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NORTH AMERICAN MESOZOIC CHAROPHYTA

By Raymonp E. Prck

ABSTRACT

Fossil charophytes, especially the distinctive genera and
species of the Clavatoraceae, can be helpful in the stratigraphic
subdivision and paleoecologic interpretation of nonmarine
Mesozoic strata. This applies particularly to the Middle and
Upper Jurassic and Lower Cretaceous. They are also important
for both local and intercontinental correlation, because of their
common .occurrence, easily determined generic and specific
characteristics, and worldwide distribution.

All of the species of Charophyta so far known from the Meso-
zoic strata of North America, a total of 35 species in 12 genera,
are here described and illustrated. Their classification, mor-
phology, ecologic significance, and stratigraphic and geographic
distribution are discussed. Topotype localities are cited where
known. Seventeen of the species and one genus (Echinochara)
are described as new. An illustrated section on the morphology
and habits of the modern Charophyta gives the basis for the
specialized terminology used in the descriptions. A key is in-
cluded for the identification of Mesozoic genera,

Records of charophytes in the earlier Mesozoic are sparse
and widely scattered. A few forms have been described from
the Triassic of ether countries, but the oldest Mesozoic record in
North Ameriea is from the Middle Jurassic. Most of the species
are from the Morrison formation of Kimmeridgian (Late
Jurassic) age or strata of Aptian (Early Cretaceous) age in the
Rocky Mountains and Colorado Plateau. Of the 14 species
occurring in the Morrison, 1 is also found in the Middle Jurassic,
1 in beds of Aptian age, and 1 in both Aptian and somewhat
younger Lower Cretaceous rocks of Albian age. Of the 14 species
occurring in the beds of Aptian age, 2 also occur in the Lower
Cretaceous rocks of Neocomian age, 2 in the Albian, and 1 in
the Morrison. Two species are confined to the Middle Jurassic,
2 to the Albian, and 1 to the Cenomanian and Turonian (lower
Upper Cretaceous) strata. Two species are from subsurface
beds of Texas identified only as Upper Cretaceous. Charophyta
occur in nonmarine Upper Cretaceous rocks, but collections are
too meager at present to warrant description of the species.

In the Morrison formation of the Colorado Plateau, the small
spiral parts of the fruiting bodies, known as gyrogonites, are
abundant. They are best known from the limestones and cal-
careous shales of the Salt Wash sandstone and the Brushy
Basin shale members. They are also common in the calcareous
beds of the undivided Morrison along the Front Range in Colo-
rado and in New Mexico, Oklahoma, eastern and central Wyo-
ming, western South Dakota, and central Montana. Vegetative
parts of Echinochara spinosa Peck, n. gen., n. sp., compose thick
‘beds of limestone in the Morrison of central Colorado, central
‘Wyoming, and western South Dakota.

The assemblage of charophytes in the Morrison formation is:
allied to occurrences in both the Kimmeridgian of northern Ger--
many and the Purbeckian of England. FEchinochara S$pinose
Peck, n. gen., n. sp., from the Morrison formation is closely re-
lated to the German Kimmeridgian form described as Clavator
pecki Midler and may be the same species. Representatives of
the Genus Clavator, to which most of the Purbeckian forms are:
referred by Harris (1939), have not been found in the Morrison:
nor in the Kimmeridgian of Germany. The Genus Latochara is
common in the Morrison and the Purbeckian of England but
evidently is not present in the German Kimmeridgian strata.
With the exception of the Genus Latfochara, the Morrison as-
semblage resembles the Kimmeridgian forms much more closely
than the Purbeckian material. The charophytes confirm the
supposition, originally based on other evidence, that most of the
Morrison formation is Kimmeridgian in age but that the upper
part is probably early Portlandian.

Calcareous beds of Aptian age throughout the Rocky Moun-
tains and gulf coast areas have alse yielded many charophytes.
Most of these belong to the distinctive Clavatoraceae and have
the gyrogonite enclosed in a sheath of calcareous cells called
the utricle. Of particular importance among these species are
Atopochara trivolvis Peck, widespread in the Lower Cretaceous
of North America, Hungary, Algeria, and Syria ; Clavator harrisi
Peck, widespread in North America and in the Munder Marl of’
northern Germany; Clavator nodosus Peck, n. sp., utricles and
vegetative parts that closely resemble similar structures in the
British Purbeckian; and Perimneste corrugata Peck, which
closely resembles structures interpreted as antheridia in the
British Purbeckian. The presence of A. frivolvis Peck and
Obtusochara cylindrica (Peck) in the Ephriam conglomerate
supports an Early Cretaceous age for at least part of that

formation.
INTRODUCTION

The Charophyta constitute a group of nonmarine
aquatic plants that ranges from the Lower Devonian to
the Recent. The remains of these organisms are world-
wide in distribution in the Devonian, Upper Jurassic,
Lower Cretaceous, upper Upper Cretaceous, and Ceno-
zoic nonmarine calcareous sedimentary rocks. Rela-
tively few specimens have as yet been reported from
the Mississippian, Pennsylvanian, Permian, Triassic,
Lower and Middle Jurassic, and lower Upper
Cretaceous.

The spotty distribution of the Charophyta in geologic
history seemingly results from different conditions of
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2 SHORTER CONTRIBUTIONS TO GENERAL GEOLOGY

preservation and also from evolutionary surges within
the group. The dextrally spiraled Trochiliscales and
the vertically ribbed Sycidiales were abundant in the
Devonian but did not long survive that period. The
sinistrally spiraled Charales, appearing in the Devonian
of Canada (Choquette, 1956) made slow but steady
evolutionary progress during late Paleozoic and early
Mesozoic. The extensive fresh-water lakes of the Late
Jurassic and Early Cretaceous provided favorable eco-
logic conditions for the Charales, and abundant remains
of the Clavatoraceae and the Aclistochareae are well
preserved in their deposits. The Kimmeridgian of
northwest Germany and the Morrison formation of the
Rocky Mountains area have yielded many kinds of the
spiraled calcareous bodies known as gyrogonites. By
Aptian time the categories were considerably reduced,
but individuals were abundant.

Little is known about lower Upper Cretaceous
Charophyta, but specimens are abundant in some upper
Upper Cretaceous and Cenozoic sedimentary rocks. A
few of the middle Mesozoic genera continued until at
least the close of the Eocene. Modern types were intro-
duced sometime during the late Mesozoic.

The structure, preservation, and occurrence of the
‘Charophyta is such that the group probably will never
rival marine fossils for general stratigraphic use and
precise dating. However, they occur in nonmarine
limestones and associated strata where other fossils are
rare or absent, and several of the genera and species
have proved to be readily recognizable and widely dis-
tributed. With the fairly recent publication of de-
tailed systematic studies by Harris (1939), Rao and
Rao (1939), Peck (1941), Rasky (1945), Peck and
Reker (1948a), Midler (1952), Horn af Rantzein

(1954a, b), and others, it is increasingly evident that
the charophytes are important stratigraphic tools.

Asadditional information on the Upper Jurassic and
Lower Cretaceous nonmarine formations of northern
Germany becomes available, it should be possible to
correlate North American formations of these ages with
those of the European standard section. There is great
similarity between the charophytes of the northwest
German Kimmeridgian as described by Midler (1952)

and those of the Morrison formation. Some of the
Morrison genera do not occur in the German Kim-
meridigian but are common in the English Purbeck.
At present there is not sufficient information to evalu-
ate properly the similarities and the discrepancies, but
additional collecting and study may solve some of these
problems. Several of the Aptian species are wide-
spread throughout Canada, the Rocky Mountains area,
and the gulf coast, and also occur in strata of presum-
ably equivalent age in Germany, Hungary, Algeria, and
Syria. ’

Charophytes are abundant in the lower Tertiary rocks
of the Rocky Mountains area, and the recent papers by
Midler (1955b) and by Grambast and Grambast
(1954-56) on the Tertiary charophytes of Europe pro-
vide us with additional data for more precise dating of
our Rocky Mountains Tertiary.

The North American Charophyta illustrated in this
paper are either drawings or retouched photographs.
The drawings were prepared by establishing outlines
with a camera lucida and completing the shading while
viewing the specimens under a binocular microscope.
The photographs were printed on double-weight semi-
matte paper and then retouched. Each drawing and
photograph has been carefully checked by the artist and
myself. Mrs. Vaona Hedrick Peck made the draw-
ings, retouched the photographs, and arranged the
illustrations on the plates.

Richard Hoare made the statistical analyses and con-
structed the histograms. Lawrence C. Craig, David
Love, Reuben J. Ross, Jr., and George Williams, col-
leagues on the U. S. Geological Survey, accompanied
me on collecting trips and contributed many of the col-
lections used in this study. J. B. Reeside, Jr., made
available material from the Tropic shale.

Type specimens of all new species, and all figured
specimens others than types of previously described
species (material described by Groves excepted), are
deposited in the U. S. Geological Survey type algae
collection at Denver and numbered as indicated in the
text. Types of most of the previously described species
are numbered specimens in the University of Missouri
collections. Type depositories and numbers, where
known, are given in the text.

FIGURE 1.—Structure of the Characeae.
cells ; n, nodal cells; 00, oogonium ; 8, stipulodes; sp, spines.

ap, apical growth cells; an, antheridium ; b, branchlet; br, branch ; b¢, braets; ¢, eortex; én, internodal
Illustration B redrawn from Smith (1950); €, from Giesenhagen (1897) ;

D—-E from Groves and Bullock-Webster (1920) ; F—H from. Groves and Bullock-Webster (1924).

. Apex of plant showing method of segmentation.

Growth stages of oogonium.

Chare hispide Linnacus; complete plant, greatly reduced.

Zamhbawk

Transverse sections showing stages in segmentation of a stem node.
Lateral and sectional views of internode showing central tube and cortical tubes.

. Differences in calcium carbonate deposition in enveloping cells, rang ing from cellular furrows (1) to cellular ridges ¢3).

Longitudinal section of node showing two branchlets and start of a branch.

. Chara mucosa Groves and Bullock-Webster; part of internodes, node, complete branchlet.
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MORPHOLOGY AND HABITS

Modern Charophyta live entirely submerged in
shallow, quiet or slowly moving bodies of fresh or
brackish water. The group has evidently been limited
to these environments since the Devonian (Croft, 1952,
p. 209). Spiral calcified parts of the oogonia, the gyro-
gonites (fig. 14, pls. 4-T), are occasionally found in
Recent marine sediments, and have been recorded in
association with marine fossils in the Ocala limestone
(Eocene) of Florida (Peck and Reker, 1948a) and in
various Devonian formations (Peck, 1934a). However,
most workers believe that such occurrences are due to
the transportation of the small hollow bodies from their
normal habitat and that the charophytes have never
lived in a typical marine environment. Olsen (1944,
p- 101) stated that the outer occurrence of Chara baltica,
the species most often cited as living in marine waters,
is drawn in the Baltic Sea at about the isohaline 18
parts chloride per 1,000, corresponding to about 10,000
milligrams chloride per liter. P. E. Cloud, Jr. (per-
sonal communication) reports charophyte and the
normally marine dasycladacean alga Batophora oerstedi
living in mutually thriving association in brackish
waters in the Everglades at the tip of Florida.

The charophyte plant ranges from a few inches to 5
or 6 feet and is compact to bushy. They are important
as water clarification agents and as bird food. They
furnish useful experimental material because of the
large size of the cells and because of habitat preferences
ranging from alkaline to mildly acidic water (Wood,
1952, p. 319-320). Olsen (1944, p. 200, 222) found that
most species could tolerate considerable range in the
amount of calcium carbonate in the water but that the
pH conditions were of decisive importance. According
to Olsen (1944, p. 197) charophytes ares not found in
highly acid waters, a few are found in fluctuating acid-
alkaline waters, and most occur only in alkaline waters.

A charophyte is a simple plant (fig. 1¢'), consisting
of a rhizoidal system for anchorage, a main axis com-
posed of alternating nodes and internodes, branches
(laterals of unlimited growth), and branchlets (laterals
of limited growth). The branches and branchlets are
also composed of nodes and internodes (fig. 1, B, 0, H).
The distinctive reproductive organs, the oogonia and
the antheridia, are borne on the nodes of the branchlets
(fig. 17). Because of the unusual nature and the high
degree of specialization of the reproductive organs,
many workers question the assignment of the charo-
phytes to the green algae.

Growth of the charophyte plant is accomplished by
an apical cell that cuts off successive proximal segments
parallel to its flat base (fig. 18). These segments divide
horizontally into an upper biconcave nodal cell and a
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lower biconvex internodal cell. The internodal cell does
not divide but elongates, attaining a length of 4-5 inches
in some species (Wood, 1952, p. 320). The nodal cell
does not increase much in length but divides vertically
into several cells.

Division of the nodal cell follows a fairly definite
order (fig. 1£). A median suture divides the cell into
almost equal halves, and then curved sutures cut off
peripheral cells. The peripheral cells are apical cells
of the branchlets (fig. 18), and continue growth on the
same pattern as the main axis. A completely seg-
mented node consists of 2 central cells and 6, 8, or 10
peripheral cells.

In the development of the branchlets, the first divi-
sion of the apical cell forms as a basal nodal cell. This
basal nodal cell divides to produce apical growth cells
for the branches, the bracts, the stipulodes (fig. 1),
certain spine cells, and the cortication (fig. 1B, F) for
the main axis of the internodes. Additional segments
cut off from the apical cells of the branchlets divide into
nodal and internodal cells. Thus the branchlet de-
velops in exactly the same manner as the main axis
except that the internodal cells are shorter, growth
ceases after 2 or 8 divisions, and cortical cells do not
extend upward from the basal node of the branchlet.
Reproductive organs develop from the nodal cells of
the branchlets (fig. 1/). The number and position of
the spiraled oogonia and the spherical antheridia borne
at each node differ considerably and are the basis of

" gystematic subdivision.

The branchlets may divide into 2 rays or more
(Nitella) or remain undivided (Chara). One-celled
spinelike processes that develop from the node cells of
the branchlets are termed “bracts” (fig. 17). In the
Clavatoraceae modified bract or spine cells formed a
hull or envelope around the spiraled oogonium and
were calcified, producing the structure known as the
utricle. (See examples of Olavator, Echinochara, and
Atopochara on pl. 2, figs. 5, 12, 18, 23.)

The branches develop from the peripheral cells of
the branchlet basal node (fig. 1¢). The branches are
similar in all respects to the main stem; and, if the
apical cell of the main stem is injured or destroyed the
first-formed branch will continue as the main axis of
the plant. According to Groves and Bullock-Webster
(1920, p. 25), most of the Chareae bear 1 branch to a
node; Nitella bears 2 branches to a node, and ZTolypella
bears several branches to a node.

Several species of the Chareae have the internodal
cells covered by a single layer of cortical cells that
grow upward from the lower node and downward from
the upper node, the two groups meeting along an ir-
regular line about the center of the internode (fig. 14).
The cortical tubes develop from apical cells formed as
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peripheral cells of the basal nodes of the branchlets.
They grow by the segmentation of the apical cell into
nodal and internodal cells. In some species the divi-
sion produces only long (internodal) and short (nodal)
cells, and there are the same number of cortical tubes
as there are branchlets in a whorl. Such a cortex is
termed “haplostichous” and consists of primary rows
only. In other species the nodal cells divide into a
central cell and two lateral cells. If the lateral cells
grow to the same size and attain about the same length
as the internodal cells, the cortex will consist of two sec-
ondary rows of cells between rows of primary cells.
This type of cortex has three times as many cortical
tubes as branchlets and is triplostichous. If the node
cell cuts off only one lateral, the cortex will be com-
posed of alternating primary and secondary cells. The
cortex then has twice as many cortical tubes as branch-
lets and is known as diplostichous.

The node cell of the cortex may also divide by cutting
off part of its contents on the outer periphery, the side
farthest from the internodal cell of the axis. Such
peripheral budding produces from one to a cluster of
spine cells, free-growing outward-extending cells that
are extremely diverse in size and shape (fig. 1 H; pl. 8,
fig. 13). Cortical cells of Echinochara Peck, n. gen.,
from the Morrison formation, had long tapering spines
developing on both the interior and the exterior of the
cortical cells (pl. 1, figs. 11-13).

On modern Charophyta the downward growing
(basipetal set) and the upward growing (acropetal set)
of cortical tubes meet near the center of the internode
along a smooth or an irregular line (fig. 1 Z). The
cortical tubes of E'chinochara Peck, n. gen., have al-
ternate acropetal and basipetal interfingering cortical
cells tapering in size, each group extending almost to
the next node (pl. 1, figs. 9, 14, 17, 21). On the basal
internodes of branchlets, there are no upward growing
cortical tubes (pl. 1, fig. 16).

~ The male reproductive organs, the antheridia, are
globular bodies composed of eight triangular plates.
They do not calcify on modern charophyte plants, but
Harris (1939) stated that antheridia of the Genus
Perimneste did calcify. Midler (1952, p. 8) believed
that Harris found only impressions of antheridial walls,
not the walls themselves.

The oogonial walls of modern charophytes consist of
5 enveloping cells that spiral to the left. Resting on
the distal ends of the enveloping cells is the coronula, a
structure that consists of 5 small cells in 1 tier in the
Chareae, or 10 small cells in 2 tiers (Nitelleae). The
growth stages of an cogonium are shown in figure 1 D.
The original cell that is to form the oogonium is di-
vided horizontally into a nodal cell and an oosphere.
Then 5 small cells bud off of the outer surface of the
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nodal cell, elongate upwards, and envelop the oosphere.
Each of these enveloping cells is then divided near mid-
length by a horizontal septum, producing 10 small cells
in 2 tiers of 5 each. The lower group of cells continue
to elongate and spiral to the left. The upper cells re-
main small and form a crown or coronula. The in-
terior of the oogonium contains a single large egg filled
with starch grains. After fertilization of the egg, a
hardened cuticle, the oosphore membrane, envelops
the cell wall of the egg. The membrane consists of
layers and is commonly dark and fairly resistant to
decay. Itis found within many recent and fossil gyro-
gonites, and W. N. Croft (1952) has identified it in
specimens of Zrochiliscus (Euwtrochilisous) podolicus
Croft from the Downtonian (basal Devonian) of west
Podolia. The hardened membrane, together with the
fertilized contents, has been designated the oospore.
The oospore, consisting of suberin and silicic acid
(Groves and Bullock-Webster, 1920, p. 57) has been
confused by some authors with gyrogonites with thin
lime shells.

Several species of modern Chareae are major con-
tributors to fresh-water limestones and marls through
the secretion of calcium carbonate by the vegetative
cells and within the spiral enveloping cells of the
oogonia. Relatively little work has been done on the
biochemistry of the precipitation, but Davis noted in
1901 (p. 504) that the cell sap of Chara contained an .
appreciable amount of calcium succinate. Croft (1952,
p- 202) in discussing the parallel banding found by
Karpinsky in Sycidéium, and by Croft in Z'rochiliscus
(Ewtrocheliscus) podolicus and Chara escheri, com-
pared the deposition to that of the formation of gall-
stones and ooliths.

Most of the record of fossil charophytes consists of
descriptions of gyrogonites, the small spiral calcified
parts of the oogonia. Few records or descriptions of
fossil vegetative parts of the plant have been made.
The reason is probably twofold. The spiral gyrogonites
are conspicuous and easily recognized fossils that are
known to most paleontologists and paleobotanists. The
vegetative parts are not so readily recognized or so well
known. Also, the calcium carbonate deposited in the
vegetative parts of the plant may not retain the form
and organic structure but, on the death of the plant, may
disintegrate into a fine-grained calcareous mud. The
gyrogonite is more stable and resistant. Many beds
that contain gyrogonites in abundance do not contain
vegetative parts of charophytes. Notable exceptions to
the paucity of vegetative remains are illustrated by the
Mesozoic Clavatoraceae. In the British Purbeck, vege-
tative remains of the Genus Clavator are common ; and
in the Morrison formation of the Rocky Mountains
area, the remains, chiefly internodal fragments, of
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Echinochara spinosa n. gen., n. sp., make up beds of
limestone as much as 40 feet thick (Johnson, 1954,
p- 94).

The manner of deposition of the calcium carbonate
in the enveloping cells and the different kinds of gy-
rogonites thus produced have been discussed in some
detail by Karpinsky (1906), Peck (1934a, p. 89), Croft
(1952, p. 201), and Midler (1952, p. 10, 11). Forms
with thin lime shells have the enveloping cells repre-
sented by broad deep spiral furrows (cellular furrows)
that are separated by high thin sharp ridges (inter-
cellular ridges) (fig. 1 41). On many of these the lat-
eral contacts of the units may be readily observed. (See
Peck, 1934a, pl. 9, figs. 12 a—e, and Midler, 1952, p. 11,
figs. 3 a-k.) As the lime shell thickens by additional
deposition within the cell on the concave surface of the
already formed groove, the cellular furrow becomes
shallower, and the intercellular ridge broadens (fig.
1 42). Continued addition of calcium carbonate may
fill the cellular furrow and transform it into a broad
gently convex cellular ridge (fig. 1 43). This filling
process reduces the relief of the intercellular ridges and
may finally transform them into shallow intercellular
furrows. In some species of Clavator and other forms,
the deposition completely encircles the cell, leaving the
interior hollow. (See pl. 2, fig. 13, and Maslov, 1947).

Karpinsky (1906) and Croft (1952) found color
banding in sections of some specimens (see Croft, pl. 19,
fig. 28) which seemed to indicate that deposition had
taken place as flat parallel laminae within the cell.
Peck (1934a), working with silicified specimens of
trochilisks from the early Mississippian, found color
banding to be concave and parallel to the walls of the
spirals. Although distinct color banding parallel to
the cell walls is well shown on some specimens prepared
for this paper (pl. 4, fig. 23), the evidence is not con-
sidered conclusive, and more study on the manner of
deposition of the calcium carbonate is needed.

CLASSIFICATION

The Charophyta is a small group of plants that has
retained its identity from at least the Lower Devonian
(Croft, 1952). Groves and Bullock-Webster (1920,
1924) considered the group sufficiently distinet to be
a separate division of plants. All living forms belong
to the Family Characeae, which is assigned to the green
algae (Wood, 1952). Fritsch (1935, 1944) referred
the family to the Order Charales of the Class Chloro-
phyceae; Wood (1949) and Smith (1950) considered
the group as forming a separate class, the Charophy-
aceae; and Moore (1954) raises the Chlorophyceae to
phylum rank under the Subkingdom Protoctista and
designates the charophytes as Class Chareae.

Miidler (1952) proposed the inclusion of all fossil and
living charophytes in the Class Charophyta. This class
includes three orders, the grouping based on the char-
acters of the gyrogonites. The Order Sycidiales in-
cludes those Paleozoic forms in which the enveloping
cells are vertical (not spiral) ; the Order Trochiliscales,
the dextrally spiraled Paleozoic gyrogonites; and the
Order Charales, those forms with sinistrally spiraled
enveloping cells. The recorded range of the Charales
is from Devonian to present (Choquette, 1956).

Midler (1952, 1955a) recognized four families in the
Order Charales: the Palaeocharaceae, the Clavatora-
ceae, the Lagynophoraceae, and the Characeae. The
Paleocharaceae consists of two genera, Paleochara
Bell, a Pennsylvanian form with six sinistral spirals,
and Eochare Choquette, a Devonian genus with more
than six sinistral spirals, The Clavatoraceae includes
Mesozoic charophytes in which the oogonia are invested
in utricles. The Lagynophoraceae is a little-known
group from the Tertiary of southern Europe that may
prove to be closely related to the Clavatoraceae. The
Characeae includes all living charophytes and fossil
gyrogonites and vegetative parts that do not differ
markedly from the living forms.

Midler (1952, 1955a) groups representatives of the
Characeae in four subfamilies, the Aclistochareae, the
Kosmogyreae, the Nitelleae, and the Chareae. The
Aclistochareae constitute an important and distinctive
group, known only as fossils, in which the gyrogonite
suminit is modified in various ways to produce a circular
zone of weakness. Many of the gyrogonites have large
summit openings that were probably caused by the
embryo breaking out the summit area. Gyrogonites of
oogonia that were not fertilized are closed distally by
thin ends of the calcareous spirals, which in many cases
are expanded laterally.

The Subfamily Kosmogyreae was proposed by Stache
in 1889 to include two new genera, Kosmogyra and
Kosmogyrella. The subfamily is represented by a few
Late Cretaceous and several Tertiary gyrogonites that
possess papillae or tubercles on the spirals or along the
lateral sutures of the spirals. XAosmogyra included
forms with convex spirals (cellular ridges), and Kos-
mogyrella included forms with concave spirals (cellular
furrows). Midler (1952, p. 5, 6) pointed out that the
degree of calcification of the spirals should not be con-
sidered a generic characteristic, and therefore the Genus
Kosmogyrella is a synonym of Kosmogyra. Midler
(1952, p. 5) also defined a new genus, Kosmogyrina, to
include those gyrogonites with tubercles on the inter-
cellular ridges, and in his classification of the Charo-
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phyta (1952), he recognized the Kosmogyreae in which
he placed the Genus Kosmogyrina.

The origin, significance, and systematic value of the
tubercles on the spirals has been much disputed (Horn
af Rantzien, 1954b, p. 13-18). Some workers (Pia,
1927; Rasky, 1945; and Madler, 1952, 1955a) consid-
ered the development of tubercles of such systematic
importance as to justify subfamily designation, the
Kosmogyreae. Other workers on fossil gyrogonites
(Dollfus and Fritel, 1919 ; Groves, 1933 ; Rao and Rao,
1939; and Peck and Reker, 1947, 1948a) have minimized
the significance and systematic value of the tubercles.

Peck and Reker (1948a) found that tubercles are
consistently present on the gyrogonites of “Aclisto-
chara” clivulata but on only a few specimens of “Aclis-
tochara” coronata and “Chara” bisulcata. A few speci-
mens of Sphaerochara latifasciata Peck, a new species
from the Bear River formation (Albian), possess tu-
bercles, but all other features agree closely with the
nontuberculate gyrogonites of that species (pl. 7, fig.
32). The possession of tubercles on either the spirals
or along the interspiral sutures is an expression of vari-
ation in the deposition of calcium carbonate in the en-
veloping cells. It may represent either an individual
variation within a species or a characteristic of a species,
but it does not appear to be a character of subfamily or
generic value.

