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SUMMARY.

’ I \HE fossil remains described in this paper represent protective
covers of grains of true grasses and nutlets of herbaceous plants

of the borrage family, accompanied by hackberry (Celtis) stones.
The flora consists of the following forms: ‘
GRASSES,
Panicum (sensu lata) elegans Elias n. sp.
Stipa kansasensis Elias n. sp.

BerriocaLos Elias n. gen.
Berriochloa glabra (]?;erry) Elias n. comb.
Berriochloa (7) aristata (Berry) Elias n. comb,

HERBS OF THE BORRAGE FAMILY.

Biors1a Eliag n, gen. )
Biorbia rugosa (Berry) Elias n. comb.
Krynitzkia (Cryptantha) coroniformis Elias n. sp,
Krynitzkia (Oreocarya) chaneyr Elias n. sp.
Krynitzkia auriculata Elias n. sp. . - -

. (333)' 5 . ‘. L e
21—3668 ' o
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ULMACEM,
Celiis cf, willistons (Cockerell) Berry.

The plant remains were collected in Wallace county and adjacent
territory and come from arenaceous and mostly unsorted continental
deposits of early Pliocene age, which is indicated by the abundance
of remains of Pliohippus leidianus and other typical vertebrates of
this age buried in the same beds. These beds are considered by
modern authorities to represent a flood plain environment of the
Rocky Mountains piedmont. The remains of plants appear to be
buried approximately at the place of their growth. They represent
a rich and mostly herbaceous vegetation of semiarid prairies of early
Pliocene time. The flora seems to indicate a somewhat warmer
climate than that of to-day in the Great Plains region.

INTRODUCTION.

The described plant remains were collected by the writer in
Wallace county, western Kansas, and in Yums county, eastern
Colorado, 1927-1928. Additional material was gathered in the
autumn of 1929 and 1930 during exploration of Wallace county and
other areas for the State Geological Survey of Kansas. The de-
scribed material comes mostly from typical “mortar heds” of the
Ogallala formation.?

The High Plains Tertiary is famous for its rich fauna of mam-
mals, many of which were typical grazing, cursorial animals with
teeth apparently adapted for the grinding of hard herbs. Fossil
remains of these herbs have never been recorded until recently,
however. As early as 1884 John B. Hatcher made a large collection
of Tertiary fruits in Phillips county, Kansas, and deposited them
in the United States National Museum. It was not until 1928 that
this and additional material from Kit Carson county, Colorado,
were described by E. W. Berry, who recognized part of the remains
as stones of Celtis, revising the opinion of Williston and Cockerell
that identical fruits from other localities belong to Tithymalus of
the Euphorbiace. The other fruits were described by Berry as
nutlets of an extinet species of Lithospermum,? the living species of
which herbaceous plant are now widely scattered in temperate and
tropical zones.

Two out of the three varieties of Lithospermum fossilium, Berry
were collected by the writer and are referred in the paper to a true

1. Tor the description of this formation ses Wallace County Report, Elias, 1931,

2. Miss Betty Watt Brooks also contributed a deseripti f itg i
and 1929 and referred it to Celtis. ription of one of these fruits in 1028
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grass Berriochloa (n. gen.) related to Hordeum and others and to a
new extinct genus Biorbia of the Borraginoides-Anchuses subfamily
of the borrage family. Among the new fruits collected by the writer
two represent protective covers of the common grasses, Panicum
and Stipa, while others are nutlets of three new species of Krynitekia
of the borrage family and Celtis stones identical with those deseribed

by Cockerell and Berry.
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Previous Works ox FossiL Herss.

The literature on fossil grasses and other herbaceous angiosperms
is not large and is much scattered. As far as known to the writer,
the remains of these plants have never been a subject of special
study, though incidental descriptions of fossils resembling modeJE'n
grasses, rushes and other herbaceous angiosperms can be found in
some papers dedicated to the remains of trees and shrubs of l?,te
Cretaceous Tertiary, and Quaternary times. The grasslike remains
which have been found occasionally among the foliage of arboreal

8. Except the above referred pioneer work by Berry and Brooks.
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types, which comprise the bulk of paleobotanical collections, usually
consist of fragmentary linear leaves and herbaceous stems, the
reference of which to this or that genus of living grasses is in most
cases quite arbitrary. The determination of meadow grass (Poa-
cites) from the Tertiary of Greenland by so able a paleobotanist as
Heert was criticized by Gardner® and other botanists, while the
occurrence in the Tertiary of Oryza, Panicum, and other genera of
typieal prairic and pampas grasses, was also regarded as question-
able. Engler® concludes that only the presence of Arunde, Phrag-
mites and perhaps of Bambuse was established on sufficient fossil
evidence. Among the very best remains of fossil Gramine: ever
recorded are leaves and stems accompanied by well-preserved fruits
from the “Lower Green River” formation of Colorado described by
Lesquereux” and referred by him to Arundo, the common reed grass
of to-day.

