca reynoldsii sp. nov., angiospermous fructification.
8. Immature multifollicle, with little development of seeds, ITU15703—2604 (X 5).
9. Mature multifollicle with numerous weéll-developed seeds in closed follicle, ITU15703—2613 (X 5).
10. Multifollicle with open seedless follicles, TU15703—2618 (X 5).
11. Pedicel and naked receptacle, IU15703—2586 (X 5).
12, Counterpart of specimen of Fig. 10, open seedless follicles TU15703—2618" (X 5).
13. Multifollicle with open, seed-bearing follicles, base of basal follicle indicated by arrow, IU15703—2585 (X 5).
14. Counterpart of specimen of Fig. 13, base of basal follicle indicated by arrow, IU15703—2585" (X 5).
15. Walton transfer preparation of multifolicle, TU15703—2617 (X 5).
16. Portion of open seedless multifollicle, ITU15706—3049 (X 5).
17. Portion of muhifollicle with seed-bearing, closed follicles, TU15703—2589 (X 5).
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Plate 3

Prisca reynoldsii sp. nov., scanning electron micrographs of follicles.

Dehisced seedless follicles attached to receptacles without subtending scars or appendages (X 25).

TU15703—2606, SEM#SIZ.

1U15703-—2613, SEM#659.

1U15703—2606, SEM#813.

Isolated follicle, showing marginal fold, TU15703—2613, SEM#660 (X 25).

Detail of follicle apex, showing funicle of abscised seed and surrounding weakly papillate cuticle, TU15703—2613,
SEM#660 (X 25).

Detail of follicle base and attachment to receptacle, without subtending scars or appendages, IU15703—2613, SEM#
660 (X 25).

Plate 4

Prisca reynoldsii sp. nov., seeds.

Seeds attached to remnants of multifollicle and with micropyle sunken back onto megaspore, 1U15703—2609, SEM#
811 (X 50).

Longitudinally fractured seed showing smooth outer cuticle of outer integument on left hand side and several inter-
nal layers, 1U15703—2609, SEM#807 (X 100).

Attached seed showing wrinkled outer cuticle of inner integument (left), smooth outer cuticle of outer integument
(right) and pollen chamber (upper sunken area), IU15703—2609, SEM#811 (X 125).

Photomicrographs of macerated seeds mounted in glycerine jelly.

Three attached seeds with and without megaspores (arrows), IU15703—2606 (X 25).

Megaspore with organic contents enveloped by nucellar membrane and fragments of cuticle of inner integument,
IU15703—2585 (X 50).

Seed with outer integument dissected away from the right hand side, “00” is outer cuticle of outer integument,
“io” is inner cuticle of outer integument, “0i” is outer cuticle of inner integument, megaspore contents are dark,
1U15703—2609 (X 100).

Outer cuticle of outer integument of seed, showing funicle (arrow) attached to cuticle of follicle (below), TU15703—
2606 (X 200).

Apex of seed, “m” is non-cellular membrane, “n” is nucellar cuticle, “mi” is micropyle above pollen chamber, “x” is
invagination in dark megaspore contents, 1U15703—2609 (X 300).

Plate 5

Prisca reynoldsii sp. nov. cuticles.

Light photomicrographs of follicles and cuticles mounted in glycerine jelly.

Follicle attached to receptacle, 1U15703—2606 (X 30).

Follicle attached to receptacle, arrow indicating space for tissue imside cylindrical cuticle of receptacle, IU15703—
2606 (X 30).

Abaxial cuticle of pedicel, showing two abaxial furrows (arrows), 1U15703—2585 (X 90).

Follicle outer cuticle, with a partly-occluded paracytic stomate (indicated by arrow), IU15703—2589 (X 500).
Pedicel adaxial cuticle with a paracytic stomate (indicated by arrow), IU15703—2585 (X 500).

Scanning electron micrographs of cuticles.

Outer surface of outer cuticle of outer integument of seed, showing stomatal opening, IU15703—2609 SEM#808
(X 1000).

Inside surface of outer cuticle of follicle showing paracytic stomate, IU15703-—2609, SEM#811 (X 1000).

Outer surface of follicle margin (wrinkled lower surface) and inner surface of follicle (smooth surface above),
1U15703—2606, SEM#SlZ (X 250).

Plate 6

Magnoliaephyllum sp., the likely leaf of Prisca reynoldsii sp. nov.

Leaf compression, 1U15703—2262 (X 1).

Light macrophotographs of collodion peels of leaf compressions, treated by oxidative maceration and mounted in
Harleco Synthetic Resin (X 2).

Leaf base, showing abscission scar (at base of peticle), details of venation and two clear lines probably separating three
strands of midrib (arrows), IU15703—2263.

Leaf apex, with at least one clear closed arch of secondary venation (arrow) IU15703—2666.

Light photomicrographs of macerated cuticles, stained with Safranin 0 and mounted in Harleco Synthetic Resin,
1U15703—2631 (X 500).
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Thick adaxial (upper) cuticle.

Thinner abaxial (lower) cuticle, with numerous paracytic stomates and a hair base (at arrow).

Scanning electron micrographs of cuticle, IU15703—2314, SEM#568 (X 500).

Inside surface of abaxial (lower) cuticle.

Outside surface of abaxial (lower) cuticle.

Detail of petiole, showing a pair of adaxial ribs (arrows) and portion of basal abscission scar, [U15703—3085 (X 5).

Plate 7

Plant fossil localities in the mid-Cretaceous, upper Dakota Formation in central Kansas, U.S.A.

Southern margin of northern claypit, south of Hoisington, showing locality IU15706 (arrow) in shale overlying con-
spicuous epsilon cross-set of pit wall, viewed from northwest, August 1977.

Natural exposure in stream bend, east of Linnenbergers’ Ranch-house, northeast of Bunker Hill, showing localities
TU15703 (arrow) and IU15714 (near figure to left) and marine-influenced cross-bedded sandstone capping exposure,
viewed from northwest, July 1978.

Bluffs (20 m high) overlooking the Saline River south of Russell, showing sequence of paleosols underlying locality
1U15702 in tidally-influenced shales and siltstone with plant fossils (above K); A, top of massive sphaerosideritic
sandstone; B, top of moderately differentiated reddish-brown paleosol; C, top of coal-bearing paleosol; D, top of
well-diferentiated reddish-brown paleosol; E, portion of well-differentiated reddish-brown paleosol; F, top of
thick, well-differentiated reddish-brown paleosol; G—], tops of poorly-differentiated paleosols; K, ferruginized top
of marine-influenced sandstone.

Dried modern angiosperm fructifications.

Multifollicle of Magnolia tripetala, showing small stamen scars and larger petal scars at base of large woody dehisced
follicles (campus ornamental, Indiana University, Bloomington, Indiana, U.S.A.). ‘

Indehiscent fruits (right) and receptacle and pedicel (left) of Schisandra glabra, with well-spaced scars of fruits on
receptacle and prominent zone of perianth scars (arrow) above pedicel (Field Museum of Natural History Chicago,
specimen F1481, from Beaufort, South Carolina).

Follicular fructification of Cercidiphyllum japonicum (campus ornamental, University of Connecticut, Storrs, Con-
necticut, U.S.A.).

Bradkish water bivalve Brachidontes in life position from mangal paleosol in upper Dakota Formation, 9.6 km south
of Fairbury, Nebraska (IU15713—3033).
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