The basis of division of the living Characeae into
the subfamilies Chareae and Nitelleae is the develop-
ment of a coronula of 5 cells in 1 tier in the Chareae
and 10 cells in 2 tiers in the Nitelleae. The coronula
cells do not calcify and are seldom if ever preserved
as fossils.

The spirals on fossil gyrogonites of the Chareae and
Nitelleae meet in the center of the summit at a point, or
along a short irregular line, with little or no change
in size and shape. On some specimens the distal ends
of the spirals are slightly expanded. Gyrogonites with
cellular ridges may have the calcification reduced on
the summit, so that the ridges grade into cellular fur-
rows. Unfortunately, gyrogonites of these groups
possess relatively few characteristics that are of value
for division into genera and species, and most of them
have been referred to the living Genera Chara or Toly-
pella.  Recently Médler (1952) referred two new gen-
era, Sphaerochara and Obtusochara, to the Chareae.
Sphaerochara includes the large spherical gyrogonites
that differ markedly in shape from the lime shells of
Chare, and representatives of Obtusochara are small
forms with flat summits. Horn af Rantzien (1954a)
designated another genus, Praechara, characterized by
pointed apical ends. It is difficult at present to estab-
lish criteria that will differentiate these three genera
with eertainty from Chare and Tolypelia.

STRATIGRAPHIC OCCURRENCE

Fossil charophytes and other nonmarine microfossils
are found chiefly in limestones, shale partings in lime-
stone, shales immediately below or above limestones,
shales around limestone concretions, and grey calcare-
ous shales and mudstones not associated with limestones.
The collecting method generally used is to locate favor-
able calcareous beds and gather 1-quart samples from
them. The samples are brought into the laboratory for
treatment. They are first soaked and then reduced by
boiling and flushing or by washing in a microsample
washer. The objective of both methods is to produce
a clean residue which is screened into convenient sizes
and handpicked for microfossils under a binocular
microscope.

The percent of fossil-producing samples that the col-
lection lots yielded depended upon the formation and
location from which the lot came. In the Draney lime-
stone of southeastern Idaho, which has many shale
beds and partings, almost 100 percent of the samples
contained fossils. In the limestones at the base of the
Salt Wash member of the Morrison formation in west-
ern Colorado, about 60 percent of the samples con-
tained microfossils. In an extensive collection from
all beds considered favorable, one is fortunate if 40 per-
cent of the samples are fossiliferous.

Fossil charophytes occur in the North American
Mesozoic from the Middle Jurassic to the upper Upper
Cretaceous. Middle Jurassic forms are known only
from isolated occurrences in the Gypsum Spring forma-
tion near Lander, Wyo., the Piper formation in central
Montana, and below the Sundance equivalents in the
subsurface of south central Canada. The following
table gives the stratigraphic and geographic locations
of charophyte-bearing formations.

Charophytes occur in great abundance in the Morri-
son formation (Kimmeridgian) of the Rocky Moun-
tains area. They have been collected chiefly from the
limestones and associated calcareous shales of the un-
divided Morrison of central Montana, western South
Dakota, eastern and central Wyoming, central Colo-
rado, western Oklahoma, and New Mexico, and in the
calcareous facies of the Salt Wash sandstone member
and the calcareous shales of the Brushy Basin shale
member of the Morrison in the Colorado Plateau area.
At most localities gyrogonites are the only remains of
charophytes; but in central Colorado, central Wyoming,
and western South Dakota, vegetative parts of Zchino-
chara spinosa n. sp. constitute the major parts of some
of the limestone beds.

The Morrison Charophyta resemble the forms de-
scribed from the Kimmeridgian of northwest Germany
by Miidler (1952). E'chinochara spinosa is very closely
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related to Clavator pecki Miadler and may represent
the same species. Other species described by Midler,
while similar to the Morrison forms, appear to be dis-
tinct. The two assemblages contrast in the abundant
representation of the Genus Latochara in the Morrison
and its absence in the German Kimmeridgian. Repre-
sentatives of Latochare are common in tlre English
Purbeck, but Harris (1939) referred these forms to the
Genus Clavator. Additional knowledge of the Upper
Jurassic European charophytes may provide evidence
for closer dating of the Morrison formation.

On the basis of collections studied, the charophyte
assemblages of the Brushy Basin shale and the Salt

Wash sandstone members appear to be distinct in the
Colorado Plateau area. However, all of the Brushy
Basin species and all but two of the Salt Wash species
have been identified from the undivided Morrison for-
mation east of the Colorado Plateau. Therefore, either
the assemblages are not truly distinctive, or collecting
in the area east of the Colorado Plateau has not been
sufficiently detailed to differentiate them. Unfortu-
nately, the true and possibly characteristic Brushy
Basin charophytes are so far known from only a few
localities.

The following table gives the stratigraphic occur-
rence of North American Mesozoic Charophyta.

Stratigraphic occurrence of North American Mesozoic Charophyta

Kimmeridgian-lower Portlandian |Neocomian
Middle Morrison formation Cenoman- | Undiffer-
Jurassic Ephriam Aptian Albian ian- entiated
conglom- Turonian |Cretaceous
Salt Brushy erate
‘Wash Basin Undivided
member member

Adclistochara bransoni Peck
complanate Peck. ..
jonesi Peck_._______
latisulcata Peck.___..
rotunda Peck. .. ____________

Atopochara multivelvis Peck. . .-
trivolvis Peck
Charaais striatus Peck._ ... _._____
Clavator bilateralis Peck .
harrisi Peck.__________ .
minutus Peck. ... ...
nodosus Peck__._______________
Echinochara spinosa Peck_._._._.

Latochara bellatula Peck . __
colling Peck
concinna Peck______
latitruncata (Peck)_
spherica Peck_______
tenuicostata Peck._ . .. _____

Obtusochara cylindrica (Peck) ...
madleri Peck________________.____.
Perimneste corrugata Peck. .
Praechara glypta (Peck)._.___._____.
symmetrica Peck
tezensis (Groves) - -
voluta (Peck) . . o

Sphaerochara brewsterensis (Groves) . - -« ocecoaeeo |
latifasciata Peck .
stantoni (Knowlton)
verticillata (Peck) ..

Stellatochara arguta Peck. .. ... .____
mundula (Peck) - R
obovata (Peck).__._____
sublaevis Peck_______________._____

Tectochara grambastorum Peck

Charophytes are widely distributed in the calcareous
facies of the North American Lower Cretaceous sedi-
ments. They occur in the Lakota sandstone of western
South Dakota, the upper Kootenai formation of cen-
tral and western Montana, the Blairmore formation of
Canada (Loranger, 1951, 1955), the Cloverly formation
of central and western Wyoming, the Gannett group of
southeastern Idaho, the Burro Canyon formation of
Utah (Stokes, 1952), the Overton fanglomerate of
Nevada, the Baum limestone member of the Paluxy
formation of southern Oklahoma (Wayland, 1954), and

numerous localities in the gulf coast subsurface identi-
fied only as Lower Cretaceous. Most Lower Creta-
ceous charophytes belong to the Family Clavatoraceae
and are excellent indicators of stratigraphic position.
Atopochara trivolvis Peck is widely distributed in
North America and has been recorded in the Aptian of
Hungary by Rasky (1945), the Aptian of Syria by
Bellen (1948) and the Aptian of Algeria by Bér and
Magné (1955). Clavator harrisi Peck is also widely
distributed in North America and is listed from the
Munder Marl of Germany by Médler (1952, p. 2).
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Other distinctive species are apparently of more limited
ocecurrence.

Albian charophytes are known only from a limited
area of the Bear River formation of southwestern
Wyoming. Gyrogonites are abundant in the Bear
River, and a few small vegetative parts have been col-
lected that closely resemble parts of the living Genus
Chara. The Bear River gyrogonites are divided into
4 species that are referred to 3 genera. Two of the
species are similar to the gyrogonites of living Chara
and are referred to the Genus Sphaerochara Madler.
Genera of the Clavatoraceae, abundant in the Aptian,
are not represented in the Albian, but the Clavatoracean
Genus Atopochara recurs in the younger Tropic shale
of Cenomanian-Turonian age in southern Utah.

To date, little systematic effort has been made to ob-
tain charophytes from the thick nonmarine Upper Cre-
taceous rocks of the Rocky Mountains area. On the
basis of information about the few collections that have
been made, they appear to be much more closely related
to the lower Tertiary than to the middle Mesozoic forms.

The Charophyta changed rapidly during the Middle
and Late Jurassic. Médler (1952) described many
kinds of gyrogonites from the Kimmeridgian of north-
west Germany, and the Morrison gyrogonites present a
bewildering number of shapes, sizes, and other features.
In attempting to arrange the Morrison forms into
genera and species, it has been difficult to decide which
variations are specific and which individual. Because
of the large collections studied in which many grada-
tional variations are evident, individual differences have
been emphasized, and the number of species names have
been kept to a minimum.

Harris (1939) referred all the charophytes of the
Purbeckian of England to 3 genera and 5 species. As
indicated by Médler (1952), many of the gyrogonites of
the Purbeck probably belong in other generic and spe-
cific categories, and the assemblages contain more spe-
cies than were recognized by Harris. Nevertheless, it
is true that the number of species and the individual
variations within species are much less in the Purbeck
than in the Kimmeridgian.

The Aptian assemblage in North America is referred
to 14 species belonging to 8 genera. Only 5 of the 14
species are abundant and widespread, but all have well-
established characteristics and are easily differentiated.
During the Lower Cretaceous and probably during the
Purbeck, the charophyte species were comparatively
stable groups.

COLLECTING LOCALITIES

Fossil charophytes are widely distributed in the non-
marine limestones and calcareous shales of the Rocky
Mountains area. Only those localities that have pro-

duced abundant material or material that is strati-
graphically or systematically important are listed be-
low. Unless otherwise indicated, the collections were
made by the author.

Localities in the Rocky Mountains area from which fossil
charophytes were collected

MONTANA
Middle Jurassic
D294. Piper formation.-——Railroad cut three-fourths of a mile
north of the Gypsum Plant and south of Heath, in the El% sec.
2, T. 14 N,, R. 19 E,, Fergus County, Mont. Sample from cal-
careous shale and fossiliferous limestone zone about 60 feet
above the base of the formation.
Stellatochara sublaevis Peck
Aclistochara rotunda Peck

Upper Jurassic
D295. Morrison formation.—Road cut of the Lewistown-
Heath road one-half mile west of where road forks to Forest
Grove and Big Snowy Mountains in E14 sec. 34, T. 16 N,, R. 19 E,,
Fergus County, Mont. Sample from thick limestone and shale
unit in road cut.
Sphaerochara verticillata (Peck)
Latochare latitruncata (Peck)
Latochara concinna Peck
Stellatochara obovata (Peck)

Lower Cretaceous (Aptian)

D}20. Kootenai formation—Nodular limestone and shale
zone underlain by red claiy in road cut in T. 18 N,, R. 4 E., 1 mile
southwest of Griffin, about 14 miles southeast of Great Falls,
Mont.

Atopochare trivolvis Peck
Gyrogonites and vegetative parts of Clavator harrisi Peck

DJj21. Kootenai formation-—Limestone, red clay, and shale
series in road cut on the north side of U. 8. Highway 10, 1
mile west of Drummond, Granite County, Mont. Sample from
thick limestones near the top of the exposure.

Atopochara trivolvis Peck
Clavator harrisi Peck

D22, Kootenai formation.—Thick fossiliferous limestone and
shale series in the upper Kootenai south of the Beaverhead
River in the NW14 sec. 11, T. 55., R. 8 W., along the high road
between Twin Bridges and Dillon, Beaverhead County, Mont.

Atopochara trivolvis Peck
Clavator herrisi Peck

D}23. Kootenai formation.—Fossiliferous limestones and
shales exposed in a cut on the road leading north from U. S.
Highway 10, 8 miles east of Drummond, Powell County, Mont.

Atopochara trivolvis Peck
Clavator haerrisi Peck

SOUTH DAKOTA
Upper Jurassic
D283. Morrison formation.—Cut in old road in the W14 sec.

12, T. 7 8., R. 2 E, half a mile west of Robinson Ranch, Edge-
mont NE. 7l4-minute quadrangle, Fall River County, S. Dak.
Sample from “algal” limestone and shale zone near the base
of the formation.

Echinochara spinosa Peck

Aclistochara bransoni Peck

Latocharae concinne Peck

Latochara latitruncate (Peck)
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Lower Cretaceous (Aptian)

D286. Lakota sandstone—Cut on north gide of Fall River
road, 3.2 miles southeast of city limits (1940) of Hot Springs,
Fall River County, S. Dak. Sample from about the middle of
shale lense 15 feet in thickness and ranging from light gray at
the base to almost black at the top. Shale lenses out within
200 feet to the west.

Atopochara trivolvis Peck
Clavator harrisi Peck

Clavator minutus Peck
Latochara bellatula Peck
Obtusochara madleri Peck
Tectochara grambastorum Peck
Praechara symmetrica Peck
Praechara voluta (Peck)

D}32. Lakota sandstone.—Samples from thick olive-gray mud-
stones in lower half of the formation in the SW34 sec. 15, T.
8 8., R. 4 E,, Flint Hill quadrangle, Fall River County, S. Dak.
Collected by Henry Bell and E. V. Post, 1954. Field locality
nos. HBP-51, 56-54 ; HB-22-54, Book 7.

Clavator nodosus Peck
Praechara symmetrica Peck
Tectochara grambastorum Peck

WYOMING
Upper Jurassic

D296. Morrison formation.—Small outlier on Sundance dip
slope just north of west of Devil’'s Tower in Devil’s Tower
National Monument, Crook County, Wyo. Sample from lime-
stone and shale zone in lower part of the formation.

Aclistochara bransoni Peck
Aclistochara jonesi Peck
Latochara latitruncata (Peck)
Sphaerochara verticillata (Peck)
Praechara voluta (Peck)
Stellatochara obovata (Peck)
Stellatochara argute-Peck

D292. Morrison formation.—East bluff of the Platte River
in T. 31 N, R. 72 W, south of Douglas, Converse County, Wyo.
Section is illustrated in figure 52, page 86 of the Kansas Geo-
logical Society 14th Annual Field Conference Guidebook, 1940,
Sample from the thin-bedded limestones and gray shales 150
feet above the hase of the formation.

Aclistochara bransoni Peck
Aclistochara complanate Peck
Aclistochara latisulcata Peck
Aclistochara jonesi Peck
Latochara latitruncate (Peck)
Latochara concinna Peck
Stellatochara obovata (Peck)
Stellatochara arguta Peck
Praechara voluta (Peck)

D293. Morrison formation.—OQuterop at end of Spanish Dig-
gings road in W15 sec. 81, T. 31 N., R. 66 W., Niobrara County,
Wyo. Sample a composite from about the middle of the forma-
tion in a 30-foot limestone and shale unit.

Aclistochara bransoni Peck
Aclistochara rotunda Peck
Stellatochara obovaia (Peck)
Praechara voluta (Peck)

D285. Morrison formation.—Limestone from Flat Top uplift,
north of Medicine Bow, Carbon County, Wyo.
Echinochara spinosa Peck

D304. Morrison formation.—Shales near a 2-foot limestone
about the middle of the formation just south of Difficulty, Car-
bon County, Wyo.

Aclistochara bransoni Peck
Latochara latitruncatae (Peck)
Stellatochara obovata (Peck)

Lower Cretaceous (Aptian)

D297%. Cloverly formation.—From dense limestones and gray
shales about 280 feet above the top of the Sundance along the
east flank of the Wind River Mountains between the Middle
Fork of the Popo Agie River and Squaw Creek 3 to 4 miles west
of Lander, Fremont County, Wyo.

Clavator bilateralis Peck
Latochara tenuicostata Peck

D424, Cloverly formation.—Limestones and shales in lower
part of the 75 to 100 feet of brightly variegated waxy claystones
with a persistent lilac-colored zone near the top in the W15, sec.
8, T.18., R.1E, at the south end of Sage Creek dome, Fre-
mont County, Wyo. (Sharkey, Zapp, and Johnson, 1946).

Atopochara trivolvis Peck
Clavator harrisi Peck

D425. Oloverly formation—Limestones and shales exposed on
the north side of Green River, below Lower Green River Lake
and west of Mill Creek, Fremont Peak quadrangle, Sublette
County, Wyo.

Atopochara trivolvis Peck

D303. Draney limestone, Gannett group—Shales in the
Draney along Gray’s River road, 1.4 miles northwest of Young’s
Ranch, Lincoln County, Wyo.

Obtusochara cylindrica (Peck)

D426. Draney limestone and lower Bear River formation.—
Hard gray shales and fossiliferous limestones on the north side
of Thomas Fork Creek in the N34 sec. 26, T. 28 N,, R, 119 W,
Cokeville quadrangle, Lincoln County, Wyo.

Atopochara trivolvis Peck
Clavator harrisi Peck

Lower Cretaceous (Albian)

D299. Bear River formation.—Thin fossiliferous layers of
carbonaceous shales, thin sandstones, limestones, and beds of
coal exposed in cut of old abandoned railroad on Sulphur Creek
in sec. 29, T. 14 N,, R. 119 W., 9 miles southeast of Evanston,
Uinta County, Wyo. Samples taken in fossiliferous layers of
carbonaceous sShales.

Stellatochara mundula (Peck)
Sphaerochara stantoni (Knowlton)
Sphaerochara latifasciata Peck
Praechara voluta (Peck)

Charawzis striatus Peck

D42%7. Bear River formation.—Fossiliferous limestones and
carbonaceous shales in Shell Hollow in the Hi4SE1; sec. 12,
T. 16 N., R. 121 W., 7 miles north of Evanston, Uinta County,
Wyo. Samples taken in the lower 300 feet of exposure.

Stellatochara mundula (Peck)
Sphaerochara stantoni (Knowlton)
Sphaerochara latifasciata Peck
Praechara voluta (Peck)
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COLORADO
Upper Jurassic
D428. Morrison formation, Salt Wash sandstone member.—

Samples from 25-foot limestone and shale section at the base
of the member along a cut of the private road leading west from
U. S. Highway 50 to Broughton Fruit Farm, in sec. 35, T. 4 8.,
R. 2 E., Ute meridian, 17 miles north of Delta, Delta County,
Colo.

Aclistochara bransoni Peck

Aclistochara jonesi Peck

Praechara voluta (Peck)

Latochara concinne Peck

D306. Morrison formation, Salt Wash sendstone member.—
Samples from calcareous shales and thin limestones near the
base of the member along the south side of the road leading into
the east entrance of Colorado National Monument west of Grand
Junction, in sees. 17-18, T. 11 S, R. 101 W., sixth principal
meridian, Mesa County, Colo.

Aclistochara bransoni Peck
Praechara voluta (Peck)
Echinochara spinosa Peck

D300. Morrison formation, Salt Wash sandstone member.—
Sample from a mudstone above a limestone in the Salt Wash
on the Klondike-St. Margaret No. 5 claim in the SE14 sec. 7,
T. 43 N., R. 12 W., San Miguel County, Colo. Notebook reference
Emerick and Mobley 2 M 1 and 9, 1952. Collected by Emerick
and Mobley.

Latochara collina Peck

D282. Morrison formation, USGS Mesozoic loc. D45.—South
Canyon Creek, 5 miles air line west of Glenwood Springs, Glen-
wood Springs quadrangle, sec. 2, T. 6 8., R. 90 W., Garfield
County, Colo. From 140 feet above the base of the Morrison
in 25 feet of interbedded limestone and greenish-gray shale.
Collected by N. W. Bass.

Echinochara spinosa Peck

N284. Morrison silicified formation.—Limestones and gray
shales on the north side of the Owl Canyon road and just east
of the North Fork of the Poudre River in NW14 sec. 5, T. 9 N.,
R. 69 W,, 13.5 air line miles north of Fort Collins, Larimer
County, Colo. Sample from near an 18-inch limestone ledge
holding up a small hogback 25 feet above the base of the for-
mation.

Echinochara spinosa Peck
Aclistochara jonesi Peck
Aclistochara bransoni Peck
Stellatochara obovata (Peck)
Latochara latitruncaete (Peck)
Latochara concinna Peck

D301. Morrison formation.—Composite sample from lime-
stones and shales in upper half of exposure in a cut on the north
side of Colorado Highway 16, 31 miles west of Loveland, Lari-
mer County, Colo.

Aclistochora latisulcata Peck

D302. Morrison formation.—Sample from clay unit 24 feet
above the basal sandstone in the exposure at the type locality
along the road cut of West Alameda Parkway, SE1} sec. 23,
T. 4 8., R. 70 W., Morrison quadrangle, 2 miles north of Mor-
rison, Jefferson County, Colo. Collected by C. J. Ross, Jr.

Sphaerochara verticillata (Peck)
Aclistocharae bransoni Peck
Latochara concinna Peck
Latocharae latitruncate (Peck)
Stellatochara obovate (Peck)

D305. Morrison formation.—Green shale and limestone zone
about the middle of the formation and just below the Dinosaur
beds in Red Canyon, 8 miles north of Canon City, Fremont
County, Colo. (Cross, 1894).

Latochare latitruncata (Peck)
Latochera concinng Peck
Aclistochara bransoni Peck
Stellatochara obovate (Peck)
Praechara voluta (Peck) ~

D429. Ralston formation of LeRoy, 1946. USGS Mesozoic
loc. no. D46.—Jasper-bearing limestone at the top of LeRoy’s
Ralston formation in the SW1,8E14 sec. 27, T. 6 S, R. 69 W,
Kassler quadrangle, Jefferson County, Colo. Collector G. R.
Scott.

Echinochara spinosa Peck

IDAHO
Lower Cret (N

ian)

D430. Ephraim conglomerate (Gannett group) . —Sample from
a white limestone about the middle of the Ephraim (Mansfield,
1927, p. 102, div. D) on the north side of the road 2 miles west
of Auburn, Wyo., in sec. 26, T. 7 S., R. 46 E., Freedom quadrangle,
Idaho-Wyoming,
Atopochara trivolvis Peck
Obtusochara cylindrica (Peck)

Lower Cretaceous (Aptian)

D287. Peterson limestone (Gannelt group) —Shales on the
south side of the road in Tincup Creek canyon 1.7 miles west of
Freedom School, T. 5 8., R. 46 E., Freedom quadrangle, Idaho-
Wyoming.

Perimneste corrugata Peck
Clavator harrisi Peck

D30%7. Draney limestone (Gannett group) —Sample from the
upper part of a shale series forming the west side of an anticline
0.6 mile east of where road crosses Tincup Creek in the east
side of Lanes Creek quadrangle, Idaho.

Atopochara trivolvis Peck

UTAH

Upper Jurassic

D289. Morrison formation, Salt Wash sandstone member.—
Limestones and calcareous shales near the base at Church Rock
section, sec. 29, T. 3 S., R. 24 K., about 20 miles -north of Monti-~
cello, San Juan County, Utah.

Latochara spherica Peck

D290. Morrison formation, Brushy Basin shale member.—
Calcareous shales 75 feet below the base of the Buckhorn on the
north side of the Woodside-Castlegate road in sec. 5, T. 19 8.,
R. 14 E., Salt Lake principal meridian, Emery County, Utah.

Stellatochara arguta Peck
Stellatochara obovata (Peck)
Latochara latitruncatae (Peck)

Lower Cretaceous (Aptian)

D431, Burro Canyon formation.—Greenish-gray shales with
limestone nodules directly below the basal conglomerate of the
Dakota sandstone at Upper Courthouse Wash, sec. 17, T. 24 S.,
R. 20 E., Salt Lake principal meridian, 3 miles northwest of the
Archer National Monument turn-off on U. 8. Highway 160, north
of Moab, Utah.

Atopocharae trivolvis Peck
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Upper Cretaceous (Cenomanian-Turonian)

D288. Tropic shale, USGS Mesozoic loc. 23921.—Chocolate-
colored limestone, 120 feet above the base of the Tropic shale
of Gregory and Moore in the SW14SE14 sec. 13, T.37 8., R. 3 W,,
1 mile north of Cannonville, Garfield County, Utah. Collected
by J. B. Reeside, Jr., J. J. Carroll, and J. de A. Ramos, August
1952.

Atopochara multivolvis Peck

KEY TO MESOZOIC GENERA

The following outline is a key to the classification of
North American Mesozoic genera of charophytes.

Key to genera of North American Mesozoic Charophyta

I. Gyrogonites enclosed in utricles (Clavatoraceae).
A, Utricles composed of essentially vertical units.
1. Cortex of 12 continuous tubes, spines small and
in elusters. . ____________ Clavator.
2. Cortex composed of 12 units; 6 descend and 6
ascend from adjoining nodes and interfinger in
the center of the internode; spines long and
tapering. . __________ Echinochara.
B. Utricles with 8-rayed symmetry________ Atopochara.
C. Surface units irregularly spiral, antheridia (?) divided
into upper and lower hemispheres; 4 openings to
interior, 2 polar and 2 equatorial.______ Perimneste.
II. Gyrogonites not enclosed in utricles (Characeae).
A.’Distal ends of spiral units not modified, meeting at
center of summit at point or along short irregu-
lar line.
1. Large spherical gyrogonites______ Sphaerochara.
2. Gyrogonites with distinctly flattened summits
Obtusochara.
3. Apical pole (and generally basal pole) slightly
protruding . . _________________ Praechara.
B. Distal ends of spirals distinetly modified.
1. Summit depressed.
a. Spirals end in shallow summit depression—
if ends are not preserved gyrogonite has

large summit opening______ Aclistochara.
b. Spiral ends enclose throatlike opening to
gyrogonite________________ Stellatochara.

2. Summit not depressed.

a. Spirals narrow at periphery of summit, then
expand to close summit with swollen tips
forming a rosette__.________ Tectochara.

b. Spiral ends form pyramidal projection on
summit. Latochara.

II1. Gyrogonites unknown, vegetative parts resembling those of
the living Chara- - _________ Charazis.

SYSTEMATIC DESCRIPTIONS
Class CHAROPHYTA
Order CHARALES
Family CLAVATORACEAE Pia

Diaggosis.—Charophyta with a corticated axis; gy-
rogonites with five sinistrally spiraled enveloping cells
enclosed in utricles. Oogonia may have both inner and
outer walls calcified.