In the last two decades several papers by Eleanore M. Reid, Jules
Weleh and other European authors have appeared, describing large
collections of fossil seeds and fruits from the Pliocene and late
Miocene of England and western Europe. Various types of Cyper-
acese were recognized, always associated with remains of mosses and
with a considerable number of fruits of trees, shrubs and marsh and
water herbaceous angiosperms.® Not a single species resembling
xerophytes of the grass and borrage families has been recognized
among these remains, which is not surprising, as the whole assem-
blage indicates moist and not semiarid soil conditions.

The records of fossil herbs of the borrage family are also very
scarce and the identifications are established mostly on questionable
grounds. Fruits resembling some simple-sculptured nutlets of the
bo.rmge family were described by Heer and Ettingshausen from
Mldflle European Miocene and named Borraginites and Helio-
tropites respectively. However, as Giirke? justly remarks, no ring
at the base of these fruits can be detected, and therefore tiley may
;ﬁﬁ?% }11;((3) 2(;1;1; (;t;i:; :;?Iihe;hs;il:vell. The remains of g little flower,

_ ) was named by Heer Borraginites
myosotzﬂom, resemble flowers of Borraginaces, indeed, but the
e il et o s e o g

aginace® in the Pleistocene is estab-

. Heer, 1883, p. 67,

Gardner, 1886, p, 441,

. In Hackel, 1887, p. 16.
Lesquereux, 1887, pp. 86-91,
Reid, 1920,

Giirke, 1897, p, 80.

2O o
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lished on better grounds, fruits of Myosotis cespitoza being known
in the Pleistocene of Norfolk and nutlets of Lithospermum being
recorded from the Pleistocene of Illinois.

Fruits and leaves of Cordia of the Borraginacee from the Ter-
tiary of Colombia and other areas have been described by Berry
and other authors, but the living species of Cordia are trees and
shrubs, which are classified with the herbaceous plants of the bor-
rage family on the ground of similarity of flowers and fruits.

It is probable that a diligent search through the Tertiary sedi-
ments of semiarid valley-flat environments in North America and
elsewhere will disclose more remains of the types described in this
paper, as they are far from rare in the Ogallala formation of Kan-
sas and northeastern Colorado. Barbour, who described good speci-
mens of Celtis stones from the Tertiary of western Nebraska, points
out the great abundance and variety of “seeds and nuts” in the
Tertiary, and especially in the Miocene, of Nebraska.l0 It is true
that they are inconspicuous and not as easy to find or to collect as
the more ordinary assemblages of fossil plant remains.

OCCURRENCE.

The fossil fruits of the Ogallala were collected from poorly sorted
grayish-pink semicemented grit and loam, which constitute the
larger portion of the formation. The remains of fruits are scattered
through the rocks and are small, being from two to three millimeters,
or rarely up to one centimeter in length. They are snow-white and
some are made of silica (probably opal) while others are composed
of calcium carbonate, This is very unlike the ordinary occurrence
of fossil plants (leaves and other parts) which are commonly col-
lected in fine-grained sedimentary formations, such as fine sands,
marls, volcanic ash and especially clayey rocks, and the color of

which (chiefly leaves) in these rocks is usually darker than the

matrix and often the remains are black, dark brown or otherwise
darkly colored. ‘ '

It is noteworthy that no fruits of any kind were found by the
writer in fine sands, marls or clayey beds of the Ogallala though a
special search through all avsilable exposures of these beds was
made. To the contrary the Ogallala fossil fruits in Wallace county
and adjacent area are asbundant in beds of grit and loam even where
# considerable quantity of small pebbles is noticed in the material
of these rocks, In spite of the presence in the rock of coarse grains

10, Barbour, 1025, pp. 87-88,
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and even pebbles, the fossil fruits scattered among this coarse ma-
terial usually show little abrasion of their delicate outer sculpture.
This indicates that the fruits were not transported with debris from
the Rocky Mountain area, but probably were buried in the sedi-
ments when their (sediments) transportation was nearly finished.
It appears as if the fruits were dispersed by the aid of wind or ani-
mals, were scattered upon the ground, but for some reason, perhaps
due to too large a loss of water, did not germinate and were mixed
up and buried with the next portion of debris which mantled the
prairie, ,

Dr. G. L. Knight, of the University of Kansas, has made an inter-
esting discovery of fossil fruits in the Tertiary voleanic ash in Nor-
ton county, Kansas, and has kindly submitted the material to the
writer for study. The flora consists of the following forms:

Celtis sp., probably willistoni (Cockerell) Berry.
Krynitzkia (Cryptantha) coroniformis Elias.