Remarks—The family name Clavatoraceae was pro-
posed by Pia in 1927 to contain the single Genus Clava-
tor Reid and Groves. Pia did not define the family or
establish family characters. Groves (1933) evidently
did not consider the new family valid or necessary as
he failed to use it in his general classification in the
Fossilium Catalogus.

Harris (1939), in his carefully detailed study of the
British Purbeck Charophyta, referred the major part
of his material to the Genus Clawator Reid and Groves
and to the Genus Perimneste Harris. He was the first
to propose definite family characters (Harris, 1939,
p. 14). The Purbeck material is silicified ; vegetative
parts are excellently preserved in great profusion and
are stressed by Harris in his formal description of the
plant.

Vegetative remains referable to the Clavatoraceae are
well preserved in the Purbeckian of southern England,
eastern France, western Switzerland, and Germany and
in the Kimmeridgian of northwest Germany and the
eastern part of the Rocky Mountains area of the United
States (Morrison formation). Inmany occurrencesthe.
family is represented only by the reproductive organs.
These organs in most, or perhaps in all, specimens con-
sist of the sinistrally spiraled gyrogonites and utricles.
Recognizing that reproductive organs were much more
common than vegetative parts, Horn af Rantzien
(1954a, p. 26) proposed a new definition of the family
based largely on the shape of the gyrogonite and its
inclusion in a utricle.

Although vegetative parts are preserved more com-
monly in the Clavatoraceae than in any other family
of the Charophyta, the utricles and gyrogonites occur
in many places that yield no evidence on the vegetative
structure of the plant. The utricle provides the best
character for recognition of the family and for the
systematic arrangement of genera within the family.

The Clavatoraceae are important guide fossils in
Upper Jurassic and Cretaceous strata. The Genus
Clavator Reid and Groves is widely distributed in cen-
tral Europe and in North America. Several species
with fairly definite stratigraphic ranges have been de-
fined. The Genus Perimneste Harris is found in cen-
tral Europe; and one species, P. corrugata Peck, is
widely distributed in the nonmarine Aptian of the
United States. Atopochara Peck occurs throughout
the nonmarine Aptian of the United States and has been
described by Rasky (1945, p. 53) from the Aptian of
Hungary and listed by Bellen (1948) from the Aptian
of Syria and by Bir and Magné (1955) from the Aptian
of Algeria. A new species, 4. multivolvis, is described
in this paper from the Tropic shale (Cenomanian-
Turonian) of Utah. A new genus, Kchinochara, is
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herein described from the Morrison formation (Kim-
meridgian) of the Rocky Mountains area, and it is be-
lieved that Clavator pecki Midler from the Kim-
meridgian of northwest Germany should be referred to
this genus.

Recently Horn af Rantzien (1954a) has described
two new genera, Stellatochara and Clavatorites, from
the Triassic of Sweden and referred them to the Clava-
toraceae. Representatives of these genera lack the
characteristic utricles and do not have vegetative parts
preserved. Their inclusion in the Clavatoraceae is
questionable. Rasky (1952) identifies free gyrogonites
from the Paleocene of Hungary as species of Clavator.
These gyrogonites are not discussed; and, in the ab-
sence of associated utricles or vegetative parts, their
reference to the Clavatoraceae cannot be considered as
proved.

The known range of the Clavatoraceae is from the
Kimmeridgian to the Cenomanian-Turonian. Triassic
and Paleocene forms referred to this family probably
belong elsewhere.

Genus CLAVATOR Reid and Groves emend. Harris, 1939

Type species—Clavator reidi Groves, from the Pur-
beck of England, by monotypy.

Diagnosis—Qogonia arranged in a single row on the
adaxial side of the branchlet, one on each joint.
Utricles composed of essentially vertical units. Gy-
rogonites small, strongly beaked, generally with both
outer and inner walls of the oogonia calcified.

Description—The following is the description as
given by T. M. Harris (1939).

Stem strongly calcified, consisting of relatively slender inter-
nodes and swollen nodes; nodes giving rise to whorls of six
equal leaves [branchlets]. Branches alternating with the leaves.
Internodes composed of a central cell surrounded by twelve
series of equal cortical tubes composed of alternate long and
short cells; short cells giving rise to clusters of spine cells
which more or less completely cover the cortex. Towards the
node six of the cortical cell series becoming greatly enlarged
and six diminishing or disappearing. Cortical cell rows unin-
terrupted from one node to the next. '

Leaves [branchlets] simple, composed of a series of longer
and shorter cells, the shorter giving rise to clusters of spine
cells which more or less completely cover the central cells.

Oogonia borne in a single row on the adaxial side of the leaf,
one on each joint. Wall of oogonium showing two calcified
layers, the inner forming an ovoid gyrogonite showing five elon-
gate, spirally-twisted cells as in recent Characeae, the outer
pear-shaped, smooth or bearing a few tubercles. QOogonium
usually enclosed in a utricle composed of about ten elongated
adnate cells.

Antheridia not calcified, form unknown, but borne singly on
the adaxial side of a leaf, one on each joint, corresponding in
position to oogonia, but not found on same leaf.

Remarks—The Genus Clawator, with two species,
was described in great detail from the British Purbeck

by Harris in 1939. Vegetative parts of the plant are
silicified in the British Purbeckian, and both generic
and specific characters are largely based on them. As
pointed out by Médler (1952, p. 3), many of the gyrog-
onites referred to Clavator by Harris probably belong
elsewhere.

In the United States Olavator is confined to rocks of
Aptian age, where it is represented by 4 species, 3 of
them described for the first time in this paper. Clava-
tor harrisi Peck is widely distributed and an excellent
guide fossil. The 3 new species, € ménutus, C. bilat-
eralis, and O. nodosus have been recognized from only
limited areas.

The oldest species referred to Clavator is C. pecki
Midler from the Kimmeridgian. As pointed out
under the discussion of the new Genus Z'chinochara,
C. pecki probably belongs there rather than to Clava-
tor. If this assumption is correct, Clavator is known
only from the Purbeckian of Europe and the Aptian
of the United States. Rasky (1952) illustrates gyrog-
onites from the Paleocene of Hungary that she iden-
tifies as species of COlavator, but they probably belong
to another genus.

Clavator harrisi Peck .
Plate 2, figures 9-20

Clavator harrisi Peck, 1941, Jour Paleontology, v. 15, p. 292, pl.
42, figs. 25-37.

Diagnosis—Utricles thin, partly exfoliated on many
specimens, composed of long and short vertical units
so arranged as to develop irregular bilateral symmetry.
Two of the groups, on opposite sides, develop as short
ascending furrows that branch laterally into groups of
10 or 11 radiating furrows which fan out to cover a
considerable part of the gyrogonites. Intervening
groups on either side are irregular in development and
size.

Gyrogonites ovoid, fairly smooth, about 700u long
and 570y wide, strongly beaked by abrupt upturning of
spiral units at distal end, and with inner and outer walls
calcified. Spirals gently convex with undulating lat-
eral margins.

Description—The following description is taken
from an earlier publication (Peck, 1941).

Oogonium [gyrogonite] small, averaging about 0.7 mm in
length and 0.57 mm in width, ovoid, composed of five sinis-
trally spiralled units that make about two complete turns in
their ascent and recurve distally to form a beak or projection
about the summit opening. Calcification uniform and fairly
complete, most specimens possessing a smooth and rounded ex-
terior with unit divisions marked by small furrows.

Utricle well developed on most specimens, composed of four
groups of long and short almost vertical units that completely
or partly cover the oogonium [gyrogonite] and develop a bi-
lateral symmetry. The groups are:
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1. One fairly large deeply grooved unit that originates at the
basal opening and ascends vertically with little or no change in
size to or above the equator. This unit does not divide or give
rise to other units. On a few specimens it reaches the summit,
but usually near the equator it loses its identity in a rough-
ened area of tubercles or by the joining of the lateral fan-
shaped units. [See pl. 2, fig. 15.]

2. Adjacent groups on each side of unit 1 are large and usually
exact duplicates, giving the utricle a compressed appearance
and bilateral symmetry. Each group originates with a single
small vertical unit at the basal opening. This unit ascends a
short distance with units branching from each side, and below
the equator of the specimen gives origin to a group of ten or
eleven radiating furrows, which spread out fanwise to cover
a considerable part of the oogonium. The radiating units ter-
minate against unit 1 or against each other at the summit, and
against unit 4.

3. Group 4 originates as a fairly large furrow at the basal
opening, ascends vertically between the distal ends of the radi-
ating groups to about the equator of the specimen and gives
rise to four or five short radiating furrows that may themselves
give rise to several more units near the summit. This unit is
the least regular of the four. It appears to have developed
last and to have developed to fill in any uncovered space between
the large radiating units. [See pl. 2, fig. 16.]

The bilateral symmetry is developed with reference to a plane
bisecting units 1 and 4. The trilateral symmetry is nearly at-
tained in that, on the globose specimens, unit 4 develops as
nearly as possible on the plan of units 2 and 3.

Remarks—C. harrisi is widely distributed in the
North American Aptian and is an easily identified spe-
cies. Thestrong trend toward bilateral symmetry read-
ily differentiatés it from associated species of
Atopochara and Perimneste, and the size and fan-
shaped development of the lateral units sets it apart
from Clavator minutus n. sp. and Clavator bilateralis
n. sp.; C. nodosus n. sp. has strongly nodose utricles.

Clavator harrisi is the only common North American
representative of the Clavatoraceae in which the gyro-
gonite is well preserved and occurs free or partly free
of the enclosing utricle. The gyrogonite is distinctive
in shape, in the well-developed summit neck produced
by the upturned margins of the spirals, in the undulat-
ing lateral contact of the spirals, and in having both
the inner and outer walls of the oogonium preserved
with an enclosed hollow space in the centers of the
spirals. The gyrogonite rarely occurs completely free
of the utricle, but on many specimens the utricle is
partly exfoliated or incomplete. On some specimens
the utricle is so thin that the spiraled units are easily
visible through the utricle wall.

The utricle has a slight range in form. The two large
radiating groups are almost always uniform and well
developed. Near the summit the units may grade out
into tuberculated areas or may be absent. The inter-
vening units may be the same or very different, but the
differences are not consistent enough to justify specific
division.

Vegetative parts of the plant are not positively iden-
tified. Part of an internode and node that probably
belong to this species have been collected from the
Kootenai formation in Montana.

Ocourrence—Widely distributed in nonmarine Ap-
tian of the Rocky Mountains and gulf coast areas.
Recorded from Baum limestone member of the Paluxy
formation (Trinity) of southern Oklahoma by Way-
land (1954) and from Munder Marl of Germany by
Midler (1952). Types are from Draney limestone ex-
posures in Tincup Creek Canyon, Freedom and Lane’s
quadrangles, southeast Idaho.

Types—Holotype, 31017-1; paratypes, 31017-2;
31017-3, 81017-4, 31017-5, 31018-1; University of Mis-
souri. Figured specimens other than types, nos. 352—
357, 878, U. S. Geological Survey type algae collection,
Denver, Colo.

Clavator nodosus Peck, n. sp.
Plate 8, figures 3-18

Diagnosis—Utricles well developed and persistent;
strongly nodose in the distal half or two-thirds, fur-
rowed in proximal part around basal opening; and
ranging from 700u to 900x in length and 5004 to 650u
in maximum width.

Gyrogonites ovoid, fairly smooth, about 700u long
and 500y wide, strongly beaked by abrupt upturn of
spiral units at their distal ends, calcification thin with
only outer wall calcified in many specimens. Spirals
gently convex with intervening narrow intercellular
furrows.

Vegetative parts normal for genus. Central tube
slightly more than half the diameter of internode and
surrounded by 12 cortical tubes that appear to be con-
tinuous from node to node. On well-preserved speci-
mens clusters of small spine cells completely cover ex-
terior of internodes. Internodes increase in diameter
as they approach the node. Six branchlets borne at
each node.

Description—The utricle is distinctive, persistent,
and about 50u thick. Its development differs consider-
ably from one specimen to another, but on all specimens
the upper half to two-thirds is strongly nodose. On
some specimens the nodes are in poorly defined vertical
rows that spiral slightly to the right ; on some weathered
specimens the nodes appear to follow the spirals of the
gyrogonite; and on most specimens the nodes are in-
discriminately arranged and follow no apparent order.
The basal part of the utricle consists of fairly long to
short furrows that pass into the rows of nodes distally.
The furrows are highly irregular in development, but
on most specimens 4 equally spaced furrows of unequal
prominence originate around the basal opening and
extend vertically. Two of these furrows divide within
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a short distance distally into several small furrows that
increase in width and fan out as the diameter of the
specimen increases. The other 2 furrows do not divide
but pass into rows of nodes within a short distance.
Other short furrows fill in between the original 4, but
their origin has not been determined. On many speci-
mens the basal part is covered over with fairly thick
elongated parts of calcified bract cells thus obscuring
the utricle.

The utricle was probably formed from modified bract
or spine cells that budded off around the base of the
oogonium, as in other species of the Genus Clavator.
In the lower part of these cells, calcite was secreted
along the interior walls of the cells and is represented
in the fossils by furrows. In the upper parts of the
cells, calcite was irregularly secreted, and these parts
are preserved as nodes.

Completely free and well-preserved gyrogonites of
C. nodosus have not been observed. The gyrogonite
wall is thin and irregular, and the utricles are well
preserved and persistent. On a few specimens the
utricles have been broken away, and parts of the ex-
terior walls of the gyrogonite have been exposed. Thin-
sections show that many of the utricles do not contain
gyrogonites, but impressions of the convex surface of
the enveloping cells are shown on the interiors of the
utricles. Insome thin-sections, parts of the gyrogonites
are shown, but the material composing them is not
distinct. Broken specimens and thin sections indicate
that, on many specimens, only the convex outer wall of
the gyrogonite is preserved. It is probable that the
gyrogonite was thinly calcified in some specimens and
that in other specimens the spiral enveloping cells
failed to secrete any calcite.

Gyrogonites are ovoid, about 700x long, fairly
smooth, and composed of gently convex spiral units
that turn to a vertical position distally to form a long
and prominent beak. The spirals end at the summit in
5 small but conspicuous openings that surround the
summit opening. These openings indicate that calcite
was secreted around the periphery of the distal parts of
" the enveloping cells but not over the ends. Upon decay
of the protoplasmic contents of the cells, matrix filled
in the openings. The matrix weathers more rapidly
than the cell walls and the utricles and thus produces
the 5 small summit identations.

Vegetative parts in the material studied are small
and fragmentary. The internodes range from 350 to
T00p in diameter and, if well preserved, are completely
covered by clusters of small spine cells. The central
tube is slightly more than half the diameter of the
internode and is surrounded by 12 cortical tubes. The
tubes are parallel with the long axis of the internode,

or spiral slightly to the right. It has not been deter-
mined if the cortical tubes are divided into long and
short cells. In so far as observed, the cortical tubes are
continuous from node to node.

The internodes expand gradually in diameter as the
node is approached from below but are of normal size
immediately above the node. Nodes bear 6 branchlets.

Remarks—This species is described from about 75
specimens, mostly utricles, from 3 levels of the Lakota
sandstone in Fall River County, S. Dak. The species
is based primarily on the nodose character of the utricle.
Complete gyrogonites have not been available for study,
but all evidence indicates that they would closely re-
semble gyrogonites of Clavator harrisi Peck, if they
were as well calcified. These are the first fairly abun-
dant vegetative parts of the Genus Clavator described
from North America. The vegetative parts are similar
to those described by Harris (1939) for C. reidi Groves
from the Purbeck of England.

Among the many forms of gyrogonites and utricles
referred to Clavator reidi Groves by Harris, there are
several that are strongly nodose (Harris, 1939, p. 34,
text fig. Tg; pl. 7, figs. 2, 7) and appear to be identical
with the utricles described here as Clavator nodosus
Peck, n. sp. Harris considered the utricle on such
specimens as vestigial and confined to the smooth fur-
rows around the base. He interpreted the nodes as
developing on the outer walls of the. enveloping cells
and belonging to the gyrogonite (or oogonium as Harris
designated the spiral forms on which the outer walls of
the enveloping cells were calcified). Exfoliated speci-
mens (pl. 8, fig. 10) prove that the nodes are part of a
true utricle on the North American C. nodosus.
Whether this is also true of the nodose forms of C'. reidé
Groves cannot be determined until that species is re-
studied. Harris referred many kinds of utricles and
gyrogonites to C. reidi Groves, and future workers will
very probably subdivide that species.

Clavator nodosus differs from C. harrisi Peck in the
nodose character of the utricles. A few partly exfoli-
ated and weathered specimens of . harrisi possess
nodes (pl. 2, fig. 12), but the nodes are small and dis-
tributed along the spirals. The well-developed utricles
on C. harrisi are bilateral and consist of alternating
furrows and ridges arranged in a distinctive pattern.
Gyrogonites of C. harrisi are always well developed
with internal and external walls calcified. Gyrogonites
of (. nodosus are thin walled and seldom well preserved.
Vegetative parts of C. harrisi are not well known and
cannot be compared to those of €. nodosus. No other
species of Clavator was found in association with
C. nodosus; so the vegetative parts described and re-
ferred to this species are considered to belong to the
same plants as the nodose utricles.
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Occurrence—USGS paleobotanical locality D432.
Olive-gray mudstones in the lower half of the Lakota
sandstone, Fall River County, S. Dak.

Types—Holotype (a utricle), 558; paratypes, 559—
572; U. S. Geological Survey type algae collection, Den-
ver, Colo.

Clavator bilateralis Peck, n. sp.
Plate 3, figures 13-19

Diagnosis—Utricles strongly sculptured, roughly
quadrangular in cross section, irregularly bilateral,
small, ranging from 500u to 600u in length and 400u to
500u in width, composed of 2 short and 2 long vertical
units. Two lancet-shaped short vertical units expand
rapidly above base and contract into a single narrow
vertical ridge below the summit, consist of broad flat
or slightly concave lateral ridges and a central furrow
of uniform width. Two longer units differ in structure
from shorter units and from each other. One consists
of a long deep furrow extending from the base to past
summit, expanding in width gradually toward summit.
Other long unit extends from base to about midheight
as a narrow ridge, then widens rapidly, becoming con-
¢ave in the center to form a conspicuous round depres-
sion above which the lateral ridges flare. Both long
units extend above summit, and their distal ends are
separated by a deep smooth furrow of uniform width
that crosses from end of one short unit to the other.
Units separated from adjoining units by deep furrows.

Description.—The utricles are roughly quadrangular
in section at midheight, with 2 short lancet-shaped units
forming 1 set of sides and 2 long units the other set.
They taper proximally to an irregularly rounded or to
a narrow, elongated base, the elongation produced by
the ends of the long units; the utricles flare distally,
the long units widening and extending well beyond the
summit. The utricles may be divided into roughly
equal halves by a line bisecting the short units and ex-
tending along the summit furrow dividing the long
units or by another line bisecting the long units.

The lateral lancet-shaped short units originate as
broad protuberances above the basal opening and im-
mediately divide into two lateral ridges with an inter-
vening furrow. The lateral ridges broaden distally,
becoming flattened or slightly concave and then narrow
above midheight, coalescing into a single narrow ridge
that continues distally to become a broad furrow be-
tween the flaring ends of the long units. The central
furrow between the lateral ridges is broad, fairly deep,
and uniform in width. Bordering these short units are
broad curving furrows that end against the narrow
ridge below the summit.

The more prominent of the long units originates as a
narrow ridge above the basal opening and continues

without much change to about midheight, then flares
rapidly as the short units contract, enclosing a circular
depression that resembles an attachment scar. The
other long unit, on the opposite side of the utricle, also
originates as a ridge that immediately divides to form
two long narrow ridges with an intervening furrow
that continues without change to above the summit,
where the lateral ridges flare to a greater or less degree.
The basal opening is approximately 100y in width.

Remarks—In an area of limited geographic extent
along the eastern flank of the Wind River Mountains,
nears Lander, Wyo., there occurs an assemblage of
microfossils unknown elsewhere. This assemblage con-
sists of abundant representatives of Cypridea obesa
Peck, fairly common representatives of Cypridea
quadrata Peck, and relatively rare utricles and gyrogo-
nites. A peculiarity of the charophyte assemblage is
that only 1 type of utricle and 1 type of gyrogonite are
found. The utricles are quite distinet from any others
described in their tendency toward bilaterality and in
the distribution of the vertical units. Sections of the
utricles clearly show the outline of a gyrogonite, but in
no case has a gyrogonite wall been found in sections of
utricles. Occurring with these utricles are gyrogonites
of almost the correct size and shape to fit within the
utricles, but the free gyrogonites possess spiral walls
approximately 50u thick. Neither gyrogonites with
parts of the utricles adhering nor utricles partly ex-
foliated and showing included gyrogonites have been
found. Itisbelieved that the gyrogonites represent the
the Genus Latochara.

Clavator minutus n. sp. is the only species approach-
ing C. bilateralis in size. The utricle of C. minutus is
composed of six units, and the symmetry is radial in-
stead of bilateral.

O ccurrence—Cloverly formation, USGS paleobotan-
ical locality D297, in limestones and associated shales
about 280 feet above top of the Sundance along east
flank of the Wind River Mountains 3—-4 miles west and
northwest of Lander, Fremont County, Wyo. Most
samples at this level between the Middle Fork of the
Popo Agie River and Baldwin Creek contained Clava-
tor bilateralis and Latochara tenuicostata.

Types—Holotype, 462; paratypes, 463-468; U. S.
Géological Survey type algae collection, Denver, Colo.

Clavator minutus Peck, n. sp.
Plate 3, figures 20-24

Diagnosis—Small utricles about 400 long and 300
wide, composed of 6 vertical or almost vertical units.
Three units originate around basal opening as compara-
tively large narrow ridges, broaden distally, becoming
concave in center, reaching greatest width near summit,
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and then narrowing and ending as blunt points sur-
rounding shallow summit depression. Three alternat-
ing units originate around basal opening as broad flat
or slightly concave ridges. These ridges become shal-
lowly concave and broaden rapidly to about midheight,
then contract and end near level of greatest width of
longer units. Ridge units separated by broad and deep
furrows. Attachment scar at center of base, about
100u wide.

Free gyrogonites not known. Sections of utricles
indicate that gyrogonite is very thin walled, of normal
shape for genus, about 3004 long, and 2002504 wide.

Vegetative parts unknown.

Description—The utricles are small but prominently
sculptured. ~Their bases are relatively flat with com-
paratively large basal openings. Originating at the
sides of the base are 6 broad deep furrows, 3 narrow
ridges, and 3 broad ridges. The furrows continue to or
near to the summit. The ridges and furrows ascend
vertically or with a slight sinistral twist.

The 3 broad ridges widen rapidly, becoming concave
in the center, and then narrow, ending in blunt points
just below the level of the shallow summit depression.
The alternating ridges remain narrow and convex to
near to midheight, then broaden gradually and become
concave, reaching their maximum width on a level par-
allel with distal ends of the shorter units. From this
level they narrow to blunt points that extend well above
the summit, creating a summit depression partly sur-
rounded and enclosed by the distal ends of the 3 long
units. A summit opening was not observed.

Free gyrogonites have not been seen, but sections of
the utricles have the central part filled with clear calcite
that continues out through the basal opening. This
calcite center is the correct size and shape for gyrogonite
filling and is so interpreted. Number and attitude of
the spirals is not known.

Remarks—This species is based on a study of 10
utricles from a single locality. They are remarkably
uniform’ in size and sculpture. They differ from
Clavator bilateralis n. sp. in having a 6-rayed instead
of bilateral symmetry. All other described utricles of
Clavator, or related genera, are much larger than repre-
sentatives of €. minutus. Genera of the Clavatoraceae
are differentiated either on the position and arrange-
ment of reproductive organs on the leaves or on struc-
tural peculiarities of the utricle. Reference of this

_species to the Genus Clavator is based on the vertical
attitude of the units composing the utricles.

Occurrence—Shale lens in Lakota sandstone
(Aptian) along north side of Fall River road 8.2 miles
southeast of Hot Springs, S. Dak., USGS paleobotani-
cal locality D286.

T'ypes—Holotype, 358; paratypes, 359-362; U. S.
Geological Survey type algae collection, Denver, Colo.

Genus PERIMNESTE Harris, 1939

Type species—Perimneste horrida Harris, from the
English Purbeck, by monotypy.

Diagnosis—This genus is described by T. M. Harris
(1939) as follows:

Stem corticated by six rows of cells, all bearing spines. Node
bearing eighteen leaves [branchlets] in three whorls of six;
one whorl of upward-pointing leaves on the same radius as the
cortical cells, and two whorls of short leaves on the alternate
radii, one pointing upward and one downward. Leaves un-
corticated, bearing a few simple spine-like leaflets in small
whorls.

Reproductive organs borne near the bases of the short upward-
pointing leaves, each consisting of an oogonium surrounded at
maturity with leaf segments bearing antheridia. Outer surface
of oogonium (as well as inner parts of spiral cells) calcified.
Antheridial wall calcified.

In 1941 Peck described small calcareous fossils from
the Rocky Mountains Lower Cretaceous nonmarine beds
that he identified as antheridia of the Genus Perémneste.
The identifications were based largely on the illustra-
tions of the antheridial walls and imprints of the an-
theridial walls as published by Harris (1939, pl. 14,
figs., 2-4). Midler (1952, p. 8; 1953b, p. 480) stated
that Harris misinterpreted the Purbeck fossils referred
to Perimmeste and that the antheridial walls were not
calcified. He interprets the structures figured by Harris
as imprints of the antheridia which were so densely
arranged around the utricle as to sink into and leave
impressions on the outer utricle wall. Midler believes
that the American species Perimneste corrugata Peck
should be classified as utricles and that it is closely
related to the Genus Afopochara Peck.

Harris (1939, p. 54, 63) clearly stated that the an-
theridial wall of Permineste was calcified. His figures
3 and 4 of plate 14 appear to be of convex ridged objects
and are labeled “portions of antheridial wall.” These
illustrations are strikingly similar to selected views of
Perimneste corrugata Peck. Miédler (1952, p. 8) does
not claim to have examined the type material from the
English Purbeck, but evidently he did study representa-
tives of the genus from Germany.

In consideration of our lack of detailed knowledge of
the type material and the strong resemblance of the
North American forms to the illustrations published by
Harris, it is logical to retain the generic reference until
more information is available.

Miidler (1952, p. 8) suggested that Perimneste cor-
rugata Peck consisted of utricles and that they probably
were closely related to the Genus Afopochara Peck.
Restudy of over 100 specimens of P. corrugata, includ-
ing many thin sections, has failed to demonstrate the
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presence of a gyrogonite. This in itself is negative
evidence, because Harris (1939) found that many
urticles did not contain oogonia or gyrogonites, pre-
sumably through failure to calcify. It is quite possible
that Méadler’s interpretation of the structure is correct
and that future work will disclose specimens preserved
in such a way that demonstrations may be made of the
relations of these fossils.

To date, the only species referred to this genus are
Perimneste horrida Harris from the Purbeckian of
England and Perimneste corrugata Peck from the
Aptian of the United States.

Perimneste corrugata Peck
Plate 3, figures 1-9

Perimneste corrugate Peck, 1941, Jour. Paleontology, v. 15, p.
295, pl. 42, figs. 15-24.

Diagnosis—The following diagnosis is taken from an
earlier publication (Peck, 1941).

Small globular bodies about 0.7 mm. in diameter, divided into
approximately equal upper and lower hemispheres. Normally
four openings penetrate the fairly thick corrugated wall, one at
each pole and one at each end of an equatorial axis. One of

" the openings on the equatorial axis inconspicuous, absent on
some specimens; the other well developed and, on many speci-
mens, occurring at the terminus of a strong projection.

Originating around the polar openings are 11 (on some speci-
mens 10, on others 12) furrows that broaden distally, proceed-
ing in a straight line or with a dextral or sinistral curve. Fur-
rows from opposite poles interfinger near the equator or meet
along a sinuous ridge or against a horizontal furrow; those
furrows in the lateral hemisphere containing the produced
equatorial opening all curving strongly and terminating at or
near this opening. Connecting the equatorial openings along
one side is a horizontal furrow, flanked near its terminus at the
produced opening by two short horizontal furrows. No hori-
zontal furrow present on opposite side, the furrows from opposite
poles meeting along a sinuous ridge or interfingering.

Description—The following description is taken
from an earlier publication (Peck, 1941).

The specimens are divisible into approximately equal quad-
rants by an equatorial plane bisecting the equatorial openings
and a vertical plane bisecting all four openings. For the pur-
pose of orientation the two similar openings are placed as polar
in position, the strongly projecting opening away from the ob-
server and the horizontal furrows on the observer’s left. All
illustrations are prepared with this orientation.

There is sufficient irregularity on the surface features among
the 150 or more specimens studied for this description that it is
difficult to phrase a description that will include all possibilities.
On the whole, however, the main characters are consistent.
These characters are:

1. The division of the specimen into approximately equal
halves. These halves are never mirror images, but on some
specimens they approach that stage. The furrows from opposed
poles meet along a crenulate line, interfinger, or end half way
between the polar opening and the equator and are superseded
by other furrows trending in a horizontal direction.

2. On most specimens 11 furrows originate at the polar open-
ings. Some specimens have only 10 furrows and a few have 12.

3. One opening on the equatorial axis is always strongly
developed, and the furrows in that lateral hemisphere curve
strongly toward it. The opposite opening is always incon-
spicuous, and on a few specimens I have not been able to find it.
‘When this inconspicuous opening is present and easily recog-
nized the furrows that approach it are usually curved toward it.
However, the opening is present on many forms, on which the
furrows do not curve.

Remarks—These fossils consist of a thin ovoid body
of dark-brown calcite enclosing a cavity that is filled
with light-colored coarsely crystalline calcite, and en-
closed by a light-colored layer that ranges considerably
in thickness. In one section the arrangement of dark-
brown spots in the thin inner layer somewhat resembles
sections of gyrogonites, and this layer possibly repre-
sents a delicate gyrogonite that to date has not been
isolated.

Midler (1952, p. 8) stated that in Perémneste Harris
only the impressions of the antheridial walls are pre-
served and that Harris (1939) was incorrect in stating
that the antheridia were calcified. Midler believes
that the forms described as P. corrugata are utricles,
probably closely related to Afopochara Peck, and can-
not belong to the Genus Peréimneste. They do, how-
ever, closely resemble the forms described and illus-
trated by Harris (1939, pl. 14, figs. 3, 4) ; and until we
have more information concerning both the type ma-
terial of the Genus Perimneste and structure of P. cor-
rugata, it is only logical to retain them under that genus.

Occurrence—P. corrugata has been found in abun-
dance only in shales associated with the Peterson lime-
stone, locality D287, of the Gannett group (Aptian) in
Freedom quadrangle, Idaho-Wyoming. The collec-
tions studied also contain specimens from several locali-
ties in the Trinity of Texas, and the species is known
to occur in the Lower Cretaceous formations of the gulf
coast.

Types—Holotype, 31018-3; paratypes, 31018-4;
University of Missouri. Figured specimens other than
types, nos. 379-382, U. S. Geological Survey type algae
collection, Denver, Colo.

Genus ATOPOCHARA Peck, 1938

Type species—Atopochara trivolvis Peck, by mono-
typy and original designation.

Diagnosis—Clavatoraceae with utricles possessing
3-rayed symmetry. Each ray consists of short vertical
units originating at or near basal opening and ascending
to or near to equatorial plane; one to several small units
grouped on or near equatorial plane ; several sinistrally
spiraled units extend from equator to or near to sum-
mit opening.
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Remarks—The construction of the utricle indicates
that a few vertical cells were sufficient to cover the
gyrogonite near the base. As the diameter of the gyro-
gonite increased, the original cells divided, increasing in
number in proportion to the increased space to be cov-
ered ; and, as the circumference decreased toward the
summit, cells pinched out in that direction until only
a few actually reached the summit opening.

Atopochara was defined by Peck in 1938 to include
about 25 specimens collected from wells in Texas and
Oklahoma. At that time the Clavatoraceae were not
well known, and the utricles were interpreted as gyro-
gonites (oogonia) of primitive charophytes in which
the 5-spiraled arrangement of the enveloping cells had
not become well established. A dditional material from
the nonmarine Aptian of the Rocky Mountains area
disclosed the true nature and relation of the utricle and
gyrogonite, and the genus was redefined by Peck in
1941. The genus has been known by the single species
Atopochara trivolvis, and the discovery of a new species
from the Tropic shale of southern Utah has necessi-
tated another revision of the generic diagnosis to ex-
clude those features peculiar to 4. ¢rivolvis.

The known range of the genus is from the Aptian to
the Cenomanian-Turonian.

Atopochara trivolvis Peck
Plate 2, figures 1-5

Atopochara trivolvis Peck, 1938, Jour. Paleontology, v. 12, p.
174, pl. 28, figs. 1-12.
Peck, 1941, Jour. Paleontology, v. 15, p. 290, pl. 42, figs.
1-6.
Rasky, 1945, Magyar Nemzeti Mus. Naturwiss.,, Mon. 2, p.
53, pl. 2, figs. 16-18; pl. 3, figs. 21-23.

Diagnosis—Globose utricles of medium size, ranging
from about 0.6 to 1.8 millimeters in length and breadth
and composed of 36 units divided into 3 distinct rays.
Each ray consists of 3 vertical furrows originating at
or near basal opening, 5 somewhat diamond-shaped pits
near equatorial plane, and 4 sinistrally spiraled fur-
rows on the upper part. Gyrogonite spherical, strongly
beaked, with 13-14 spiral ridges in lateral view.

Description—The following description is taken
from an earlier publication (Peck, 1941).

Each of the three units originates at the basal opening as
two comparatively broad vertical furrows between which, al-
most immediately, a third furrow is introduced. The right hand
furrow of each unit is short but rapidly expanding, ascending
vertically for about one-fourth the total height of the specimen
and terminating between two fairly large diamond-shaped pits.
Located between the upper sides of the pits is a third some-
what smaller four-sided pit, and situated on the upper left sides
of the lower left pit and the upper central pit is a large pentag-
onal pit. Originating on the upper left side of the large
pentagonal pit is an elongate furrow ascending sinistrally at
an angle of about 40 degrees from the vertical, recurving near
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‘its terminus to form one side of a small but conspicuous summit
opening.

The central vertical furrow ascends to approximately the
equatorial plane of the specimen, contracting slightly in width
distally and terminating partly against the large pentagonal pit
and partly against a low ridge that makes an angle of about 12
degrees with the equatorial plane. Arising on the upper side
of the low ridge is a second sinistrally ascending furrow that
fails to reach the summit by pinching out between two adjoin-
ing furrows.

Located between the distal thirds of the central and left-hand
furrows is another large pit, and arising on the upper left side
of this pit is a third sinistrally asecending furrow that recurves
slightly and terminates against the right-hand sinistrally
spiralled furrow of the next unit on the left.

The left-hand vertical furrow ascends almost to the equa-
torial plane of the specimen. It narrows slightly in the upper
third between the right-hand pit of the next unit on the left
and the large pit on the right, and terminates against a low
ridge that makes an angle of approximately 12 degrees with
the equatorial plane. Arising on the upper side of the low
ridge is the fourth sinistrally spiralled furrow. This furrow
also does not reach the summit, but terminates against the
right-hand furrow of the next unit on the left.

Gyrogonites are globular, almost smooth, strongly
beaked at apical end, thin walled, with approximately
18-14 narrow cellular ridges visible in a lateral view.
The spirals are about 50p in width at the equator,
nearly horizontal with respect to the polar axis, and
turn abruptly upward at the summit to enclose a very
small apical opening. Attitude of the spirals round
the basal opening not observed.

Vegetative parts of the plant unknown.

Remarks.—The gyrogonites of Atopochara trivoluis
are thin walled and very fragile. Apparently they do
not occur free of the closely adhering utricle. On a
few specimens the gyrogonites can be differentiated
from the utricle in thin section, but in most cases it is
impossible to recognize a separating line. Some speci-
mens have parts of the outer wall (utricle and gyrogo-
nite) broken away, and faint spiral markings, repre-
senting the impressions of the inner sides of the spirals,
can be identified on the internal molds. One such speci-
men was illustrated by Peck (1941, pl. 42, fig. 5), and
another is figured in this paper (pl. 2, fig. 5). On a
single broken specimen among the hundreds studied,
the gyrogonite was recognized and differentiated from
the utricle by a change in color. This specimen was
mounted, and the utricle broken away by use of a sharp
needle. This gave an opportunity to study and record
observations on the gyrogonite, but the specimen is too
poorly preserved for satisfactory illustration. The
number of spirals and their width and attitude, were
determined from the internal molds; the thickness of
the gyrogonite walls and their attitude at the summit
were determined on the single gyrogonite that was
isolated.
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Midler (1952, p. 8) stated that the gyrogonites de-
scribed by Peck as Aclistochara mundula (Peck, 1941,
p. 291) could not belong to that genus and that the
summit characters seemed to relate the species to the
Clavatoraceae. He further observed that the gyrogo-
nites referred to Aclistochara mundula and the utricles
of Aiopochara trivolvis occurred in the same formations
and suggested that they might represent different parts
of the same species. Horn af Rantzien (1954a, p. 81)
agreed with Médler’s assumption and used the resem-
blance of Aclistochara mundula to the type species of
his new genus, Stellatochara, as evidence that Stella-
tochara should be referred to the Clavatoraceae. In
brief, if Aclistochara mundula Peck was a gyrogonite
of Atopochara trivolvis, then A. mundula would repre-
sent the Clavatoraceae. Then, as A. mundula has the
summit characters of Stellatochara, that genus should
belong to the Clavatoraceae. The description of the
gyrogonite of A. trivolvis given above refutes Midler’s
assumption. As further evidence it may be noted that
the gyrogonites of Aclistochara mundula are very abun-
dant in the Albian part of the Bear River formation
and Atopochara trivolvis occurs only in formations of
Aptian age.

The utricles of Afopochara trivolvis are remarkably
consistent in structure; the only important differences
are in size. The species is easily identified and widely
distributed. It is an excellent guide fossil.

Occurrence—Widely distributed in Lower Creta-
ceous Aptian nonmarine deposits of gulf coast and
Rocky Mountains regions. Also recorded from the Ap-
tian of Hungary by Rasky (1945), from Aptian of
Syria by Bellen (1948),and from the Aptian of Algeria
by Bir and Magné (1955).

Types—Holotype, 31014-2; paratypes, 81014-3;
University of Missouri. Figured specimens other than
types, 401403, 472, 514, U. S. Geological Survey algae
collection, Denver, Colo.

Atopochara multivolvis Peck, n. sp.
Plate 2, figures 6-8

Diagnosis—Globular utricles about 1 millimeter
high and wide and composed of approximately 30 sin-
istrally spiraled or vertical units divided into 3 some-
what indistinet rays of 10 units each.

Description—Each ray consists of one long sinis-
trally spiraled furrow originating at the base and
pinching out just below the summit; this furrow is di-
vided by a horizontal ridge near midheight on about
half the units; to the left of this long furrow near the
base is a short almost vertical furrow that ends abruptly
against a horizontal ridge just below the equator, and
arising above this ridge is another furrow that ascends

sinistrally and pinches out just above midheight. Lo-
cated to the upper left of this short vertical furrow is an
oval pit that grades out below midheight, but on its
upper end there arises a long sinistrally spiraled fur-
row that almost reaches the summit ; on the left of these
furrows another furrow originates near the basal open-
ing and ascends to near midheight, where it ends ab-
ruptly in a horiztonal ridge. Above this ridge are
three long furrows: the one on the right reaches the
summit, the center one pinches out just short of the
summit, and the one on the left pinches out just above
midheight. On the left of this furrow there is intro-
duced just below midheight another furrow, which
reaches the summit opening.

Viewed from the base there are 6 furrows (2 in each
ray) that originate at the basal opening, 3 furrows (1 in
each ray) that originate partly at the basal opening
and partly against the next furrow on the right, and
3 oval pits (1 in each ray) that are located well above
the basal opening.

Eighteen furrows (8 units of 6 each) can be seen from
a summit view. Six of these furrows (2 in each unit)
reach the summit opening; 6 others, alternating with
the long furrows, pinch out near the summit opening;
and the third group of 6 pinch out about half way
between the equator and the summit.

Gyrogonites and vegetative parts not known.

Remarks—The utricles of A. multivolvis are con-
sistent in that 18 definitely arranged furrows can be
seen from the summit view and in that 6 furrows origi-
nate at the basal opening. There is, however, some
difference in the development of the units near the equa-
torial plane.

A. multivolwis may be readily distinguished from 4.
trivolwis, the only other known species, by the lack of
diamond-shaped pits on the equator and by having 18
furrows, instead of 12, on the upper half of the speci-
mens. The description is based on 10 specimens.

Occurrence—USGS Mesozoic locality 23921, paleo-
botanical locality D288. Chocolate-colored limestone,
120 feet above the base of the Tropic shale (Cenoma-
nian-Turonian) of Gregory and Moore. SW14SE1}
sec. 13, T. 87 S., R. 3 W., 1 mile north of Cannonville,
Garfield County, Utah. Collected by J. B. Reeside,
Jr., J. J. Carroll, and S. de A. Ramos, August 1952,

Types.—Holotype, 383; paratypes, 384-385; U. S.
Geological Survey type algae collection, Denver, Colo.

Genus ECHINOCHARA Peck, n. gen.

Type species—Echinochara spinosa Peck, n. sp.,
from the Morrison formation.

Diagnosis—Clavatoraceae with six cortical tubes
budding from each end of the nodal cells and extending
as tapering dextral coils around the central tube, inter-
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fingering with the cortical tubes from adjoining nodes.
Individual cortical cells short, of uniform length and,
at their distal ends giving rise to long spines that ex-
tend over and almost completely cover the next cortical
cell.

Branchlets massive, stubby, bearing oogonia in
whorls of six, the oogonia enclosed in thick utricles.
Utricle cells originate below base of oogonia as short
stubby units that repeatedly branch and resemble spines
on cortical cells. QOogonia normal for family.

The name is derived from echinos (spiny) and chara
(joy). It refers to the exceptional development of
cortical spines.

Relations—The Genus Olavator Reid and Groves has
12 cortical tubes that are continuous from node to node,
the oogonia are borne in rows on the concave (upper)
sides of the branchlets, and the spine cells are small
and occur as rosettes (Harris, 1939).

The Genus Peréimneste has only 6 rows of cortical
cells, with nodes bearing 18 branchlets in 8 whorls of
6, and the reproductive organs are borne near the bases
of the short upward pointing branchlets (Harris,
1939).

Vegetative parts of Atopochara are unknown. The
utricles of Atopochara are quite different from those
of E'chinochara. Vegetative parts and utricles are un-
known for Stellatochara Horn af Rantzien and Olava-
torites Horn af Rantzien.

Clavator pecki Midler, from the Kimmeridgian of
northwest Germany, has the oogonia arranged in whorls
of six around the fertile nodes, and the strong dextral
spiral of the cortical tubes resembles Z'chinochara more
closely than Clavator. Midler describes C. pecki as
having 6 inner cortical tubes and 24 outer cortical tubes.
This arrangement differs from that of E'chinochara,
but the preservation of Médler’s material was probably
of such a nature that the true relations of the inner and
the outer tubes could not be worked out. C. pecki
probably should be referred to the Genus £chinochara.

The Genus E'chinochara is known only from the Mor-
rison (Kimmeridgian) formation of Colorado, eastern
Wyoming, and western South Dakota and the Kim-
meridgian of northwest Germany (Clavator peck:
Midler).

Echinochara spinosa Peck, n. sp.
Plate 1, figures 1-22; plate 2, figures 21-25

Chaera limestone, Johnson, 1954, Colo. School of Mines Quart.,
v. 49, pl. 47.

Diagnosis—Heavily calcified species with dextrally
spiraled cortical tubes composed of short cells that pro-
duce 5 long spines at their distal ends: 2 spines on con-
cave lateral slopes next to central tube extend prox-
imally, and 3 on convex upper side extend distally.

Spines approximately 0.7-0.8 millimeter long; outer
ones extend in same direction as cortical tube and
completely cover exterior of next distal cortical cell.
Middle spine of upper 3 undivided or divided into 3
short spines.

Internodes long; longest measured 6.5 millimeters
without nodes at either end.

Nodes short, swollen, bearing 6 branchlets and with
no evidence of branches or with single branch. Lower
ends of nodes readily recognized by spine cells pointing
upward over and above node, and pointing down im-
mediately below.

Gyrogonites (oogonia) subcylindrical to long oval.
about 650u long ; the vertical extension of the envelop-
ing cells at the summit accounts for about one-fifth the
length. Spiral cells smooth to slightly convex, lateral
contacts undulating, 14-15 spiral ridges in lateral view.
Utricles thick, composed of 2 or 3 layers of cells that
repeatedly branch upward and resemble spine cells of
cortex. Utricles preserved as calcite are of differing
shapes, marked near base with prominent attachment
scar, thinner on the interior side.

Description—These heavily calcified plants must
have lived in great profusion in the fresh-water ponds
and lakes of the Rocky Mountains area during the Kim-
meridgian. At every occurrence known, the fragmen-
tal parts of the plant compose beds of limestone up to
18 inches in thickness. The calcite encrustation is so
thick that it is difficult to diagnose the structure of the
plant except by thin sections. In a few localities the
plant mineralization has been completely replaced by
fine-grained quartz, and etching of this material reveals
a beautiful and faithful reproduction of the plant struc-
ture. A large part of the diagnosis and description is
based on the silicified material.

Internodes—The major part of the thousands of
specimens available for study consist of broken pieces
of internodes. A small proportion of these fragments
consists of nodes and parts of internodes, but I have
been unable to find a complete internode with nodal cells
at each end. The longest internode measured is 6.5
millimeters long but does not possess a node at either
end. The internodes range from 0.3-2 millimeters in
diameter.

Unetched internodes are round, fairly smooth, uni-
form in diameter throughout, and possess only a slight
manifestation of the strong dextral spiral of the cortex.
Weathering or etching reduces the fine-grained matrix
material lodged between the cells, and with successive
degrees of weathering, the dextral arrangement of the
cortex becomes more and more conspicuous. Inter-
nodes weathered into relief on blocks of limestone
greatly resemble a length of worn rope. Etched silici-
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fied specimens show clearly the distribution of the cor-
tical cells and their well-developed spine cover. If the
spines are well preserved, the surface of the internode
is relatively smooth; but when the tips of numerous
spines are broken off, spiral ridges represent the bases
of the spines, and intervening furrows mark the former
location of the spine tips. A relatively conspicuous
feature of the etched internodes is that the outer spines
on ascending cortical cells point upward parallel to the
cortex and in the direction of the next node, and the
spines on descending cortical cells point downward. In
the center of the internode, the descending and ascend-
ing cortical tubes can be readily distinguished by the
direction of the spines.

Central tubes—The central tube, representing the
internodal cell, is approximately one-third the total
diameter of the internode, of uniform width, and con-
tinuous from one node to the next. Diaphragms termi-
nating the central tube at each end have not been
observed.

Cortical tubes—Twelve dextrally spiraled tubes con-
stitute the cortex. Six of the tubes ascend from the
lower node, and six descend from the upper node; the
tubes taper in size and interfinger throughout most of
the length of the internode.

Each tube is composed of individual cells about 0.7
millimeter long arranged in a linear series. At the dis-
tal end of each cortical cell, 5 long spines develop. The
3 outer spines extend in the direction of the growth of
the cell, effectively enclosing and protecting the next
distal cortical cell. The central spine on the upper
side remains simple and resembles the lateral spines or
divides into 3 smaller spines. When unbroken the
spines completely cover and hide the cortical tubes.
Cortical tubes broken away from the central tube and
isolated show a strong constriction just distal to the
spine bases. The tube separates easily at this constric-
tion, and the exposed ends are closed off with transverse
septa, definitely indicating the termination of the in-
dividual cells.

Nodes—The nodes are readily recognized as swollen
areas of greater diameter than the internodes. On
etched silicified specimens the nodes can be de-
termined by the vertical spine cells over them. Below
the nodes the spine cells descend; and above, they as-
cend, dextrally spiraled at each place. The central
nodal cell is represented in section as clear calcite (on
calcified material) with much greater diameter than
the central tube. I have been unable to observe any
transverse septa separating the nodal cell from the cen-
tral tube of the internode and assume it was not min-
eralized and therefore not preserved. On many of
the nodes there are no scars that would indicate at-
tachment of branches or branchlets; on a few specimens
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a single attachment scar is evident, and on a small num-
ber of specimens the basal part of the branchlet is still
attached. I have not found it possible to identify an-
theridian nodes or to differentiate them from oogonial
nodes from which the utricles and oogonia are lost.
Branchlets—The structure of the branchlets is
exactly the same as that of the nodes and internodes of
the stem with two exceptions. These exceptions are
(1) the proximal part of the branchlet, between the node
of the stem and thefirst node of the branchlet, has de-

scending cortical cel
from the union of
stem, and (2) atirre
oogonia in whorls
some specimens the
oogonia are very she

of six bud off the nodal cells.

Is only—cortical cells do not ascend
the branchlet and the node of the
gular intervals along the branchlets
On
internodes between the whorls of
rt, one whorl almost resting on the

top of the previous one; on others the internodes are well

over 2 millimeters
mternodes resemble
nodes ; those with sh

long. Branchlets with fairly long

stems with large swellings at the
ort internodes are thick and stubby.

The longest branchlet observed has short internodes

with seven circles of
top of the other. I

oogonia superposed one directly on
t is 9 millimeters in total length and

1.4 millimeters in width. The distal end of a branch-

let was not observed.

Utricles—The utricles are thicker and more massive
than on any other described species of the Clava-

toraceae.
forms which may

The different states of preservation present

be grouped in the following cate-

gories.
1. Utricles that %e silicified and then etched have 6

cylindrical cells ab

ut 100u in diameter branching off

the node cell at the hase of the cogonium. These ascend

undivided along th

e sides of the oogonium to slightly

above midheight and then divide into 3 smaller spine-
like cylinders that close in and interlock about the sum-

mit of the oogonium.

This series of cells does not cover

the surface of the lower part of the oogonium.
Budding off the node cell just below the inner series

are 6 larger cells, ab
an outer layer of g
interior, exterior,
with the other cells
to give a fairly so

out 150u in diameter, that ascend in
pines, repeatedly branching to the
and lateral sides. They interlock
of the same and adjoining utricles
lid covering to the oogonium that

ranges up to 200 in thickness.
2. Utricles preserved in calcite and relatively un-

weathered are elongate, roughly cylindrical in section,
irregular in shape and sculpture, and invariably with a
large attachment scar at the base or shared by the base
and lower side. In general, the utricle appears to be
thinner on the attachment scar side, and in many speci-
mens the rough oval outline of the oogonium may be
made out above the attachment scar. I have been un-

“able to trace the cellular development on these utricles
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with any degree of satisfaction, but cross sections of
fertile nodes show the oogonia and spine cells as clear
calcite (pl. 1, fig. 8).

3. Weathered utricles display an enormous number
of shapes and sizes. In weathered material the outer
parts of the utricle cells have been lost, and the utricle
appears thinner and less complicated than on silicified
specimens. They are, in general, elongate oval with
vertical or near vertical ridges and furrows. Many are
broken open, and the impressions of the spiral cells may
be seen on the concave inner walls.

Gyrogonites (oogonia).—Free gyrogonites are not
preserved in the calcareous material. In a few cases
the internal filling of the gyrogonite is preserved, and
spiral markings on the interiors of broken utricles are
common. Thin sections of well-preserved utricles indi-
cate that the gyrogonite walls are very thin or absent.
Calcification of the outer and inner walls of the oogon-
ium, as illustrated by Olavator reidi Groves and Clava-
tor harrisi Peck, has not been noted.

In the silicified and etched material, the spiral bodies
within the utricles are translucent and are interpreted
as internal fillings of the oogonium. These spiral fill-
ings are elongate oval to subcylindrical, 5004600y long
to the base of the neck and on well-preserved specimens
with a cylindrical neck about 150x long. The neck is
formed by the abruptly upturned tips of the 5 spiral
cells. The silicified interiors of the gyrogonites are
comparatively smooth with 14 or 15 spiral ridges visible
in a lateral view, the lateral contacts of the ridges an
undulating line.

Remarks—E chinochara spinosa is closely related to
COlavator pecki Médler from the Kimmeridgian of
Germany and may be the same species. Through the
courtesy of Médler I have had the opportunity of study-
ing a limited number of specimens of €. pecki and can
find no outstanding differences. The fertile nodes, as
described by Midler, have six oogonia arranged in a
circle. The utricles closely resemble the weathered
utricles of Z. spinosa. The internodes also resemble
weathered internodes of £. spinosa from the Morrison.