Dr. C. F. Taylor, superintendent of the State Sanatorium for
Tuberculosis, generously donated through the writer to the Univer-
sity of Kansas remains of two large carapaces of & turtle which have
been found in the same bed of voleanic ash. The remains seem to
belong to Testudo (Xerobites) farri Hay, a late Tertiary turtle of
Montana. The plant remains indicate Upper Pliocene age for the
volcanic ash of Norton county, Knight considers that the ash of
this locality was deposited in a small lake 1t '

Fragments of small-diameter hollow stems (PL ITI, Fig. 8) were
collected by the writer in a bed of greenish sand in the Ogallala for-
mation directly below a thin bed of white limestone which contains
diatoms and molds of gastropods. These stems are smooth and
bear a faint and very regular longitudinal striation, and in some
of the fragments very distinet joints are observed. Altogether they
look like straw and can hardly belong to any other plants except
true grasses,

Some peculiar stem and rootlike bodies made of calcium carbonate
were observed in many “mortar beds” of the fossil herbs zone. These
calcareous formations are white, cylindrical, slender, straight or
somewhat irregularly curved, from a few millimeters to two or three
centimeters wide. Usually they are nearly or quite erect or they
are horizontal. They are scattered through some of the typical
semicemented “mortar beds,” but in some exposures they appear in
great number at the top of escarpments and form g tangled labyrinth
somewhat similar to the roots in ordinary sod, but much larger in

11. Knight, 1981, p. 166,
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» i al
seale.)2 The stem and rootlike bodies do not have enough structur

features to permit identification of any partlcular klIJﬁi of rpll:;nt:;
Nothing like joints has been observgd in either the smei er Ot] ai .
cylindrical bodies. These are invariably smoo'thlor‘ only gen;l yWith
irregularly striated on the outigle an’%hare so]}llcll1 ;?Eﬁei, ;11501:12; t}; e
irregular porosity in the middle. ey ca , )
S;B;ZL:%but tliley mgy represent stems and roots of some otheg‘ Icalluajilfls,-
the original anatomy of which has been'nea.rly desi?royo]aﬂ ve%
fossilization. No foliagelike organs or fruits of any 'kmd aj/'? ethe
been observed on or near these bodies, but often fruits occur in
arest beds above or below in the section. _
ne’}r}?:tfossil fruits usually appear in the form of hollow nutletsdv?tﬁ
thin and often fragile walls.'® Sometimes t.hey are cracked lanf a 1
apart as soon as separated from tlhe maltrlx, and often only frag
fruits can be seen in the rock. .
me(l)llf"stseflftg;efruits are scattered in a bed, but occasionally they. are
crowded in a spot, sometimes forming a sort pf a cluster, This 1:
particularly the case with the Celtis stones:, this mode ofloccm:crltlanrtli1
being suggestive of ejection by some animals that fed OJI; Net—
Identical fruits have been found in the skull of a la.nd turtle. A\ u
lets .of Biorbia rugosa (= Celtis microendocarpica Brf)oks) ave
been found in the brain case of a skull of Tileo]cigms foiglger (Cope)
Long Island quarry, Phillips county, Kansas.
fr(')I‘H}llethleiageg of a ric(%l arboreous flora has been coll‘ectedi'aréd re:
ported by Craginl® and later by Case!” from. the Tertiary diatoma-
ceous marl of Beaver county, Oklahoma, which borders the Ka.rlllsas
state line. These plant remains belong to the same age as-the her-
baceous flora described in this paper, or are of a shghtly. older afe.
In the small collection donated by E. C. Case tq the United lSta- es
National Museum Berry'® identified and described the following

forms:

Cyperacites sp Sapindus oklahomensis Berry. .

i Rhamnus lesquereuzt Berry.
g alziilzges o Bumelia oklahomensis Berry.
a .

Platanus aceroides Goeppert. Diospyros brachysepala Al, Braun. -
Gymmnocladus casei Berry.

i TIL.

18 E)eel Eil:lusg)nigr?;s:elzil.te}xil}:lvmolds of Celtis stones have be?nocc:llllleatiiszled, and these were
foul:‘nlg'in : {hin streak of pinkish sandy Iir.uestc.mc ne'ar tl_le. top. o( o cgk mu)" Berty in Osborm,

14. See occurrence of Tithymalus willistoni-Celtis willistoni
1910, p. 342,

156. Brooks, 1928, p. 289.

16. Cragin, 1891, p, 29.

17. Case, 1894, p. 143.

18. Berry, 1918, pp. 627-0636.

'
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A richer collection of the same florg and from the same locality
was deposited by Case at the University of Kansas and includes,
besides some of the forms described by Berry, Populus balsamoides
Goeppert (Pl. XXX, Fig. 6, this paper) and a variety of species of
Betula, Populus, Saliz and other arboreous vegetation now being
studied by the writer. Thig mesophytic vegetation is regarded by
Berry as of upper Miocene age, but he adds that “there is no con-
clusive evidence in existence that such s valley flora may not have
continued in this region during the early Pliocene, there being no
considerable American Pliocene floras, except that of the Gulf coast,
with which to make comparisons.”