Midler describes C. pecki as having only 6 cortical
tubes that presumably are continuous from node to
node, with an outer cortical series of 24 small tubes.
Selected sections of internodes of Z. spinosa could be
interpreted in the same way, but most sections of the
internode show more than 6 large tubes. The gyro-
gonites of C. pecki are elongate oval and slightly larger
than those of Z. spinosa. The two species are closely
related but cannot be combined without additional study
and comparison. No other described species or genus
of the Clavatoraceae is closely related.

Occurrence—Widely distributed as ledges of lime-
stone in the Morrison formation in central Colorado,
eastern Wyoming, and western South Dakota. Also
identified from the Ralston formation of LeRoy, 1946,
in central Colorado. Collections were studied from—

Morrison formation, USGS paleobotanical locality D282, in
South Canyon Creek, 5 miles airline west of Glenwood Springs,
Garfield County, Colo.; Glenwood Springs quadrangle, sec. 2,
T. 65 S, R. 90 W., 140 feet above the base of the Morrison
formation in 25 feet of interbedded limestone and greenish gray
shale. Collector: N. W. Bass. Material at this locality is
silicified.

Morrison formation, USGS paleobotanical locality D285. Flat
Top uplift north of Medicine Bow, Carbon County, Wyo. Col-
lector : David Love.

Morrison formation, Perry Park, Colo. Collector: J. Harlan
Johnson.

Morrison formation, USGS paleobotanical locality D284, on
north side of Owl Canyon Road and just east of the North Fork
of the Poudre River in NW14 sec. 5, T. 9 N, R. 69 W., 13.5 miles
north of Fort Collins, Larimer County, Colo. Sample in and
near limestone ledge holding up small hogback 25 feet above
base of formation.

Near base of the Morrison formation, USGS paleobotanical
locality D283, on west side of north-trending road in the west
half of sec. 12, T. 7 S, R. 2 E., 1034 miles airline north of
Edgemont, Edgemeont folio, Fall River County, S. Dak.

Ralston formation of LeRoy, 1946, USGS paleobotanical lo-
cality D429, in SW14.SEY sec. 27, T. 6 S., R. 69 W,, Kassler
quadrangle, Jefferson County, Colo. Collector: G. R. Scott.
Material at this locality is silicified and in chert.

Types—Holotype, 328 ; paratypes and figured speci-
mens, 329-338, 415, 447; U. S. Geological Survey type
algae collection, Denver, Colo.

Family CHARACEAE
Subfamily ACLISTOCHAREAE Middler, 1952
Genus ACLISTOCHARA Peck, 1937, emend.

Type species—Aclistochara bransoni Peck, from the
Morrison formation (Kimmeridgian), by original des-
ignation.

Diagnosis—Gyrogonites with five sinistrally spiraled
units that ascend to a truncate summit, bend onto
summit to form its outer rim, then bend down into a
central depression for a short distance, finally twrn
sharply into center of summit depression, and expand
to fill the space; horizontal part thin and transparent
to swollen and bulbous. Abrupt downward turning
and thinning produces a circular furrow around ex-
panded ends of spirals.

Remarks—The Genus Aclistochara was proposed
(Peck, 1937, p. 86) to include gyrogonites with con-
spicuous summit truncations and on which the spirals
end just inside the truncation to give an open summit.
At that time I thought I could detect impressions of
coronula cells on the summit of the holotype of 4.
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bransoni, the type species, and visualized the structure
of the gyrogonites as 5 spiral units rising to and form-
ing the rim of the truncated summit which was roofed
over by 5 coronula cells.

Since the original description in 1937, the Genus
Adlistochara has been considered by many authors.
Harris (1939, p. 77) briefly discussed Aclistochara in
connection with his monograph of the Clavatoraceae,
and in his analysis of the gyrogonites of the modern
Chara vulgaris, he found that many possessed an open-
ing as regular as that of Aclistochara. He concluded,
(p. 78) “This then would also appear to be a feature
which is not fully reliable, but yet of a certain value.”

I emended the generic description of A clistochara in
1941 (p. 290). In the years between 1937 and 1941, I
had the opportunity of studying large collections of
gyrogonites from the Mesozoic and early Cenozoic and
concluded that the gyrogonites of the Genus A4clisto-
chara were composed of 5 sinistrally spiraled units
with 5 calcified coronula cells resting on their distal
extremities or, in the absence of coronula cells, indenta-
tions showing their former presence.

In connection with their studies on gyrogonites of
Tate Cretaceous and early Cenozoic age in South and
North America, Reker and I (Peck and Reker, 1947,
1948) again studied the Genus Aclistochara and stated
(1947, p. 5) that “We are unable to prove that the five
collar-like nodes on the summits of the oogonia [gy-
rogonites] are separate from the calcareous spirals as
true coronula cells should be. We are also unable to
prove that the five nodes are simply terminal expansions
of the regular spirals.” We concluded, however, that
regardless of the structural interpretation of the sum-
mit area, the combination of characters of the trun-
cate summit, the narrowing and flattening of the
spirals at or just inside the periphery of the summit,
and the presence of summit nodes formed a group of
gyrogonites that were readily distinguishable and mer-
ited generic rank.

Midler (1952, pp. 6, 7, 13) considered the Genus
Aclistochara in detail and concluded that the rosette
occupying the center of the summit represented ex-
panded terminal ends of the spiral cells, not coronula
cells. He also stressed the circular furrow on the sum-
mit as a zone of weakness and suggested that this zone
was of biological significance in that the embryo could
force out the entire summit instead of bending the ends
of the spiral cells upward and outward as in noncalci-
fied living Characeae. Midler discussed the various-
sized summit openings on representatives of Aclisto-
chara and suggested that the genus might be sub-
divided.

In all of the work and discussion of the Genus A¢lis-
tochara, this is the first paper to include a restudy of
the type species, 4. bramsoni. Fortunately, a large
number of well-preserved specimens are available, and
a much more detailed analysis of the generic charac-
ters is possible.

The summits of well-preserved gyrogonites of A.
bransoni are depressed below the periphery. Occu-
pying the depression is a rosette composed by five bud-
like structures of calcite. This structure completely
closed the summit opening and did not leave any obvi-
ous passage to the interior. The rosette is set off from
the periphery of the summit by a circular furrow that
is partly filled with foreign matter on most speci-
mens. It is difficult to determine if the rosette is sep-
arated from the spirals by a vertical suture or if it con-
sists of the greatly expanded ends of the spirals. By
selected specimens it seems possible to successfully dem-
onstrate and defend either conclusion. Careful study
of many specimens, including thin sections and slow
digestion of the summit area with weak acid, has con-
vinced me that the rosette is the result of the terminal
expansion of the spiral cells and that coronula cells are
not present. As this is the type species, it must follow
that representatives of the Genus Aclistochara do not
possess calcified coronula cells.

Midler was so impressed with the possible biological
significance of the zone of weakness surrounding the
rosette and the part it might play in releasing the em-
bryo that he erected the subfamily Aclistochareae
(1952, p. 15) for the Genus Aclistochara. Grambast,
Louis, and Nicole (1954) have defined three new genera,
Brachychara (Brevichara Horn, 1956), Tectochard,
and Raskyella, from the Tertiary that were referred to
this subfamily. These new genera include many Ter-
tiary species formerly placed in Aclistochara. In a
later paper Grambast (1956b) concluded that most of
the Tertiary genera referred to the Aclistochareae
should be grouped with the Chareae.

In 1954 Horn af Rantzien described a new genus of
gyrogonites, Stellatochara, from the Triassic of Swe-
den. Basing his conclusions on the short terminal neck
of this species and the erroneous assumption that rep-
resentatives of Stellatochara mundula (Peck) were
really unrecognized gyrogonites of A. ¢rivolvis, he re-
ferred his new genus to the Clavatoraceae. The Genus
Stellatochara is distinguished from A clistochara by the
possession of a short cylindrical or conical neck opening
into the main body of the gyrogonite. In all other re-
spects it is, as interpreted here, closely related to Aclis-
tochara and is included in Aclistochareae. Detailed
comparisons are made in the discussion of the Genus
Stellatocharae in this paper.
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Aclistochara bransoni Peck
Plate 4, figures 1-14

Aclistochara bransoni Peck, 1937, Jour. Paleontology, v. 11, p.
87, pl. 14, figs. 8-11.

Aclistochara lata Peck, 1937, Jour, Paleontology, v. 11, p. 88,
pl. 14, figs. 20-23.

Aclistochara oligospirate Peck, 1937, Jour. Paleontology, v. 11,
p. 89, pl. 14, figs. 5-T.

Aclistochara elongata Peck, 1937, Jour. Paleontology, v. 11,
p. 89, pl. 14, figs. 24-25.

Diagnosis.—Small spheroidal to subovoid gyrogo-
nites with rounded bases and deeply truncate summits,
greatest diameter at or below midheight. Summit de-
pression comparatively large, about one-third the di-
ameter of the specimen or less, circular to slightly pen-
tagonal in shape, closed on well-preserved specimens by
the lateral joining of five budlike expanded termina-
tions of the spirals; closure thin, less than half the
thickness of gyrogonite walls, and on many specimens
transparent to translucent. Spiral ridges commonly
intercellular, sharp and narrow or broad and flattened
on top, with interspiral sutures readily visible; ridges
cellular, broad, and gently convex on some specimens.
Equatorial angle fairly high, 13° or more on most speci-
mens. Seven spiral ridges normal in a side view; the
range for the species from 5 to 8.

Measurements of 200 specimens: Length, maximum
500p, minimum 280u, mean 400p ; width, maximum 400,
minimum 250u, mean 360u; 4 specimens with 5 ridges
in side view, 56 specimens with 6 ridges, 99 specimens
with 7 ridges, 41 specimens with 8 ridges.

Remarks—More than 90 percent of the representa-
tives of the Genus A clistochara in the Morrison forma-
tion are referred to A. bransoni. The species as here
defined contains within it a great many forms that,
considered separately and as individual small collec-
tions, seem worthy of specific differentiation. When
these forms are viewed against the background of in-
formation supplied by a great many specimens from
many localities, they assume individual or, at most,
local significance. To define these forms as species or
even as varieties would serve no useful purpose to either
systematic understanding of the charophytes or strati-
graphic knowledge of the Morrison formation. It may
well be that future detailed collecting will prove some
of these forms valid from either a stratigraphic or a
systematic basis, and when this is done they should be
established as new species.

A. bransoni is differentiated from other species of the
genus by its size, shape, and number of ridges in a side
view. These characters are fairly consistent within the
limits set forth in the description. Most specimens
correspond rather closely to the measurements of the
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holotype, with a length and width in the neighborhood
of 400u and a shape that is subovoid or closely resembles
a truncated sphere. All but a few have intercellular
ridges, either narrow and sharp with no indication of
the interspiral suture or somewhat flattened on top with
the interspiral suture plainly visible. A few specimens
have the furrows filled to about the level of the ridges,
and the surface of the gyrogonite is smooth.

The range in length from 280u to 500u is greater
than is generally encompassed within a species of either
living or fossil forms. The very small forms are in-
cluded within this species, as there are relatively few of
them in the collections studied. Careful search for
these minute forms may reveal them in abundance and
justify the establishment of a new species.

Study of large collections from widely separated lo-
calities has failed to justfy continued recognition of
the species A. lota, A. oligospirata, and A. elongata.
These species were described when only two small col-
lections of gyrogonites from the Morrison were avail-
able, and on that basis they seemed to be worthy of
recognition. It isnow found, however, that only a few
specimens in the entire collection can be referred to
those species, and it is considered most probable that
they represent normal differences within the extremely
variable species of 4. bransond.

Occurrence.—This species is common in the Salt
Wash sandstone member of the Morrison formation in
the Colorado Plateau area, in the undivided Morrison
of the Colorado Front Range, and in central and eastern
Wyoming. The species has not been found in Brushy
Basin shale member but occurs with typical Brushy -
Basin species outside of Colorado Plateau area.

Types—Holotype, 81012-1; paratypes 31012-2,
81012-3; University of Missouri. Figured specimens
other than types, nos. 404407, 429, 450-453, 508, 511-
513, U. S. Geological Survey algae collection, Denver,
Colo.

Aclistochara jonesi Peck
Plate 4, figures 1922

Aclistochara jonesi Peck, 1937, Jour. Paleontology, v. 11, p. 88,
pl. 14, figs. 12-15.

Diagnosis—Small- to medium-size subcylindrical
gyrogonites with broadly rounded bases and deeply
truncate summits. Spiral ridges cellular, broad, gently
convex, and separated by narrow shallow intercellular
furrows. Spirals about 60 wide with 8 or 9 visible in
a side view. Summit truncation about half the diam-
eter of the specimen; central part depressed below
general surface and occupied by the 5 somewhat swollen
transparent ends of the spirals.

Measurements of 11 specimens: Length, maximum
520, minimum 400u, mean 450 ; width, maximum 400,
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minimum 320y, mean 360u; 8 specimens with 8 spiral
ridges in side view, 3 specimens with 9 ridges.

Remarks—A. jonest is closely related to A. bransoni
and is distinguished primarily by the subcylindrical
shape and the possession of 8-9 spirals in a lateral
view. It isnota common species and may prove to be
a variant of 4. bransoni.

Occurrence~—Salt Wash member of the Morrison
formation in the Colorado Plateau area and undivided
Morrison of central and eastern Wyoming.

Types—Holotype, 31012-5, University of Missouri
(one of the original syntypes). Figured specimens
other than types, nos. 454456, U. S. Geological Survey
type algae collection, Denver, Colo.

Aclistochara latisulecata Peck, n. sp.
Plate 4, figures 23-29

Diagnosis—Large spheroidal gyrogonites with wide
cellular furrows, gently rounded bases, and broadly
truncate summits. Central third of summit depressed ;
depression occupied by thin distal ends of spirals. Basal
opening pentagonal and about one-tenth total diameter
of specimen. Spiral ridges intercellular in position,
sharp to slightly flattened. Sutures readily seen and
marked by small furrows on crests of ridges. Spirals
ascend in about 115 turns around gyrogonite, turn down
slightly just inside rim of summit, and then turn
abruptly inward to close summit opening with thin
transparent distal ends of spirals. On summit deepest
part of cellular furrow on extreme right just to left of
spiral ridge, furrow sloping uniformly from top of

- ridge to deep part of furrow to give appearance of im-
brication of spirals. No change in shape or thickness
of spirals except in extension to close summit opening.
Six or seven spiral ridges visible in lateral view.
Spiral walls relatively thick, of uniform width through-
out.

Measurements of 66 specimens: Length, maximum
750, minimum 600, mean 680p; width, maximum 710p,
minimum 600u, mean 650u; specimens with 6 ridges in
side view 39, with 7 ridges 25, with 8 ridges 2. (See
fig. 2.)

Remarks.—The spheroidal shape, large size, wide cel-
lular furrows, and broadly truncate summit with the
depressed center make A. latisulcata an easily recog-
nizable species. Of associated large species, 4. rotunda
has more spirals in a side view and narrower cellular
furrows, and 4. complanata is not spheroidal in shape
and does not have a broad summit truncation.

A. latisulcote is remarkable for the lack of differ-
ences among its representatives. It seems to have been
a well-established species producing cogonia of remark-
able uniformity. Because of the lack of differences and
the ease of recognition, A. latisulcata has possibilities

of becoming an excellent zone fossil in the Morrison.
Unfortunately, it has not as yet been collected in enough
localities to allow an evaluation of its importance.

Occurrence.—Morrison formation, USGS paleobo-
tanical locality D 292. In the limestone and shale zone
about the middle of the Morrison formation on the east
bluff of Platte River in T. 31 N., R. 2 W., south of
Douglas, Converse County, Wyo.

Road cut on Colorado Highway 16, USGS paleo-
botanical locality D301, 8.5 miles west of Loveland,
Colo.—composite sample from upper half of the
exposure.

Types—Holotype, 412; paratypes and figured speci-
mens, 413414, 501, 502; U. S. Geological Survey type
algae collection, Denver, Colo.
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Fi16UReE 2.—Length, width, and number of spiral ridges in lateral
view of Aclistochara latisulcata Peck, n. sp., based on actual
count of 64 specimens.

Aclistochara complanata Peck, n. sp.
Plate 4, figures 15-18

Diagnosis—Fairly large ovoid gyrogonites with
wide cellular furrows, rounded bases, and narrow trun-
cate summits. Cellular furrows and intercellular ridges
prominent and well differentiated in proximal part of
gyrogonite; furrows become progressively more filled
distally until near summit furrows and ridges approach
same level, making specimen appear smooth and worn
in upper part. Sides of gyrogonite taper gradually and
evenly from greatest diameter at or slightly below mid-
height to summit truncation which is 24-34 the maxi-
mum diameter. Spirals narrow appreciably as they
approach and turn onto summit, where they make a
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sharp bend in toward center and become depressed.
Details of distal ends of spirals not observed. Spirals
on sides of gyrogonites generally wide but irregular in
width, 6 or 7 visible in lateral view.

Dimensions of 11 specimens : Length, maximum 700,
minimum 500x, mean 630x; width, maximum 6004,
minimum 450, mean 540p; specimens with 6 spiral
ridges in side view 4, with 7 ridges 7.

Remarks—A. complanata is associated with and
closely related to 4. latisulcata n. sp. from which it
differs in shape and summit characters. The summit
truncation of 4. complanata is smaller; the spiral units
narrow as they approach the summit; and the cellular
furrows become more shallow and less conspicuous near
the summit.

Ocourrence—~A. complanata has been found in only
one sample. It is from the Morrison formation in the
limestone and shale zone about the middle of the forma-
tion on the east bluff of Platte River, in T. 31 N., R.
72 W., south of Douglas, Converse County, Wyo.,
USGS paleobotanical locality D292.

Types—Holotype, 408; paratypes, 409—411; U. S.
Geological Survey type algae collection, Denver, Colo.

Aclistochara rotunda Peck, n. sp.
Plate 3, figures 36-39

Diagnosis—Gyrogonites fairly large, averaging be-
tween 500 and 600, in length and diameter, spheroidal
in shape or slightly longer than broad, the greatest
diameter at midheight. Spiral ridges intercellular,
rounded, prominent, separated by fairly deep cellular
furrows about 80x in width. Eight or nine ridges in
lateral view. Summit opening about two-fifths total
diameter of specimen.

Remarks—This species is based on about 60 speci-
mens equally divided between two localities. The speci-
mens all have matrix filling the spiral furrows and
openings, and most are distorted from the compaction
of the enclosing sediments. For these reasons it is not
practical to determine a series of measurements.

A. rotunda is larger than 4. bransoni and more con-
sistently spheroidal in shape, and the summit truncation
is not as prominent.

Occurrence—Morrison formation USGS paleobo-
tanical locality D298—near the top, at the end of the
road to Spanish Diggings in the W14 sec. 31, T. 81 N,
R. 66 W., Niobrara County, Wyo. Piper formation,
USGS paleobotanical locality D294—in limestone and
shale zone in railroad cut one-fourth mile south of
Heath, Fergus County, Mont.; the types are from the
Piper formation.

Types—Holotype, 432 ; paratype, 433 ; figured speci-
mens other than types, 430—431; U. S. Geological Survey
type algae collection, Denver, Colo.
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Genus STELLATOCHARA Horn af Rantzien, 1954

Type species—Stellatochara sellingic Horn af Rant-
zien, from the Triassic of Sweden, by original desig-
nation.

Diagnosis—Gyrogonites with flat summits; entire
summit area occupied by comparatively large circular
to pentagonal opening that remains uniform in diam-
eter or contracts toward interior to produce a cylindrical
or a funnel-shaped throat. Five spiral units ascend to
rim of opening without change in size, shape, or degree
of calcification and without change in angle of ascent
or deflected slightly toward vertical. Spirals end at
rim of opening or turn sharply downward into an almost
vertical position to line interior of throat. Vegetative
parts and modification for summit closure unknown.

Remarks—Phylogenetic relations among fossil
charophytes are difficult to determine even when vege-
tative parts occur with the gyrogonites. When gy-
rogonites occur alone, the problem becomes much more
difficult. Variations in size, shape, number of convolu-
tions of the spirals, and degree of calcification, when
that appears to be consistent, have been used for specific
determination. Omne of the best characters of sys-
tematic value in categories higher than species are
modifications of the summit area. Recognizing the im-
portance of this feature, Horn af Rantzien (1954a,
p- 26) proposed the Genus Stellatochara to contain a
distinet and related group of species that range at least
from the Triassic to the Cretaceous Albian.

The species included in Stellatochara are ovoid, obo-
void, or subcylindrical and taper distally to a fairly
prominent summit truncation. The spirals do not bend
into a horizontal position on the summit as they do in
Aclistochara and Latochara but either end at the rim,
as in the Triassic species described by Horn af Rantzien
(1954a) and 8. argute Peck, n. sp., or bend sharply
down into the throatlike opening of the gyrogonite as
in 8. mundula (Peck) and S. ebovata (Peck). The
distinguishing character of the genus, as interpreted
here, is the cylindrical or conical throat into the main
body of the gyrogonite that is enclosed by the distal
ends of the spirals. This character can be easily deter-
mined from the exterior of the gyrogonite on such
species as 8. sellingi¢ Horn af Rantzien and S. mundula
(Peck) but is best determined by sections in S. obovata
(Peck) and 8. sublaevis Peck, n. sp. An unexplained
pecularity of the North American species of Stellato-
chara is that all throat fillings are silicified, even where
the gyrogonite and the gyrogonite interior filling are
of calcite.

The ascending spiral units on representatives of
Aclistochare bend inward at the summit, then down-
ward toward the interior of the gyrogonite for a short
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distance, and then bend inward and expand to com-
pletely close the summit area. On gyrogonites of
Latochara the ascending spiral units bend inward at
the summit and then bend upward distally to form a
small conical protuberance.

Horn af Rantzien (1954a) referred Stellatochara to
the Clavatoraceae. He based his conclusions on the de-
velopment of apical beaks on gyrogonites of this genus
and on an erroneous assumption concerning the-occur-
rence and systematic position of 8. mundula (Peck).

The apical beaks of gyrogonites of the Clavatoraceae
are longer than those in Stellatochara, and they are
formed by the spirals turning abruptly upward into a
vertical, or almost vertical, position. The necks en-
closed by the upturned ends of the spirals of the Clava-
toraceae are quite small and of uniform width, and the
apical opening is very small. 8. Aéllwvicensis Horn af
Rantzien is illustrated as having a neck formed by the
ends of the spirals turned up to a vertical position, but
I believe that this species is reversed in orientation with
the base up. The neck of this species, as illustrated by
Horn af Rantzien (1954a, pl. 4, fig. 2), greatly resem-
bles the base of 8. obovata (Peck).

Stellatochara mundula (Peck) is not a gyrogonite of
Atopochara trivolvis Peck, as was suggested by Midler
(1952, p. 8) and assumed by Horn af Rantzien (1954a,
p- 31). 8. mundule does occur in samples with 4. &ri-
volvis, but is most abundant in the Bear River forma-
tion (Albian) in which A. #réwolvis does not occur. The
gyrogonites of A. ¢rivolvis are strongly beaked in the
same manner as other species of the Clavatoraceae.

The summit characters of Stellatochara more closely
resemble those of A clistochara than those of the Clava-
toraceae, and on that basis the genus is here placed under
the Aclistochareae Midler.

Stellatochara is represented by 3 species in the
Triassic of Sweden, 3 species in the Rocky Mountains
Jurassic, and 1 species in the Rocky Mountains Aptian
and Albian. Several of the species described by Madler
(1952) from the Kimmeridgian of Germany probably
belong to the genus.

Stellatochara mundula (Peck)
Plate 3, figures 25-35

Aclistochara mundula Peck, 1941, Jour. Paleontology, v. 15,
p. 291, pl. 42, figs. 7-11.
Loranger, 1951, Am. Assoc. Petroleum Geologists Bull,,
v. 35, p. 2357, pl. 2, figs. 3, 4.
Aclistochare symmetrica Loranger, 1951, Am. Assoc. Petroleum
Geologists Bull., v. 35, p. 2357, pl. 2, figs. 1, 2.
Diagnosis—Small subovoid gyrogonites with
broadly rounded bases and short broad necks ending in
a conspicuous summit truncation; the greatest diam-
eter at or below midheight. Summit opening relatively
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large, occupying entire truncate area, circular to slight-
ly pentagonal in shape, cylindrical in cross section;
passage into gyrogonite unrestricted. Basal opening
small.

Spiral ridges commonly intercellular, sharp, and
narrow ; on a few specimens cellular and broadly con-
vex. Spirals rise to summit and then bend sharply into
summit opening ; intercellular ridges within throatlike
summit opening penetrate matrix filling. Ten spiral
ridges normal in side view; about one-fourth of speci-
mens have 11 ridges, and one-eighth have 9 ridges.

Measurements of 200 specimens: Length, maximum
650u, minimum 3204, mean 500u; width, maximum 450pu.
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Fieure 3.—Length, width, and number of spiral ridges in lateral view of
Rtellatochare mundula (Peck) ; actual count based on 200 specimens.

minimum 280u, mean 360y ; 30 specimens with 9 spiral
ridges in side view, 108 with 10 ridges, 62 with 11 ridges.
(See fig. 3.)

Remarks—These are extremely abundant and well-
characterized gyrogonites that  range from almost
cylindrical to ovoid and always possess a conspicuously
truncate summit at the end of a short neck. The basal
opening is small, about 50x or less in diameter, and
rounded to somewhat pentagonal. The spiral ridges on
most of the specimens are intercellular, fairly sharp,
and separated by cellular furrows about 50x wide. The
holotype has low, broad cellular ridges, but this is the
exception rather than the rule. Of the more than 500
specimens studied, only 25 possessed cellular ridges.
On many specimens the sharp spiral ridges extend
below the basal opening.

The characteristic shape, the low equatorial angle,
and the short neck, with the conspicuously truncate
summit, make 8. mundula easy to identify. The Aptian
representatives are in general more cylindrical and
smaller than the Albian forms, but these differences are
insufficient for specific differentiation. §. arguta Peck,
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n. sp., of the Brushy Basin shale member of the Morri-
son formation (Kimmeridgian) and beds of equivalent
age is the most closely related species. 8. arguta is
smaller, has fewer ridges in a lateral view, and does not
possess the short neck of S. mundula. 8. sellingii Horn
af Rantzien from the Triassic of Sweden does not have
the broad summit opening of 8. mwndula, and the spiral
ridges do not descend into the summit depression.
Aclistochara symmetrica Loranger comes well within
the size range of S. mundula as defined here and is
included in the synonmy.

The original description of 8. mundula (Peck, 1941)
recorded 11-12 spiral ridges in a side view, but careful
restudy of the material has failed to disclose any speci-
men with more than 11 ridges. Arriving at the exact
figure for ridges in a lateral view is difficult because
where to start and end the counting is an ever recurring
problem.

Occourrence—Widespread and abundant in Aptian
and Albian nonmarine deposits of Rocky Mountains
area. Extremely common in Bear River formation
(Albian) of southwest Wyoming and fairly common in
Peterson and Draney limestones (Aptian) of eastern
Idaho and western Wyoming. Occurs in limestones in
upper part of Kootenai formation (Aptian) in west
central Montana, and Dr. C. R. Longwell collected a
few specimens from the Overton fanglomerate in
Kaolin Wash, 1.5 miles northwest of Buena Vista Camp,
Nev. Loranger (1951, p. 2357) states that S. mundula
is abundant in the Blairmore throughout central Al-
berta. Holotype from Draney limestone.

Types—Holotype, 381016-5; paratypes 31016-3,
31016—4; University of Missouri. Figured specimens
other than types, nos. 476-483, U. S. Geological Survey
type algae collection, Denver, Colo.

Stellatochara obovata (Peck)
Plate 6, figures 24-34

Aclistochara obovata Peck, 1937, Jour. Paleontology, v. 11, p. 88,
pl. 14, figs. 26-29.

Diagnosis—Medium-sized ovoid to obovoid gyrogo-
nites with pointed, strongly projecting bases and trun-
cate summits. Summit opening occupying greater part
of distal truncation, about 100 wide, conical in cross
section with inner orifice smaller than outer, original
covering or filling unknown ; basal opening pentagonal,
minute, from 20u to 50u wide. Spiral ridges intercellu-
lar in position, sharp, somewhat prominent, bending
over summit rim into the central opening. Cellular
furrows shallow to deep, from 50y to 80u wide, on some
specimens almost completely filled near the summit.
Nine ridges apparently normal in side view, many
specimens have 8 or 10, occasional representatives with

7 or 11. Spiral walls about 80u thick, fairly uniform
throughout. Gyrogonite filling with faint spiral ridges
marking lateral contacts of enveloping cells, and with
prominent projections representing the filling of the
summit and basal openings.

Measurements of 100 specimens: Length, maximum
600u, minimum 420g, mean 540y ; width, maximum 500y,
minimum 360u, mean 435p; 2 specimens with 7 spiral
ridges in side view, 18 specimens with 8 ridges, 48 speci-
mens with 9 ridges, 29 specimens with 10 ridges, 3
specimens with 11 ridges. (See fig. 4.)

Remarks—The projecting base with the obovate to
ovate shape, and gradual narrowing of the upper half
of the gyrogonite to the fairly small truncate summit
make S. obovata one of the best characterized and easily
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F1¢URE 4,—Length, width, and number of spiral ridges in lateral view of
Stellatochara obovata (Peck). Curve based on 100 specimens.

identified species of the Morrison formation. A few
specimens lack the projecting base but agree in other
details and are included in the species.

Stellatochara héllvicensis Horn af Rantzien from the
Triassic of Sweden, if reversed in orientation, would
closely resemble S. obovata in size, shape, and posses-
sion of the projecting base.

Occurrence—Seldom abundant, but widely distrib-
uted throughout undivided Morrison of New Mexico,
Oklahoma, central Colorado, eastern Wyoming, west-
ern South Dakota, and central Montana. Present in
Brushy Basin shale member of Morrison on northeast
flank of Woodside anticline, Emery County, Utah.
Species has not been found in Salt Wash sandstone
member of Morrison and possibly indicates a Brushy
Basin age. Types from Morrison formation, 18 miles
north of Rawlins, Wyo.

Types—Holotype 81012-4, University of Missouri.
Figured specimens other than types, nos. 424428, 449,
500, 505, 506, U. S. Geological Survey type algae collec-
tion, Denver, Colo.
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Stellatochara arguta Peck, n. sp.
Plate 6, figures 14-23

Diagnosis—Medium to small subcylindrical to ovoid
gyrogonites with fairly small truncate summits; great-
est diameter at or below midheight. Distal opening
relatively large, occupying greater part of summit,
about 100 in width, somewhat irregular in shape; origi-
nal filling unknown; basal opening small. Spiral
ridges intercellular in position, range from sharp and
prominent with deep cellular furrows to inconspicuous
with cellular furrows filled to almost the tops of the
ridges; cellular furrows 50u—80p wide. Eight spiral
ridges normal number visible in a side view, about one-
third of the specimens with 7 ridges, a few with 9, and
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FIGURE 5.—Length, width, and number of spiral ridges in lateral view of
Stellatochare arguta Peck, n. sp., based on actual count of 86
specimens.

occasional small specimens with only 6. Spirals end
abruptly at edge of summit opening and do not bend
over into central depression.

Measurements of 85 specimens: Length, maximum
500p, minimum 310s, mean 440u; width, maximum 400,
minimum 300y, mean 360yu; 8 specimens with 9 spiral
ridges in side view, 51 specimens with 8 ridges, 24 speci-
mens with 7 ridges, 2 specimens with 6 ridges. (See
fig. 5.

Re'rzwzrks.—The chief characters of S. arguta are the
small size, the ovoid to subcylindrical shape, and the
distal termination of the spirals without bending into
the summit opening. 8. mundula has a larger number
of ridges in a side view, the ovoid shape is interrupted
by a short neck at the summit, and the spiral ridges
bend over and continue along the sides of the summit
opening.

The specific name means sharply defined. The types
are from the Brushy Basin shale member of the
Morrison.

Occurrence—Brushy Basin shale member of the Mor-
rison formation on the north flank of the Woodside
anticline, Emery County, Utah (USGS paleobotanical
locality 1D290), and rare in the undivided Morrison in
central and eastern Wyoming and western South
Dakota.

Types—Holotype, 892; paratypes, 393-400; U. S.
Geological Survey type algae collection, Denver, Colo.

Stellatochara sublaevis Peck, n. sp.
Plate 6, figures 9-13

Diagnosis—Gyrogonites fairly large, ovoid, and sub-
cylindrical or barrel shaped with deeply truncate sum-
mit and broadly rounded to narrowly truncate base.
Spiral ridges intercellular, low but sharp; cellular
furrows almost filled and nearly flush; overall surface
fairly smooth. Spirals about 70p wide; 8 or 9 visible
in a side view. Summit occupied by large circular
depression that opens into a short throat; intercellular
ridges project inward beyond apparent ends of spirals.

Measurements of 8 specimens: Length, maximum
600g, minimum 5204, mean 550, ; width, maximum 500,
minimum 420u, mean 465p.

Remarks—8S. sublaevis differs in shape from from 8.
obovata, is larger and differs in shape from 8. arguia,
and lacks the short neck of 8. mundula. 8. sublacvis
is considerably larger than Aclistochara bransoni and
A. jonesi, and smaller than 4. complanate and A. lati-
sulcata. It is longer in relation to width than A.
rotunda. .

The specific name refers to the almost smooth outer
surface of the gyrogonites.

Occurrence.—Piper formation (Middle Jurassic) in
a limestone and shale facies about 150 feet above the
base of the formation along the railroad cut just south
of Heath, Fergus County, Mont., USGS paleobotanical
locality D294.

Types—Holotype, 434; paratypes, 435-437; U. S.
Geological Survey type algae collection, Denver, Colo.

Genus LATOCHARA Madler, 1955

Type species—Aclistochara latitruncata Peck, from
the Morrison formation.

Diagnosis—Gyrogonites composed of five sinistrally
spiraled units that narrow appreciably at rim of sum-
mit, level off, and turn inward, expanding in width,
and then turn abruptly upward into almost vertical
position to form a small pyramidal projection in center
of summit. Vegetative parts unknown.
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Remarks—About half of the gyrogonites in the
Morrison formation have conspicuously flattened sum-
mit areas in the center of which the five spirals turn
abruptly upward to form small conical projections.
The spirals narrow rapidly after turning upward, and
the tapering ends adjoin closely to form a fairly sharp
point that encloses a small summit opening. These
summit characters are quite different from those of any
other described genus.

On representatives of Tectochara Grambast and
Grambast, the spirals narrow at the rim of the summit
then turn inward and expand rapidly to form a rosette
of five triangular terminations that close the summit.
The ends of the spirals do not turn upward in the center
on representatives of Zectockara. On specimens in
which the summit area is not preserved, it is difficult to
determine if the gryrogonite should be referred to
Tectochara or Latochara.

Harris (1939) found representatives of Latochara in
abundance in the Purbeck of England, but he referred
all of the Purbeck gyrogonites to either Clavator or
Perimneste. As pointed out by Médler (1952, p. 3),
other charophyte genera are common in the Kimme-
ridgian of Germany and in the Lower Cretaceous; so
it is illogical to assume that only the Clavatoraceae
were present in the Purbeck. It is believed that Harris
made his identification of gyrogonites largely by their
association with silicified vegetative parts and thus
failed to recognize the variations that existed in his
material. Drawings of the gyrogonites referred to
COlavator grovesi and Clavator bradley: (Harris, 1939,
p. 38) show the peaked construction of Latockara quite
well, but photographs of specimens referred to these
species (Harris, 1939, pls. 10, 16) do not show the same
characters. Among the hundreds of representatives of
Latochare from the Morrison formation, not one shows
the slightest sign of ever having possessed a utricle,
which they should have if belonging to the Clava-
toraceae.

The gyrogonites of the Genera Clavator, Atopochara,
and Zchinochara do have the spirals turning upward
at their terminal ends to form a cylindrical neck. But
gyrogonites belonging to these genera are never flat-
tened on the summit, and the spirals turn to a vertical
or almost vertical position. The projection thus formed
is cylindrical not conical.

Representatives of the Genus ZLatochara are not
recorded by Midler (1952) from the German Kimme-
ridgian, but they evidently are abundant in the English
Purbeck. In North America the genus is abundant in
the Morrison formation and has been found at only two
localities in the Lower Cretaceous Aptian.

Latochara latitruncata (Peck)
Plate 5, figure 7, 21-33

Aclistochara latitruncata Peck, 1937, Jour. Paleontology, v. 11,
p. 89, pl. 14, figs. 1-4.

Diagnosis—Small- to medium-size spheroidal to top-
shaped gyrogonites with deeply truncate summits and
pointed to narrowly rounded bases. Height (without
pyramidal peak) and width about equal, greatest
diameter at or about midheight. Spiral units narrow,
about 50u wide (on a few specimens as much as 90u
wide), broadly convex, becoming concave on summit,
or shallowly concave throughout ; a few specimens with
deeply concave spirals. On many larger specimens are
8 or 9 spiral units in a side view. Smaller specimens,
spiral ridges range from 5 to 8 in lateral view.

Measurements of 222 specimens: Length (not includ-
ing pyramidal projection), maximum 550, minimum
300u, mean 400y ; width, maximum 550u, minimum 300p,
mean 410 ; 10 specimens with 5 spiral ridges in lateral
view, 59 specimens with 6 ridges, 68 specimens with 7
ridges, 32 specimens with 8 ridges, 28 specimens with 9
ridges, 35 specimens with 10 ridges.

Measurements of 130 specimens from 1 sample (on
the Platte River south of Douglas, Wyo.) : Length (not
including pyramidal projection), maximum 550u, min-
imum 300u, mean 400u; width, maximum 500z, mini-
mum 300, mean 390u; 9 specimens with 5 spiral ridges
in side view, 48 specimens with 6 ridges, 40 specimens
with 7 ridges, 17 specimens with 8 ridges, 14 specimens
with 9 ridges, 2 specimens with 10 ridges. »

Remarks—Latochara latitruncata is a widely distrib-
uted and abundant species with considerable range in
‘'size, the number of ridges visible in a side view, and
degree of calcification of the spiral cells. The species
is consistent in shape and in width-length ratio. On
most of the representatives with cellular ridges, the de-
gree of calcification is less on the summit, and the spirals
become concave as they pass onto the summit truncation.
On a few of the forms with cellular ridges, the degree
of calcification remains almost uniform, and the sum-
mit projection is set off from the summit truncation by
a circular furrow (pl. 5, fig. 24).

Latochara latitruncata is common in the Brushy Ba-
sin shale member on the north side of the Woodside anti-
cline in east-central Utah. All representatives at this
locality are fairly large; all have cellular ridges; and
most of them have nine spiral ridges in a lateral view.

In extreme northwest Wyoming in Devils Tower Na-
tional Monument, L. letitruncata is again represented
by many individuals. Here most of the specimens are
about 500p in width and length, and have cellular ridges
or shallowly concave spirals. A few specimens have
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number of ridges in a side
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Seven is the common
view.

On the bank of the North Platte River south of Doug-
las, Wyo., a sample from near an argillaceous limestone
just above the middle of the Morrison has yielded 130
specimens that are referred to L. latitruncata. The

size range among the spec
urements above.) The dx
spirals ranges from thin

imens is great. (See meas-
ogree of calcification of the
walls with deeply concave

spirals to thick walls with convex spirals. The num-

ber of ridges in a lateral v
the larger specimens gener
ber of spirals. These 13
ranged in gradational seri
of ridges, and degree of ¢
possible to determine any
they can be satisfactorily
specific categories, and it i

iew ranges from 5 to 10 with
ally having the larger num-
0 specimens have been ar-
es according to size, number
alcification. It has not been
set of characters by which
divided into two or more
5 concluded that the range of

variation within the species is unusually large.
Near Lewistown, in centiral Montana, representatives
of L. latitruncata are all small, and most of them have

6 or 7 spiral ridges in a
probably be considered a

if they were not so similar

near Douglas.

lateral view. These would
new species or a new variety
to the small specimens from

Occurrence—DBrushy Basin shale member of the Mor-

rison in east-central Uta

(USGS paelobotanical lo-

cality D290) and in the undivided Morrison of central
and eastern Wyoming and central Montana.
Types—Holotype, 31018-4 ; paratypes, 31026-1 Uni-

versity of Missouri.

Figured specimens other than

types, nos. 388-391, 417428, 457, U. S. Geological Sur-

vey type algae collection,

enver, Colo.

Latochara spherica Peck, n. sp.

Plate 5, figures 34-36

Diagnosis—Medium-size

spheriodal gyrogonites

averaging about 550y in width and height with rounded

bases and narrowly truncate summits.

concave to gently convex,
in a side view; surface o
Summit truncation small,

Spirals slightly
most specimens with 8 or 9
f gyrogonite almost smooth.
occupied chiefly by upturned

ends of spirals. Gyrogonite wall thin.
Measurements of 36 specimens: Length, maximum

600y, minimum 450, mean

550u; width, maximum 600,

minimum 500u, mean 550u; 1 specimen with 6 spiral

ridges in lateral view, 2

specimens with 7 ridges, 10

specimens with 8 ridges, 23 specimens with 9 ridges.
Remarks.—These are the largest gyrogonites that are

referred to the Genus Latg
oidal shape, and narrowly

chara. The large size, spher-
truncate summit readily dif-

ferentiate them from L. latitruncata.
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Unfortunately, among the specimens studied, the sum-
mits are not well preserved and cannot be described in
detail.

Occurrence—Salt Wash member of the Morrison
formation at Church Rock locality (USGS paleo-
botanical locality D289), San Juan County, Utah.
Poorly preserved specimens that probably belong to this
species were collected from the Morrison on the south-
ern flank of the Maverick Springs anticline, Fremont
County, Wyo.

Types—Holotype, 386; paratype, 887; U. S. Geo-
logical Survey type algae collection, Denver, Colo.

Latochara collina Peck, n. sp.
Plate 5, figures 14

Diagnosis—Medium-size spheroidal to subconical
gyrogonites with deeply truncate summits and narrowly
rounded to pointed bases. Spiral ridges intercellular,
fairly broad, flattened, irregular in thickness, somewhat
knotty, with intercellular suture well marked. Spiral
ridges flatten out as they turn onto summit area, form-
ing a smooth area around upturned ends of spirals. Six
or seven spiral ridges visible in a lateral view, occasional
specimens with 5 or 8.

Measurements of 22 specimens: Length, maximum
500, minimum 400u, mean 450u ; width, maximum 560,
minimum 400p, mean 480u; 2 specimens with 5 spiral
ridges in lateral view, 14 specimens with 6 ridges, 5
specimens with 7 ridges, 1 specimen with 8 ridges.

Remarks—Representatives of Latochara collina are
unique among gyrogonites of the Morrison formation in
possessing little knots or papillae on the intercellular
ridges. This is the character on which Madler (1952,
p- 6) bases the Genus Kosmogyrina. From the develop-
ment of papillae on the intercellular ridges of L. col-
lina, it seems clear that this is a character that is only
of individual or, at most, of specific value. Develop-
ment of ridges of irregular width or irregular height is
dependent on the precipitation of calcite within the
enveloping cells.

L. collina differs from L. latitruncate in the develop-
ment of the irregular spiral ridges and in the small
number of ridges in a lateral view. More detailed
work may indicate that L. collina should have only sub-
species rank.

Occurrence—Salt Wash sandstone member of the
Morrison formation, in SE1j sec. 7, T. 43 N., R. 12 W,
San Miguel County, Colo., USGS paleobotanical local-
ity D300.

Types—Holotype, 497; paratypes, 498, 499; U. S.
Geological Survey type algae collection, Denver, Colo.
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Latochara concinna Peck, n. sp.
Plate 5, figures 5-6, 8-9

Diagnosis—Small  barrel-shaped to spheroidal
gyrogonites with greatest diameter at or slightly above
midheight, tapering from greatest diameter to nar-
rowly rounded truncate, or bluntly pointed base; walls
converge more slowly distally to fairly deep summit
truncation. Spirals invariably convex, narrow, about
50 wide, becoming concave or flattened on summit.
Eight to eleven spiral ridges visible in side view, most
specimens with 9 or 10. Surface of gyrogonite smooth
and spirals difficult to distinguish.

Measurements of 25 specimens from several locali-
ties: Length, maximum 500u, minimum 350x, mean
420p; width maximum 450p, minimum 350, mean 395 ;
4 specimens with 8 ridges in side view, 13 specimens
with 9 ridges; 6 specimens with 10 ridges; 2 specimens
with 11 ridges.

Measurements of 25 specimens from near Lewistown,
Mont., that are referred to this species: Length, maxi-
mum 400, minimum 300y, mean 365, ; width, maximum
400p, minimum 300p, mean 350u; 3 specimens with 8
ridges in side view; 9 specimens with 9 ridges; 11 spec-
imens with 10 ridges; 2 specimens with 11 ridges.

Remarks—Latochara concinna is closely related to
Latochara latitruncata but differs in size, shape, and
length-width ratio. In general, the two species do not
occur together which might lead to the supposition that
these characters are simply variations within a species.
They are, however, rather easily differentiated, and they
do occur together in a few localities.

In general, Latochara latitruncata occurs in the
Brushy Basin shale member of the Morrison of Utah
and in the undifferentiated Morrison in central and
eastern Wyoming. ZLatochara concinna is particularly
characteristic of the Morrison along the east flank of
the Front Range in Colorado, but is widely distributed
stratigraphically and geographically. The species,
as here defined, ranges considerably in size. Along the
Front Range in Colorado, the average length of the
specimens is about 420x. At Lewistown, Mont., the
average length is 365p; and in the basal part of the
Morrison on the north side of Bull Lake Creek Canyon
on the east flank of the Wind River Mountains of
Wyoming, the average length is only 800x. It is, of
course, possible that future work will indicate that
these sizes represent different varieties or even species;
but in the light of our present knowledge, it seems best,
to group them together.

Occurrence—Salt Wash sandstone member of the
Morrison in the Colorado Plateau area, widespread in
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undivided Morrison of Colorado, Wyoming, and Mon-
tana.

Types—Holotype, 509; paratype, 510; figured speci-
men other than types, 416; U. S. Geological Survey type
algae collection, Denver, Colo.

Latochara tenuicostata Peck, n. sp.

Plate 5, figures 10-12

Diagnosis—Small spheroidal to obovate gyrogonites
with flat summits and broadly to narrowly rounded
bases. They range from 350u to 400z in length and
300u to 350p in width with maximum diameter at or
slightly above midheight. Gyrogonite surface fairly
smooth ; spirals consist of broadly rounded cellular fur-
rows separated by low intercellular ridges. Calcifica-
tion of spirals reduced on summit area where they be-
come more deeply concave and then turn upward to
form small peaked projection in center. Twelve to
thirteen spiral ridges visible in a lateral view.

Remarks—The description is based on about 25 speci-
mens from a single locality in the Lower Cretaceous
Cloverly formation near Lander, Wyo. The most use-
ful characters in identifying the species is the large num-
ber of ridges in a lateral view. In size L. tenuicostata
compares closely to L. bellatula and small representa-
tives of L. latitruncata.

L. tenuicostata occurs in samples with specimens of
Olavator bilateralis Peck, n. sp., and is about the right
size and shape to represent gyrogonites of that species.
They occur in about the same abundance, and careful
search has been made to find gyrogonites of Z. tenwui-
costata with parts of utricles adhering or utricles of C.
bilateralis that would expose gyrogonites. Sectioning
of specimens of C. bilateralis has failed fo disclose the
thick-walled gyrogonites that they should contain if
these two species are the same. Also, the summit char-
acters of the gyrogonites are typical of Latockara in
that the peak is conical and where the spirals turn up-
ward they continue their spiral. The upturned distal
ends of the spirals of Clavator are almost vertical. On
this basis it is believed that the two forms represent
separate genera and species.

O ccurrence.—Limestones and associated shales of the
Cloverly formation, about 280 feet above the base of the
undifferentiated Morrison and Cloverly along east flank
of Wind River Mountains 3—4 miles west and northwest
;of Lander, Fremont County, Wyo., between the Middle
Fork of the Popo Agie River and the north side of Bald-
win Creek, USGS paleobotanical locality D297.

Types—Holotype, 469; paratypes, 470-471; U. S.
Geological Survey type algae collection, Denver, Colo.
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Latochara bellatula Peck, n. sp.
Plate 5, figures 17-19

Diagnosis—Small spheroidal gyrogonites with
broadly rounded bases and flattened summits that range
from 250u to 350u in length and 225u to 275 in width.
Gyrogonite surface fairly smooth; spirals consist of
broadly rounded cellular ridges separated by small
shallow furrows. Calcification reduced distally ; spirals
become shallowly concave as they turn on to summit
and remain concave as they turn upward to form a
prominent cone-shaped projection in center of summit
area. About 9 spiral ridges visible in a lateral view.

Remarks.—This description is based on 15 specimens
from a single locality. L. bellatula differs from small
representatives of L. latitrumcate in having more
ridges in a lateral view, in consistently having cel-
Iular ridges, and in being more globular in shape.
L. tenuicostata Peck, n. sp., has 12-13 ridges in a
lateral view. Representatives of L. bellatula are simi-
lar to those attributed to Clawator grovesi Harris
(1939, text-fig. 8, A, B, C) (pl. 5, fig. 20).

I have compared representatives of gyronites labeled
Clavator grovesi that were presented to me by the
British Museum (Natural History) with representa-
tives of L. bellatula and can find only a difference in
shape. They probably represent either the same species
or closely related species. The gyrogonites of C.
grovesi illustrated by Harris (1939) on plate 10, figures
1-12, do not show the peaked construction of Latochara,
and it is probable that the originals of his figures on
page 38 are misidentified and do not belong to Clavator.

Occurrence—Shale facies of the Lakota'(Aptian) in
road cut along Fall River Road, 8.2 miles southeast of
Hot Springs, S. Dak., USGS paleobotanical locality
D28e6.

Types—Holotype, 367; paratypes, 368-369; U. S.
Geological Survey type algae collection, Denver, Colo.

Genus TECTOCHARA Grambast and Grambast, 1954

Type species—Tectochara merianic (Al. Braun),
from the Tertiary of France, by original designation.

Diagnosis—Gyrogonites, the width of whose spiral
cells diminish perceptibly in the area of the apical
zone, the joined terminal swellings forming an often
prominent rosette. Apical zone easily detached by a
breaking of the spires at the level of their constriction,
leaving an opening, the outline of which in most cases
has five curved indentations. Basal pore situated at
the bottom of a funnel shaped depression, the sides
of which are frequently projecting, the base generally
prominent. Length exceeding width, form generally
ovoid, sometimes subglobular. (Translated from
Grambast and Grambast, 1954, p. 4.)

Remarks—The Genus Tectochara was defined by
Louis and Nicole Grambast to include Tertiary species
that had formerly been referred to Charae and Aclisto-
chara. The chief distinguishing characters—the nar-
rowing of the spiral cells in the apical zone, then their
expansion in the center to form a rosette—are well il-
lustrated by a small species from the Lower Cretaceous
of the Black Hills region.

. The Genus Tectochara is closely related to Latochara.

On representatives of both genera the spirals narrow
at the rim of the summit and then expand as they turn
inward. Representatives of Latochara do not have a
conspicuous expansion at the ends of the spirals, and
the ends turn upward to form a small conical projec-
tion at the center of the summit that has no resemblance
to a rosette. It is, however, difficult to differentiate
these genera on specimens in which the summit is not
preserved.

Tectochara grambastorum Peck, n. sp.
Plate 5, figures 13-16

Diagnosis—Small spheroidal gyrogonites, ranging
from 320u to 400p in length and 280 to 350 in width.
Spiral ridges cellular, broadly convex, separated by nar-
row intercellular furrows, 9 or 10 in lateral view. The
5 spirals originate as broad convex cellular ridges
around a comparatively large basal opening and ascend
in little less than 2 complete turns to summit area. At
edge of summit they narrow rapidly to about half their
normal width and then turn abruptly in toward center,
expanding rapidly and then tapering to a point.
Rosette created by expansions of spirals on summit
resembles 5 small almost equilateral triangles that meet
in exact center of gyrogonite to completely close and
roof over summit. No summit opening. Rosette per-
sists, present on most specimens, but constriction of
spirals at edge of summit establishes a zone of weakness
along which spirals are broken on a few specimens.
If rosette is absent, summit is open, but narrowing
of spirals provides ready identification.

Remarks—This is the only representative of the
Genus 7ectochara in the Jurassic and Lower Creta-
ceous sedimentary rocks of the Rocky Mountains re-
gion and apparently is the oldest recorded occurrence
of the genus anywhere in the world. The small size,
spheroidal shape, broadly rounded cellular furrows
that narrow appreciably at the edge of the summit, and
the prominent summit rosette are distinctive. The
species is named in honor of Louis and Nicole Gram-
bast.

Occurrence—Shale facies of the Lakota sandstone
(Aptian) in cut on north side of Fall River Road, 3.2
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miles southeast of Hot Springs, S. Dak., USGS paleo-
botanical locality D286.

Types—Holotype, 863; paratypes, 364-366; U. S.
Geological Survey type algae collection, Denver, Colo.

Subfamily CHAREAE v. Leonhardi, 1863
Genus SPHAEROCHARA Midler, 1952

Type species—Sphaerochara hirmeri (Rasky), from
the Oligocene of Hungary, by original designation. -

Diagnosis—Gyrogonite of the summit structure of
the Chareae and of more or less spherical form with-
out decoration. (Translated from Médler, 1952, p. 6.)

Remarks—Midler (1952), p. 6) proposed the Genus
Sphaerochara to contain those species that have the
summit characters of the gyrogonites of the Genus
Chara and a spherical shape that prevents their assign-
ment to Chara. Besides the type species, Chara per-
lata Peck and Recker and Chara brewsterensis Groves
are referred to Sphaerochara by Madler.

Sphaerochara verticillata (Peck)
Plate 7, figures 1-12

Chare verticillata Peck, 1937, Jour. Paleontology, v. 11, p. 84,
figs. 30-33.

Chara sp. Peck, 1941 Jour. Paleontology, v. 15, p. 289, pl. 42,
fig. 40.

Small spherical to elliptical gyrogonites with
rounded bases and summits. Summit closed, the spi-
rals meeting in the center of the distal end without any
change in size, shape, or form; basal opening pentag-
onal, from 30x to 40 wide. Spiral ridges cellular,
slightly convex, from 50u to 75u wide, with obscure in-
tercellular furrows on most specimens; specimens from
some localities have intercellular ridges with broad
shallow cellular furrows. Spiral ridges in side view
normally 8-9, a few specimens with 10. Spiral walls
about 65p thick, fairly uniform throughout.

Measurements of 50 specimens: Length, maximum
600x, minimum 280, mean 445, ; width, maximum 540p,
minimum 250u, mean 400u. Spiral ridges visible in
side view: 8 ridges on 14 specimens, 9 ridges on 30
specimens, 10 ridges on 6 specimens.

Remarks—S. wverticillata was originally described
from several poorly preserved specimens from the Mor-
rison formation, south of Mayoworth, Wyo. Addi-
tional collecting has greatly extended the geographic
range of the species and produced a large number of
well-preserved specimens on which the above descrip-
tion is based.

The species ranges greatly in size. It seems highly
improbable that one species of plant would produce gy-
rogonites ranging from 280x to 600x in length, and it is
entirely possible that two or more species are repre-
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sented. This range in size occurs in a single sample,
and there appears to be every gradation from the small-
est to the largest. If a division were made on the col-
lections at hand, it would have to be purely an arbitrary
division based on size alone.

Generic assignment of the species is difficult. The
larger specimens fall readily into the Genus Sphaero-
chara Médler. The smaller specimens closely resemble
the gyrogonites Midler described as ZTolypella harrisi.
Gyrogonites of the Genus Zolypella are generally small
and weakly calcified with cellular furrows.

8. werticillata is widely distributed. The species is
present in the Morrison formation south of Mayoworth,
Wyo., on the north side of Bull Lake Creek in Fremont
County, Wyo., in the vicinity of I.ewistown, Mont., and
was recorded by Stovall (1943, p. 69) from Cimmaron
County, Okla. One specimen that is referred to this
species was collected from the type locality of the
Morrison near Denver, Colo.

This is the only known representative of the Genus
Sphaerochara in the Jurassic. The spherical shape,
small size, and slightly convex cellular ridges that con-
tinue to the center of the summit without change of
shape and form make it easily identifiable. In the Bull
Lake locality most of the specimens have slightly con-
cave cellular furrows.

Qocurrence.—Morrison formation of central Wyo-
ming, central Montana, central Colorado, and western
Oklahoma. Xootenai near Whitehall, Mont.

Types—Holotype, 31011-4 (one of the syntypes),
University of Missouri. Figured specimens other than
types, nos. 438-446, 458, 503; U. S. Geological Survey
type algae collection, Denver, Colo.

Sphaerochara stantoni (Knowlton)
Plate 7, figures 17-21

Chara stantoni Knowlton, 1893, Bot. Gaz., v. 18, p. 141, figs. 1-3.
White, 1895, U. 8. Geol. Survey Bull. 128, p. 63, pl. 10, figs.
14-16.
Groves, 1933, Fossilium Catalogus, Plantae, pars 19, p. 31.
Gyrogonites stantoni (Knowlton), Pia, 1927, Hirmer’s Hand-
buch der Paleobotanik, R. Oldenbourg, Miinchen und
Berlin, p. 89.

Diagnosis—Gyrogonites of medium size, average
about 510u in length and 450x in width, obovoid in
shape with pointed or narrowly truncate base and
broadly rounded to somewhat flattened summit; maxi-
mum diameter at or above midheight. Basal opening
fairly conspicuous, pentagonal. Spiral ridges inter-
cellular, narrow, and prominent, separated by deep
cellular furrows with almost vertical sides. Spirals
complete about 114 turns in their ascent, turn onto the
broadly rounded or flattened summit and end in a point
or along a short irregular line. No summit opening to -
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gyrogonite. Spiral ridges decrease in height as they
turn onto summit; furrows on summit not as deep as on
sides. In lateral view 8 or 9 spiral ridges visible.

Remarks—The description is based on more than
200 well-preserved gyrogonites that are remarkly uni-
form in size, shape, and degree of calcification. The
distinguishing characters of the species are the obovoid
shape, the broadly rounded summit, the narrow base,
and the high, sharp intercellular ridges with deep U-
shaped intervening troughs. Praechara voluta (Peck),
from the Morrison and Lower Cretaceous is smaller,
has the greatest diameter at midheight, has 9 or 10
ridges in a side view, and the intercellular furrows are
not as conspicuous. Obtusochara mitella (Peck and
Reker) from the Paleocene is larger, has 9 or 10 ridges
in a lateral view, and normally has cellular ridges.
Sphaerochara latifasciata Peck, n. sp., is larger, more
globular in shape and normally has cellular ridges.

Occurrence—Abundant in the Bear River formation
(Albian) in Uinta County, Wyo. Paleobotany local-
ities D299, D427.

Types—Holotype, USNM 8323. Figured speci-
mens, 484-488; U. S. Geological Survey type algae
collection, Denver, Colo.

Sphaerochara latifasciata Peck, n. sp.
Plate 7, figures 28-33

Diagnosis—Fairly large spheroidal to obovate gy-
rogonites with pointed to narrowly rounded bases,
broadly rounded summits, and wide (100p) spirals.
Gyrogonites range in length from 650u to 800x and in
width from 500u to 700pu. Spirals wide; on most speci-
mens ridges cellular and gently convex; on some
specimens ridges intercellular, low and narrow, and
separated by wide, shallow cellular furrows; on a few
specimens spirals develop small regularly spaced knots
about 100x from center to center. Spirals ascend in a
little less than two complete turns and distally turn
onto somewhat flattened summit to meet in center along
a wavy line or in a point slightly raised above general
surface. Spiral walls thick along sides, from 50u to
100y, thinning to about half that thickness on summit.
Spiral ridges in a side view normally 9, a few
specimens with 8 and some with 10.

Oospore membrane represented by black line along
interior walls of spirals on many specimens.

Remarks.—QGyrogonites of 8. latifasciata are among
the largest known from the Mesozoic. Their obovoid
to spheroidal shape, large size, and wide spirals that
are normally gently convex on the sides and change
rather abruptly to gently concave on the summit make
it a striking and easily identified species. The size is
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remarkably consistent, and that character, with cellular
ridges or shallow cellular furrows, differentiates .
latifasciata from S. stantoni, the only associated species
of the genus.

A few gyrogonites of this species possess regularly
spaced tubercles on the spirals. According to the clas-
sification given by Médler (1952), these should be re-
ferred to the Genus Kosmogyra of the Subfamily Kos-
mogyreae. In all characters other than the possession
of tubercles, they agree with the nontuberculate forms.
This occurrence of tubercles is believed to be an in-
dividual difference and not worthy of even specific
separation.

Occourrence—Common in the Bear River formation
of Uinta County, southwestern Wyoming, USGS paleo-
botanical localities D299, D427.

Types—Holotype, 491; paratypes, 492496; U. S.
Geological Survey type algae collection, Denver, Colo.

Sphaerochara brewsterensis (Groves)
Figure 6

Chara brewsterensis Groves, 1925, Am. Jour. Sci., 5th ser., v.
10, p. 12, text figs. 1, 1a, 1b.
Groves, 1933, Fossilium Catalogus, Plantae pars. 19, p. 12.

Diagnosis—Groves’ (1925) description of the essen-
tial characteristics are as follows:

Oogonium [gyrogonite] broadly ellipsoid, terete, slightly trun-
cate at the extremities, about 750 m. [x] long, 650-675 m. {x]
thick. Spiral-cells convex, showing 12-13 convolutions, the
apices somewhat swollen. Basal orifice relatively small, about
60 m. [u] across.

Remarks—Groves (1925, p. 12) stated that the de-
scription was based on three specimens from the Cre-
taceous of Brewster County, Tex., at a depth of 3,375

a 6 C

FIGURE 6.—Sphaerochara brewsterensia (Groves) ; after Groves (1925).
a, lateral view; b, basal view; ¢, summit view (X 42).

feet. The location of the types was not given, and I
have not studied specimens that represent this species.
The figures and description indicate that the species
should be referred to the Genus Sphaerochara.
Ocourrence.—Cretaceous of Brewster County, Tex.,
at a depth of 3,375 feet.
Types—Depository unknown.
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Genus OBTUSOCHARA Midler, 1952

Type species—Obtusochara prima Midler, from the
Kimmeridgian of Germany, by monotypy.

Diagnosis—Gyrogonite small, the summit trun-
cated, without sunken furrows, the spiral cells coming
together normally. (Translated from Midler, 1952,
p- 86.)

Remarks—1t is a little difficult to visualize just what
is encompassed in Midler’s definition of the Genus
Obtusochara. He proposes the name (1952, p. 8) for
gyrogonites on which the spiral cells converge uni-
formly on a flattened summit without becoming nar-
rower or in any way depressed on the edge of the sum-
mit. He points out that these characters do not dif-
ferentiate the Genus Obtusochara from Chara but that
species of Chare with flattened summits are always ap-
proximately 1 millimeter in diameter and the fossils
referred to Obtusochara are about half that size. The
single species referred to Obtusochara by Midler is
stated as ranging from 3815u-350x in length and
245p—285p in width. He also states that Aclistochara
mitella Peck and Reker, from the Paleocene of Wyom-
ing, probably belongs here. A. mitella was described
as ranging from 650y to 730x in length and 520x to
630x in width, so evidently Midler considered that
there was a considerable size range within the Obtuso-
chara species.

Obtusochara cylindrica (Peck)
Plate 6, figures 14

Aclistochare cylindrica Peck, 1941, Jour. Paleontology, v. 15,
D. 291-292, pl. 42, figs. 38, 39, 41-44.

Diagnosis—Gyrogonites elongate, subcylindrical,
with pointed projecting bases and flattened summits,
of medium size, averaging 600 in length and 400u in
width. Spiral ridges on most specimens cellular, broad,
gently convex, a few specimens with intercellular ridges
showing marked median line formed by lateral con-
tacts of cells; calcification fairly complete on all speci-
mens. Summit flattened, calcification of spirals de-
creases as they pass onto summit area. Seven to ten
spiral ridges in lateral view.

Minimum and maximum length of 100 specimens is
500p and 700y ; minimum and maximum width 350 and
430y, respectively.

Remarks—Representatives of 0. cylindrica are al-
most twice as large as those of O. madleri. These are
the only species of the genus recorded from the Lower
Cretaceous.

Occurrence.—Draney limestone and lower Bear River
(Aptian) localities.

7ypes—Holotype, 31015-5 ; paratypes, 31016-1 ; Uni-
versity of Missouri. Figured specimens other than

types, no. 504; U. S. Geological Survey type algae
collection, Denver, Colo.

Obtusochara madleri Peck, n. sp.

Plate 6, figures 5-8

Diagnosis—Small subcyclindrical gyrogonites rang-
ing from 250p to 3004 in length and 200y to 225u in
width, with rounded bases and flattened summit areas.
Spiral ridges intercellular, sharp and narrow, making
approximately 114 turns in their ascent and turning
rather abruptly into a horizontal position on summit,
meeting in center of summit at a point or along a short
irregular line. Calcification very thin on summit area;
intercellular ridges reduced in height, and spirals on
summit broken away on many specimens, leaving a shal-
low concavity. Basal opening minute; summit open-
ing not present. Seven or eight spiral ridges in a
lateral view.

Remarks—The description is based on about 50 speci-
mens. Representatives of the species are small, thin-
walled, and delicate, but they are uniform in size, shape,
number of spirals, and summit characters. The spe-
cies somewhat resembles very small specimens of Aclis-
tochara bramsoni, but the construction of the summit
area is different. The specific name is in honor of Herr

K. Midler of Germany.

Occurrence—Known only from a shale facies of the
Lakota sandstone in road cut on north side of Fall River
road 8.2 miles southeast of Hot Springs, S. Dak., paleo-
botanical locality D286.

Types—Holotype, 370; paratypes, 371-873; U. S.
Geological Survey type algae collection, Denver, Colo.

Genus PRAECHARA Horn af Rantzien, 1954

Type species—Praechara madleri Horn af Rant-
zien, by original designation.

Diagnosis—Horn af Rantzien (1954a) diagnosis was
as follows:

Fossil Characeae of the subfamily Chareae represented by
small, medium-sized or large, terete gyrogonites of oblong or
ovoid shape. Apical pole # conically protruding. Enveloping
cells 5, sinistrally spiralled, without inclination to form tuber-
cles, turning towards one another apically at a point, along a
short broken line, or leaving a small rounded opening. The
convolutions do not form a grooved zone of weakly calcified
cells in the apical periphery, and do not expand towards the
center. Basal pole rounded or slightly protruding, the en-
veloping cells turned in towards the small, rounded basal pore
without any change of shape. Oospore membrane thin, its
structure unknown.

Remarks.—Fossil gyrogonites on which the calcareous
spirals turn on to and meet in the center of the summit
area without modification have always been trouble-
some to the systematist. These forms are similar to
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the lime shells of the living Charophyta, and most work-
ers have been content to refer them to the Genus
Chara. Strong objections have been made to this pro-
cedure (Peck, 1953, p. 219), and recent articles (Mad-
ler, 1952 ; Horn af Rantzien, 1954a) have differentiated
several genera among this group.

Midler (1952) pointed out that many of the gyrog-
onites differed greatly in shape and size from the
modern Genus Chare and defined two new genera.
The Genus Sphaerochara includes large spherical gyrog-
onites which differ in shape from lime shells of Chara,
and the Genus Obtusochara includes small forms with
flat summits. In the same paper Midler referred sev-
eral species to the modern Genus Tolypella. Horn af
Rantzien (1954a, p. 13) defined a new genus, Praechara
as—

* * * 3 much needed generic designation of such gyrogonites
from geologically old formations as are superficially rather alike
the recent genera of the subfamily Chareae and occasionally
also Tolypella of the Nitelleae. The genus is defined to include
gyrogonites whose external morphological characters differ
significantly from those of recent genera, or whose anatomical

similarity with the living genera has not been proved close
enough for identification.

In his discussion of the Genus Pracchara on page 59
he further states that—

Gyrogonites of this group are of varying sizes, occasionally
fairly large. They are of oblong, oblong-ovoid, or ovoid shapes,
and a further characteristic is that both poles are often conical
and protruding—at least always the apical pole.

There are a considerable number of gyrogonites in
the Mesozoic strata that superficially, at least, greatly
resemble the lime shells of Chara and Tolypella. 1f we
are to follow the reasoning of Croft (1952, p. 214) that
only such forms should be referred to the living genera
as can be proved to belong there and that all others
should be assigned to form genera, then Praechara Horn
af Rantzien is a valid form genus and should be so
recognized.

Praechara voluta (Peck)

Plate 7, figures 22-27

Ohara voluta Peck, 1937, Jour. Paleontology, v. 11, p. 85, pl. 14,
figs. 16-19.
Peck, 1941, Jour. Paleontology, v. 15, p. 289, pl. 42, figs.
12-14.

Diagnosis—Small obovoid, ellipsoid, or terete gyrog-
onites ranging from 300u to 450y in length and 200
to 400p in maximum diameter. Spiral ridges inter-
cellular, narrow and sharp, separated by fairly wide
and deep cellular furrows. Nine spiral ridges normal
in lateral view, a few specimens with 7 or 8. Spirals
continue onto summit without change in size, shape, or
degree of calcification to meet in a point or along a short
irregular line.

Remarks—In the Jurassic and Lower Cretaceous
nonmarine sediments of the Rocky Mountains area,
there are many small gyrogonites that invariably are
somewhat pointed at the ends and have conspicuous
cellular furrows with intervening sharp intercellular
ridges. They are thin walled, and many are crushed
and distorted. The spirals meet in the center of the
summit without modification. These forms are widely
distributed but never abundant in any one sample. It
is possible that more than one species is represented, but
because of the lack of distinguishing characters and the
tendency toward distortion, I have been unable to satis-
factorily divide them.

P. voluta closely resembles specimens described as
Tolypella minuta Madler from the Kimmeridigan of
Germany.

Oceourrence.—Widespread but never abundant in the
Morrison, Lower Cretaceous Aptian formations, and
Bear River (Albian) formation.

Types—Holotype, 31011-5; paratypes, 381018-5;
University of Missouri. Figured specimens, 448, 459~
461, 489-490; U. S. Geological Survey type algae col-
lection, Denver, Colo.

Praechara symmetrica Peck, n. sp.
Plate 7, figures 13-16

Diagnosis—Small spheroidal gyrogonites with
pointed bases and broadly rounded to slightly pointed
summits. Range in length from 450p to 550x and in
width from 875x to 450p. Cellular furrows broad,
about T5u, shallow, and separated laterally by low nar-
row intercellular ridges. Eight or nine spiral ridges in
lateral view. Spirals ascend onto summit, broaden
slightly on summit area, and end near a point in center
without leaving a summit opening. Basal opening
small and pentagonal. Walls of gyrogonite very thin;
many specimens crushed. .

Remarks—The description is based on 20 specimens
from a single locality. P. symmetrica is larger than
P. voluta, more spheroidal in shape, has shallower cellu-
lar furrows, and lacks the strongly pointed summit.
The two species occur together and can be readily
differentiated.

Representatives of P. syminetrica with low intercellu-
lar ridges and broad, shallow cellular furrows resemble
the interior fillings of gyrogonites and were so inter-
preted until sectioning proved the presence of a thin
gyrogonite wall.

Occurrence—Shale facies of Lakota sandstone (Ap-
tian) in road cut on north side of Fall River road 3.2
miles southeast of Hot Springs, S. Dak., paleobotanical
locality D286.

T'ypes—Holotype, 874; paratypes, 375-377; U. S.
Geological Survey type algae collection, Denver, Colo.
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Praechara glypta (Peck)
Plate 8, figures 1, 2

Gyrogonites glyptus Peck, 1934, Am. Jour. Sci., 5th ser.,, v. 27,
p. 52-53, pl. 1, figs. 7-9.
Horn af Rantzien, 1954, Opera Botanica, v. 1:2, pl. 6,
fig. 1.

Diagnosis—Gyrogonite obovoid to subspheroidal,
small, about 350u to 400u in height, higher than wide,
with greatest transverse diameter slightly above mid-
height. Spiral ridges intercellular, narrow, closely
spaced, and making approximately two complete turns.
Ten or eleven ridges are visible in a side view.

Remarks.—This species is based on three poorly pre-
served syntypes, and additional material has not been
collected. The species needs additional study based on
a larger collection.

The summit of the one complete syntype is poorly
preserved, and details of the structure have not been
determined. The spirals appear to meet in the center
of the summit.

P. glypta was described as a Triassic species. It is
from the Gypsum Spring formation (Bajocian) from
near Lander, Wyo.

Ocourrence~—One of the limestones in upper part
of Gypsum Spring formation near Lander, Wyo.

Types—Syntypes, 31007-5, University of Missouri.
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FIGURR 7.—Praechara? texensis
Groves (1925).
(X 40).

(Groves), after
a, lateral view; b, swnmit view

Praechara? texensis (Groves)
Figure 7
Chara texensis Groves, 1925, Am. Jour. Sci., 5th ser., v. 10, p. 13,
text figs. 2, 2a, 2b.
Groves, 1933, Fossilium Catalogus, Plantae, pt. 19, p. 32.

Diagnosis—Groves’ (1925) description of the essen-
tial characteristics are as follows:

Oogonium [gyrogonite] ellipsoid terete tapering somewhat
at both ends, about 525-600 m. [z] long, 400450 m. [x] thick.
Spiral-cells showing about 12 convolutions, mostly fiattened or
concave. Basal orifice about 30 m. [u] across.

Remarks—Groves (1925, p. 18) stated that the de-
scription was based on 26 specimens, many of them im-
perfect and flattened. The location of the types was
not given, and I have not studied specimens that repre-
sent the species. It is probable that the species should
be referred to the Genus Praechara.

Occurrence—Cretaceous of Brewster County, Tex.,
at a depth of 3,375 feet.
Types—Depository unknown.

Genus CHARAXIS Harris, 1939

Diagnosis—Harris (1939, p. 67) described the essen-
tial characteristics of the genus as follows:

Vegetative charophyte organs agreeing in so far as they are
known with Charae. Stem consisting of nodes and internodes;
internode composed of a central cell surrounded by a ring of
primary cortical cells which grow up and down from the nodes;
and may cut off secondary cortical cells at their sides, primary
cortical cells giving rise to spine cells. Leaves [branchlets] as
in Chara, either corticated in the same way as the stem, or un-
corticated.

Remarks—Charaxis Harris is a form genus estab-
lished to contain preserved vegetative materials that
agree, in so far as known, with the living Genus Chara.
Harris (1939, p. 67) states that, as Charawis is probably
an artificial genus, it would be meaningless to select a
type species. Horn af Rantzien (1956, p. 246) states
that, as Charaxis durlstonense Harris is the best known
species, it might be chosen as a lectotype.

Charaxis striatus Peck, n. sp.
Plate 3, figures 10-12

Diagnosis.—Small vegetative remains consisting of
nodes and internodes. Internodes range from 300u to
600y in length and from 1504 to 250 in width. Diam-
eter of central tube about one-third total diameter of
internode. Central tube is enclosed by 7 or 8 fairly
large vertical cortical tubes. Outside part of internode
consists of about 21 secondary cortical tubes that did
not calcify on exterior and are represented by vertical
furrows. Secondary cortical tubes extend toward cen-
ter of internode from each node, meeting in about cen-
ter of internode along small transverse ridges. Sharp
bladelike partitions between primary cortical tubes ex-
tend beyond ends of internodes.

Nodes small, with seven lateral openings indicating
attachment of branchlets.

Remarks.—The description is based on 30 internodal
fragments and 1 node. The internodes differ from
sections of modern Chare in the comparatively small
size of the central tube and in having the secondary
cortical cells entirely outside the primary. These vege-
tative parts are associated with abundant specimens of
Stellatochara mundula, Praechara voluta, Sphaero-
chara latifasciata, and Sphaerochara stantoni. There
is no evidence at hand that indicates which, if any, of
these species of gyrogonites belong to the vegetative
parts.

Occurrence—Bear River formation (paleobotanical
locality 299), Uinta County, Wyo.
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Types—Holotype (an internode), 473; paratypes
(internodes and a node) , 474475 ; U. S. Geological Sur-
vey type algae collection, Denver, Colo.
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PLATE 1

[All specimens from the Morrison formation]

Ficures 1-22. Echinochara spinosa Peck, n. gen., n. sp. (p. 22).

1. Fertile node and part of internode, X 20. USGS type algae 339, paleobotauical loc. D282, Fall River County,
S. Dak.

2. Paratype, three fertile nodes showing spiral internal fillings of gyrogonites (acidized specimen), X 16. USGS
type algae 329, paleobotanical loc. D282, Garfield County, Colo.

3. Section through internode showing central tube and cortical tubes, X 18. USGS type algae 342, pa.leobotamca]
loc. D283, Fall River County, 8. Dak.

4. Paratype, fertile node showing detail of utricle formation (acidized specimen), X 20. USGS type algae 330.
paleobotanical loc. D282, Garfield County, Colo.

5. Section through fertile node and part of internode showing central tube, cortical cells, spine cells, gyrogonites,
and utricles, X 18. USGS type algae 340, paleobotanical loc. D283, Fall River County, S. Dak.

6. Section through two fertile nodes of branchlet, X 18. USGS type algae 350, paleobotanical loc. D285, Carbon
County, Wyo. .

7. Internode, slightly weathered, X 20. USGS type algae 341, paleobotanical loc. D283 Fall River County,
S. Dak.

8. Section of fertile node showing central tube, 4 gyrogonites, spine cells of utricles, and 6 cortical tubes, X 25.
USGS type algae 348, paleobotanical loc. D284, Larimer County, Colo.

9. Paratype, internode showing cortical tubes and spines (acidized specimen) X 18. In upper part of the speci-
men the spines point downward, and in the lower part they point upward; descending and ascending cortical
tubes interfinger in the center. USGS type algae 331, paleobotanical loc. D282, Garfield County, Colo.

10. Section of small internode cut near a node, X 18. Central tube surrounded by six cortical tubes. USGS
type algae 343, paleobotanical loc. D283, Fall River County, S. Dak.

11-13. Paratypes, cortical tubes (acidized) showing detail of spine development, X 30. USGS type algae 332,
415, 447, paleobotanical loc. D282, Garfield County, Colo.

14. Paratype, acidized internode showing detail of central tube, corticel tubes, and spines, X 20. USGS type
algae 333, paleobotanical loc. D282; Garfield County, Colo.

15. Section of internode showing central tube and cortical tubes, X 18. USGS type algae 344, paleobotanical
loc. D283, Fall River County, S. Dak.

16. Paratype, part of stem with attached branchlet (acidized specimen) X 15. USGS type algae 334, paleo-
botanical loc. D282, Garfield County, Colo.

17. Paratype, node and part of internode showing arrangement of spines, X 15. USGS type algae 335, paleo-
botanical loc. D282, Garfield County, Calo.

18. Section through part of internodes and fertile node from which oogonia and utricles have been lost, X 18.
USGS type algae 345, paleobotanical loc. D283, Fall River County, S. Dak.

19. Paratype, end view of acidized fertile node showing central tube and construction details of utricles, X 20,
(compare with fig. 4). USGS type algae 336, paleobotanical loc. D282, Garfield County, Colo.

20. Section of internode, X 18. TUSGS type algae 346, paleobotanical loc. D283, Fall River County, S. Dak.

21. Paratype, fertile node from which one oogonium, nearest observer, has been lost (acidized specimen), X 20..
USGS type algae 337, paleobotanical loc. D282, Garfield County, Colo.

22. Branchlet with 7 fertile nodes, X 10. USGS type algae 351, psleobotanical loc. D285, Carbon County, Wyo.









PLATE 2

[All figures X 40 unless otherwise indicated]

F1GURE 1-5. Atopochara trivelvis Peck (p. 20).

1, 3, 4. Basal, summit, and lateral views of utricles. USGS type algae 401, 402, 403, paleobotanical loc. D291.

2. Lateral view of utricle. USGS type algae 472, paleobotanical loc. D298,

5. Exfoliated utricle and gyrogonite filling. USGS type algae 514, paleobotanical loe. D307. All specimens
from the Draney limestone, Caribou County, Idaho.

6-8. Atopochara mulitvolvis Peck, n. sp. (p. 21).

6, 7. Paratypes, lateral and basal views of utricles, X 30. USGS type algae 384, 385.

8. Holotype, lateral view, X 30. USGS type algae 383. Types from paleobotanical loc. D288, Tropic shale,
Garfield County, Utah.

9-20. Clavator harrisi Peck (p. 14).

9. Lateral view of utricle. USGS type algae 378, paleobotanical loc. D278, Peterson limestone, Caribou County,
Idaho.

10. Lateral view of large utricle. USGS type algae 352, paleobotanical loc. D286, Lakota sandstone, Fall River
County, S. Dak.

11, Summit view of utricle. Univ. Missouri 31017-2, USGS paleobotanical loc. D307, Draney limestone,
Caribou County, Idaho.

12, 20. Partly exfoliated utricle showing gyrogonite, and lateral view of utricle. Univ. Missouri 31018-2. Peter-
son limestone, 1 mile east of Smith’s Fork Ranger Station on Lander’s cut-off, Lincoln County, Wyo.

13. Section through utricle and gyrogonite, showing hollows in the spirals, X 45. USGS type algae 355, pale-
obotanical loc. D286, Lakota sandstone, Fall River County, S. Dak.

14, Utricle, basal view. USGS type algae 353, paleobotanical loc. D286, Lakota sandstone, Fall River County,
8. Dak.

15. Utricle, lateral view. TUniv. Missouri, 31017-5. Draney limestone, Freedom quadrangle, Caribou County,
Idaho.

16. Holotype, lateral view. Univ. Missouri, 31017-1. Draney limestone, Freedom quadrangle, Caribou
County, Idaho.

17, Gyrogonite, lateral view. USGS type algae 356, placobotanical loc. D286, Lakota sandstone, Fall River
County, 8. Dak.

18. Gyrogonite with part of the utricle, lateral view. USGS type algae 357, paleobotanical loc. D286, Lakota
sandstone, Fall River County, S. Dak.

19. Summit view of partially exfoliated gyrogonite. USGS type algae 354, paleobotanical loc. D286, Lakota
sandstone Fall River County, S. Dak.

21-25. Echinochara spinosa Peck, n. gen., n. sp. (p. 22).

21, 22. Utricles, lateral views. USGS type algae 347, 507, paleobotanical loc. D283, Morrison formation, Fall
River County, S. Dak.

23. Holotype, lateral view of gyrogonite filling and utricle cells (acidized specimen). USGS type algae 328,
paleobotanical loc. D282, Garfield County, Colo.

24, Section through utricle and gyrogonite, X 50, USGS type algae 349, paleobotanical loc. D284, Morrison
formation, Larimer County, Colo.

25. Paratype, lateral view of gyrogonite filling and utricle (acidized specimen). USGS type algae 338, paleo-
botanical loc. D282, Garfield County, Colo.



Ficures 1-9

PLATE 3

. Perimneste corrugata Peck (p. 19).

1-5. Four lateral views and end view of one specimen, X 40. USGS type algae 382.

6, 7. Lateral views, X 40. TUSGS type algae 379, 380.

8, 9. Lateral and end views of same specimen, X 40, USGS type algae 381. All specimens from paleobotanical
loc. D287, Peterson limestone, Caribou County, Idaho.

10-12. Charazis striatus Peck, n. sp. (p. 40).

10. Paratype, lateral view of node, X 60. USGS type algae 474.

11. Holotype, lateral view of internode, X 60. TUSGS type algae 473.

12. Paratype, end view of internode, X 60. USGS type algae 475. Types from paleobotanical loc. D299,
Bear River formation, Uinta County, Wyo.

13-19. Clavator bilateralis Peck, n. sp. (p. 17).

20-24

25-35

13, 14. Paratypes, lateral views of utricles, X 40. USGS type algae 463, 464.

15. Paratype, summit view of utricle, X 40. USGS type algae 465.

16, 17. Paratypes, lateral views of utricles, X 40. USGS type algae 466, 467.

18. Holotype, lateral view of utricle, X 40. USGS type algae 462.

19. Paratype, section through utricle and gyrogonite filling, X 40. USGS type algae 468. Types from paleo-
botanical loe. D297, Cloverly formation, Fremont County, Wyo.

. Clavator minutus Peck, n. sp. (p. 17).

20. Holotype, lateral view of utricle, X 40. USGS type algae 358,

21. Paratype, section through utricle and gyrogonite filling, X 70. USGS type algae 362.

22. Paratype, summit view of utricle, X 40. USGS type algae 359.

23, 24. Paratypes, lateral views of utricles, X 40. USGS type algae 360, 361. Types from paleobotanical loc.
D286, Lakota sandstone, Fall River County, S. Dak.

. Stellatochara mundula (Peck) (p. 29).

25. Holotype, lateral view of gyrogonite, X 60. Univ. Missouri 31016-5, Draney limestone, Freedom quadrangle,
Caribou County, Idaho.

26. Section through gyrogonite, X 70. USGS type algae 476.

27. Lateral view of small eylindrical gyrogonite, X 60. USGS type algae 477.

28. Lateral view of silicified gyrogonite filling—the spiral walls have been dissolved in acid, X 60. USGS type
algae 478.

29. Summit view of gyrogonite, X 60. Univ. Missouri 31016-3.

30. Lateral view of gyrogonite, X 60. USGS type algae 479.

31. Lateral view of gyrogonite, X 60. TUSGS type algae 480.

32. Lateral view of gyrogonite, X 60. TUSGS type algae 481.

33. Basal view of gyrogonite, X 60. USGS type algae 482.

34. Lateral view of large gyrogonite, X 60. Univ. Missouri 31016-3.

35. Lateral view of gyrogonite, X 60. USGS type algae 483. TFigures 26-35 from paleobotanical loc. D299,
Bear River formation, Uinta County, Wyo.

36-39. Aclistochara rotunda Peck, n. sp. (p. 28).

36. Lateral view of gyrogonite, X 60. USGS type algae 430, paleobotanical loc. D293, Morrison formation,
Niobrara County, Wyo.

37. Paratype, summit view of gyrogonite, X 60. USGS type algae 433, paleobotanical loc. D294, Piper formation,
Fergus County, Mont.

38. Basal view of gyrogonite, X 60. USGS type algae 431, paleobotanical loc. D293, Morrison formation,
Niobrara County, Wyo.

39. Holotype, lateral view of gyrogonite, X 60. USGS type algae 432, paleobotanical loc. D294, Piper forma-
tion, Fergus County, Mont.









Ficures 1-14.

PLATE 4

[All specimens X 60 except figs. 1 and 5]

Aclistochara bransoni Peck (p. 26).

1. Section of gyrogonite, X 90. USGS type algae 511, paleobotanical loc. D306, Salt Wash member of the
Morrison formation, Mesa County, Colo.

2. Basal view of gyrogonite. USGS type algae 404, paleobotanical loc. D292, Morrison formation, Converse
County, Wyo.

3. Lateral view of gyrogonite with spiral cells almost filled. USGS type algae 405, paleobotanical loc. D292,
Morrison formation, Converse County, Wyo.

4. Holotype, lateral view of gyrogonite. Univ. Missouri 31012-1, lower part of the Morrison formation 18
miles north of Rawlins, Carbon County, Wyo.

5. Section of gyrogonite, X 90. USGS type algae 429, paleobotanical loc. D293, Morrison formation, Nio-
brara County, Wyo.

6. Summit view of gyrogonite showing summit closure. USGS type algae 450, paleobotanical loc. D296, Mor-
rison formation, Crook County, Wyo.

7. Lateral view of small gyrogonite. USGS type algae 451, paleobotanical loc. D296, Morrison formation,
Crook County, Wyo.

8. Summit view of gyrogonite. USGS type algae 512, paleobotanical loc. D306, Morrison formation, Mesa
County, Colo.

9. Lateral view of small gyrogonite. USGS type algae 508, paleobotanical loe. D304, Morrison formation,
Carbon County, Wyo.

10. Lateral view of gyrogonite. USGS type algae 513, paleobotanical loc. D306, Morrison formation, Mesa
County, Colo.

11. Summit view of small gyrogonite with one of the spiral ends missing. USGS type algae 452, paleobotanical
loc. D296, Morrison formation, Crook County, Wyo.

12. Summit view of gyrogonite. USGS type algae 406, paleobotanical loc. D292, Morrison formation, Con-
verse County, Wyo.

13. Lateral view of gyrogonite with spirals almost filled. USGS type algae 453, paleobotanical loc. D296, Mor-
rison formation, Crook County, Wyo.

14. Lateral view of large gyrogonite with small number of spirals in lateral view. USGS type algae 407, paleo-
botanical loc. E292, Morrison formation, Converse County, Wyo.

15-18.  Aclistochara complanata Peck, n. sp. (p. 27).

15. Paratype, lateral view of gyrogonite. USGS type algae 409.

16. Paratype, basal view of gyrogonite. USGS type algae 410,

17. Holotype, lateral view of gyrogonite. USGS type algae 408.

18. Paratype, summit view of gyrogonite. USGS type algae 411. Types from paleobotanical loc. D292,
Morrison formation, Converse County, Wyo.

19-22. Aclistochara jonesi Peck (p. 26).

19. Summit view of small gyrogonite. USGS type algae 454, paleobotanical loc. D296, Morrison formation,
Crook County, Wyo.

20. Holotype, lateral view of gyrogonite. Univ. Missouri 31012-5, lower part of the Morrison formation, 18
miles north of Rawlins, Carbon County, Wyo.

21. Summit view of gyrogonite. USGS type algae 455, paleobotanical loc. D296, Morrison formation, Crook
County, Wyo.

22. Lateral view of gyrogonite. USGS type algae 456, paleobotanical loc. D296, Morrison formation, Crook
County, Wyo.

23-29. Aclistochara latisuleata Peck, n. sp. (p. 27).

23. Section of gyrogonite showing the thick walls. USGS type algae 501, paleobotanical loc. D301, Morrison
formation, Larimer County, Colo.

24. Section of gyrogonite. USGS type algae 502, paleobotanical loc. D301, Morrison formation, Larimer
County, Colo.

25, 29. Paratype, lateral and basal views of gyrogonite. USGS type algae 413.

26, 27. Holotype, summit and lateral views of gyrogonite. USGS type algae 412.

28. Paratype, lateral view of gyrogonite. USGS type algae 414. Types from paleobotanical loc. D292, Mor-
rison formation, Converse County, Wyo.



PLATE 5

[All specimens X 80 except figs. 33 and 36]

Ficures 1-4. Latochara coliina Peck, n. sp. (p. 33).
1, 2. Holotype, summit and lateral view of gyrogonite. USGS type algae 497.
3, 4. Paratypes, lateral views of gyrogonites. USGS type algae 498, 499. Types from paleobotanical loc. .
D300, Salt Wash member of the Morrison formation, San Miguel County, Colo.
5, 6, 8, 9. Latochara concinna Peck, n. sp. (p. 34).
5, 6. Holotype, lateral and summit views of gyrogonite. USGS type algae 509, paleobotanical loc. D305, Morri-
son formation, Fremont County, Colo. :
8. Lateral view of small gyrogonite. USGS type algae 416, paleobotanical loc. D292, Morrison formation, Con-
verse County, Wyo.
9. Paratype, lateral view of gyrogonite with summit structure not preserved. USGS type algae 510, paleo-
botanical loc. D305, Morrison formation, Fremont County, Colo.
10-12. Latochara tenuicostata Peck, n. sp. (p. 34).
10. Paratype, lateral view of gyrogonite. USGS type algae 470.
11. Holotype, summit view of gyrogonite. USGS type algae 469.
12. Paratype, lateral view of gyrogonite. USGS type algae 471. Types from paleobotanical loc. D297, Cloverly
formation, Fremont County, Wyo.
13-16. Tectochara grambastorum Peck, n. sp. (p. 35).
13. Holotype, summit view of gyrogonite. USGS type algae 363.
14, 15. Paratypes, lateral and basal views of gyrogonites. USGS type algae 364, 365.
16. Paratype, summit view of gyrogonite—swollen tips of spirals have been lost. USGS type algae 366. Types
from paleobotanical loc. D286, Lakota sandstone, Fall River County, S. Dak.
17-19. Latochara bellatula Peck, n. sp. (p. 35).
17. Paratype, summit view of gyrogonite. USGS type algae 368.
18. Paratype, lateral view of gyrogonite, slightly tilted to show summit structure. USGS type algae 369.
19. Holotype, lateral view of gyrogonite. USGS type algae 367. Types from paleobotanical loc. D286, Lakota
sandstone, Fall River County, S. Dak.
20. “Clavator” grovesi Harris (35).
Univ. Missouri, 31022-2. Purbeck of England. Introduced here for comparison.
7, 21-33. Latochara latitruncata (Peck) (p. 32).
7, 29. Summit and lateral views of well-preserved gyrogonite. USGS type algae 417, paleobotanical loc. D292,
Morrison formation, Converse County, Wyo.
21. Lateral view of gyrogonite. USGS type algae 418, paleobotanical loc. D292, Morrison formation, Converse
County, Wyo.
22. Lateral view of large gyrogonite. USGS type algae 419, paleobotanical loc. D292, Morrison formation,
Converse County, Wyo.
23. Lateral view of gyrogonite with summit structure not preserved. USGS type algae 388, paleobotanical loe.
D290, Brushy Basin shale member of the Morrison formation, Emery County, Utah.
24. Summit view of gyrogonite. USGS type algae 457, paleobotanical loc. D296, Morrison formation, Crook
County, Wyo.
25. Basal view of gyrogonite. USGS type algae 389, paleobotanical loc. D290, Brushy Basin shale member of
the Morrison formation, Emery County, Utah.
26. Summit view of gyrogonite with summit structure not preserved. USGS type algae 390, paleobotanical loc.
D290, Brushy Basin shale member of the Morrison formation, Emery County, Utah.
27. Holotype, lateral view of gyrogonite. Univ. Missouri 31013-4, Morrison formation 3 miles south of Mayo-
worth, Johnson County, Wyo.
28. Lateral view of small gyrogonite. USGS type algae 420, paleobotanical loc. D292, Morrison formation,
Niobrara County, Wyo.
30. Lateral view of gyrogonite with deep cellular furrows and small number of spirals. USGS type algae 421,
paleobotanical loc. D292, Morrison formation, Niobrara County, Wyo.
31. Lateral view of gyrogonite with cellular ridges. USGS type algae 422, paleobotanical loc. D292, Morrison
formation, Niobrara County, Wyo.
32. Summit view of gyrogonite. USGS type algae 391, paleobotanical loc. D290, Morrison formation, Emery
County, Utah.
33. Section of gyrogonite. USGS type algae 423, paleobotanical loc. D292, Morrison formation, Niobrara
County, Wyo.
34-36. Latochara spherica Peck, n. sp. (p. 33).
34, 35. Holotype, lateral and basal views of gyrogonite. USGS type algae 386.
36. Paratype, section through gyrogonite. USGS type algae 387. Types from paleobotanical loc. D289, Salt
Wash member of the Morrison formation, San Juan County, Utah.









Figures 1-4.
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PLATE 6

[All specimens X 60]

Obtusochdra cylindrica (Peck) (p. 38).
1. Holotype, lateral view of gyrogonite. Univ. Missouri 31015-5.
2, 4. Paratypes, summit and basal views of gyrogonites. Univ. Missouri 31016-2. Types from the Draney lime-
stone in Tineup creek canyon, 8 miles west of Freedom, Freedom quadrangle, Caribou County, Idaho.
3. Lateral view of gyrogonite. USGS type algae 504, paleobotanical loc. D303, Gannett group, probably Draney
limestone, Lincoln County, Wyo.
Obtusochara madleri Peck, n. sp. (p. 38).
5. Holotype, summit view of gyrogonite. USGS type algae 370.
6. Paratype, basal view of gyrogonite. USGS type algae 371.
7. Paratype, lateral view of gyrogonite. USGS type algae 372.
8. Paratype, lateral view of gyrogonite. USGS type algae 373. Types from paleobotanical loec. D286, Lakota
sandstone, Fall River County, S. Dak.
Stellatochara sublaevis Peck, n. sp. (p. 31).
9, 10. Holotype, lateral and summit views of gyrogonite. USGS type algae 434.
11. Paratype, basal view of gyrogonite. USGS type algae 435.
12. Paratype, section through gyrogonite. USGS type algae 437.
13. Paratype, lateral view of gyrogonite. USGS type algae 436. Types from paleobotanical loc. D294, Piper
formation, Fergus County, Mont.
Stellatochara arguta Peck, n. sp. (p. 31).
14. Section of gyrogonite. Specimen lost after preparation of plate.
15. Paratype, summit view of gyrogonite. USGS type algae 393.
16-19. Paratypes, lateral views of gyrogonites. USGS type algae 394, 395, 396, 397.
20. Paratype, lateral view of small gyrogonite with short vertical axis. USGS type algae 398.
21. Holotype, lateral view of gyrogonite. USGS type algae 392.
22. Paratype, summit view with distal portion of one spiral broken away. USGS type algae 399.
23. Paratype, lateral view of gyrogonite. USGS type algae 400. Types from paleobotanical loe. D290, Brushy
Basin shale member of the Morrison formation, Emery County, Utah.
Stellatochara obovata (Peck) (p. 30).
24. Basal view of gyrogonite. USGS type algae 500, paleobotanical loc. D301, Morrison formation, Larimer
County, Colo.
25. Lateral view of gyrogonite. USGS type algae 424, paleobotanical loc. D292, Morrison formation, Converse
County, Wyo.
26. Silicified internal filling of gyrogonite, the spirals walls have been dissolved in acid. USGS type algae 449,
paleobotanical loec. D295, Morrison formation, Fergus County, Mont.
27. Summit view of gyrogonite. USGS type algae 425, paleobotanical loc. D292, Morrison formation, Converse
County, Wyo.
28. Lateral view of gyrogonite that lacks the basal projection. USGS type algae 426, paleobotanical loc. D292
Morrison formation, Converse County, Wyo.
29. Section of gyrogonite. USGS type algae 428, paleobotanical loc. D292, Morrison formation, Converse
County, Wyo.
30. Holotype, lateral view of gyrogonite. Univ. Missouri 31012-4. Morrison formation, 18 miles north Rawlins,
Carbon County, Wyo.
31. Lateral view of gyrogonite. USGS type algae 427, paleobotanical loc. D292, Morrison formation, Converse
County, Wyo.
32. Lateral view of gyrogonite. USGS type algae 505, paleobotanical loe. D304, Morrison formation, Carbon
County, Wyo.
33, 34. Summit and lateral views of gyrogonite. USGS type algae 506, paleobotanical loc. D304, Morrison forma-
tion, Carbon County, Wyo.



PLATE 7

[All specimens X 60 except fig. 1]

Figures 1-12. Sphaerochara verticillata (Peck) (p. 36).
1. Section of gyrogonite, X 90, USGS type algae 438, paleobotanical loc. D295, Morrison formation, Fergus
County, Mont.
2. Summit view of gyrogonite, USGS type algae 439, paleobotanical loc. D295, Morrison formation, Fergus
County, Mont.
3, 9. Basal and lateral views of gyrogonite. USGS type algae 440, paleobotanical loc. D295, Morrison formation,
Fergus County, Mont.
4. Lateral view of gyrogonite. USGS type algae 441, paleobotanical loc. D295, Morrison formation, Fergus
County, Mont.
5. Lateral view of gyrogonite with cellular furrows. USGS type algae 458, paleobotanical loc. D296, Morrison
formation, Crook County, Wyo.
6. Lateral view of small gyrogonite. USGS type algae 442, paleobotanical loc. D295, Morrison formation,
Fergus County, Mont.
7. Lateral view of medium-sized gyrogonite. USGS type algae 443, paleobotanical loc. D295, Morrison forma-
tion, Fergus County, Mont.
8. Lateral view of small gyrogonite. USGS type algae 444, paleobotanical loc. D295, Morrison formation,
Fergus County, Mont.
10. Lateral view of gyrogonite with cellular furrows. USGS type algae 503, paleobotanical loc. D302, Morrison
formation, Jefferson County, Colo.
11. Summit view of gyrogonite with end of one spiral broken away. USGS type algae 445, paleobotanical
loc. D295, Morrison formation, Fergus County, Mont.
12. Lateral view of gyrogonite. USGS type algae 446, paleobotanical loc. D295, Morrison formation, Fergus
County, Mont.
13-16. Praechara symmetrica Peck, n. sp. (p. 39).
13. Paratype, lateral view of gyrogonite. USGS type algae 375.
14. Paratype, basal view of gyrogonite. USGS type algae 376. .
15. Holotype, lateral view of gyrogonite. USGS type algae 374.
16. Paratype, summit view of gyrogonite. USGS type algae 377. Types from paleobotanical loc. D286,
Lakota sandstone, Fall River County, S. Dak.
17-21. Sphaerochara stanton: (Knowlton) (p. 36).
17. Basal view of gyrogonite. USGS type algae 485.
18. Section through gyrogonite. USGS type algae 484.
19. Lateral view of gyrogonite. USGS type algae 486.
20. Summit view of gyrogonite. USGS type algae 487.
21. Lateral view of small gyrogonite. USGS type algae 488, paleobotanical loc. D299. All specimens from the
Bear River formation, Uinta County, Wyo. .
22-27. Praechara voluta (Peck) (p. 39).
22. Lateral view of gyrogonite. USGS type algae 459, paleobotanical loc. D296, Morrison formation, Crook
County, Wyo.
23. Basal view of gyrogonite. USGS type algae 460, paleobotanical loc. D296, Morrison formation, Crook
County, Wyo. .
24. Summit view of gyrogonite. USGS type algae 461, paleobotanical loc. D296, Morrison formation, Crook
County, Wyo.
25. Lateral view of gyrogonite. USGS type algae 489, paleobotanical loc. D299, Bear River formation, Uinta
County, Wyo.
26. Lateral view of gyrogonite. USGS type algae 448, paleobotanical loc. D295, Morrison formation, Fergus
County, Mont.
27. Lateral view of slender gyrogonite. USGS type algae 490, paleobotanical loc. D299, Bear River formation,
Uinta County, Wyo.
28-33. Sphaerochara latifasciata Peck, n. sp. (p. 37).
28. Paratype, basal view of gyrogonite. USGS type algae 492.
29. Paratype, summit view of gyrogonite. USGS type algae 493.
30. Paratype, lateral view of gyrogonite. USGS type algae 494.
31. Paratype, section of gyrogonite. USGS type algae 496.
32." Paratype, lateral view of gyrogonite with tubercles on the spirals. USGS type algae 495.
33. Holotype, lateral view of gyrogonite. USGS type algae 491. Types from paleobotanical loc. D299, Bear
River formation, Uinta County, Wyo.









PLATE 8

[A1l figs. X 60; all figs. except 1, 2 from the Lakota sandstone, USGS Paleobotany loc. D432, Fall River County, 8. Dak.]

Ficures 1-2. Praechara glypta Peck (p. 40).
Lateral views of syntypes, Univ. Missouri 31007-5. Gypsum Spring formation, Fremont County, Wyo.
3-18. Clavator nodosus Peck, n. sp. (p. 15).
. Lateral view of utricle, paratype, USGS type algae 560.
. Basal view of utricle, paratype. USGS type algae 562.
. Lateral view of utricle, holotype. USGS type algae 558.
. Lateral view of utricle, paratype. USGS type algae 563.
. Lateral view of utricle, paratype. USGS type algae 568.
. Utricle attached to branchlet, paratype. USGS type algae 571.
. Lateral view of utricle, paratype. USGS type algae 561.
10. Lateral view of partly exfoliated utricle showing gyrogonite, paratype. USGS type algae 559.
11. Summit view of utricle showing distal open ends of spirals, paratype. USGS type algae 570.
12. Thin section of utricle with part of gyrogonite preserved, paratype. USGS type algae 572.
13. Internode with spine cells covering surface, paratype. USGS type algae 564.
14. Node and parts of internodes, showing attachment scars of branchlets, paratype. USGS type algae 567.
15, 16. Lateral and end views of node and part of internode, showing attachment scars for 6 branchlets, paratype.
USGS type algae 566.
17. End view of broken internode showing central tube and 12 cortical tubes, paratype. USGS type algae 565.
18. Lateral view of internode from which spine cells have been lost, paratype. USGS type algae 569.
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