The writer found one fragment of Populus of. balsamoides Geop-
pert (PL. XXX, Figs. 7a, 7b) in the diatomaceous marl of undoubted
upper Pliocene age at the Marshall ranch in Wallace county,® and
an effort to collect more flora from these beds will be made by him.20
The above referred fragment of a leaf of poplar was found in diato-
maceous marl a few feet above the sand in which a rich fauna of
vertebrates, chiefly mammals (Pliokippus leidianus and others), has
been collected by H. T. Martin and referred to the lower Pliocene.
This is an interesting bit of evidence that a mesophytic valley-flora
existed in a few places of the Great Plains in Lower Pliocene time,
By far the greatest part of the area of the Great Plains was, how-
ever, covered by a different, xerophytic and chiefly herbaceous, vege-
tation, numerous remaing of which, mostly in the form of fruits as
mentioned above, are Vvery common in the regular unsorted arena-
ceous deposits of the Lower Pliocene, These beds are considered by
modern authorities to represent g flood plain environment of the
Rocky Mountains piedmont. The typical prairie and savannah

flora which covered the greatest ares of the piedmont in early Plio-
cene time included the following forms:

Panicum elegans
Stipo kansasensis
Berriochloa glabra
B. (?) aristata
Biorbia rugosa

Krynitzkia coroniformis
K. auriculata

K. chaneyi

Celtis willistons

This assemblage seems to indicate a somewhat warmer climate
than that of to-day in the Great Plains region,

19. Elins, 1931,

20. C. w. Hibbard, who assisted the late H. T. Martir
at the Marshall runch locality, related to the writer that he

dicotyledon legves in dintomaceous marl, but they disintegrate
lect them,

1 in excavation of vertebrates
uncovered some impressions of
d by the time he came to col-
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DESCRIPTION OF SPECIES.
Paviuvm SPERMATOPHYTA

; \g; -
Crass ANGIOSPERME . —Suscrass MONOCOTYLEDONA
Orper GLUMIFLORZA.

Fammny GraMiNeE (GrASSES),

Annual or perennial herbaceous (rarely woody)? plfmii:m%;lz}f
usually hollow cylindrical and jointed sz-fe’n.zs ; usua.lly near, 7tl e
veined leaves; flowers without any dz§tznct perianth, mo}i Sy Jere
maphrodite (bisezual), arranged in panicles, racemes otrh Zp;hzr,a cact
flower provided with green bracts (glumes); fruit is
stic caryopsis or grain. : '
wt’?[?octcfliz fz,mily zg'e referred three types of fruits from the f()galclla:;ll
formation described below. No stems or leaves have beelp qgun i
direct connection with these fruits, and, therefore, ’c.he 1101 datlzzon—
nature of the plants which bore the fruits cannot be directly de

. . o . .
- strated. However, all the living species of Graminese which bea

similar types of fruits are typical herbs.??

The fo?sjil fruits consist of fertile glumes or lemmaz anIc{Ialln';mll;sigf
paleas only, the starchy caryopsis be}ng not‘ preserve .t parely i
side of the glumes can be seen a th'ln semltransparel?
most probably corresponds to the pericarp of 3 caryopsw.au ntogeal

The protective cover of a grain of a grass is but ‘a sm L imtegrs
part of the whole plant, but it is an impogtémz ;)agiefl slljlillczlets " jn;

int of view. The characters presen ed : 1
ggrﬁscemce are usually empl}olyedkin‘tdgﬁ?;ngpjg:ecgtiggl ?elfﬁ] eglgai?ls;sé
and, according to A. 8. Hitcheock, it is he e e

a, “which is of great importance in classu:lcq fon, i A ,
ggxﬁ?;n ar;;d ::Izalllexllg beingg uniform within definite limits in any given
enus.” 23 o -
) The fruits of grasses from the Oga,l.la.la formatlzn ;n;)e ;;);x;if;fr
served that not only the characteristic shape, bu ﬁs the keels o
nerves and all minute details of te).cture can be reac‘ flezt el
examined under proper magnification. Due to per p oy

f these vital portions of the fossil grasses, their comparatiy udy
\?vith t:he living forms and their classification can be made w1

considerable degree of accuracy.

i dy stems.
N em are tree size and have woo . es have been col-
g; I‘?:::;:::m]:azb‘;:ems indistinguisgnbl}% Xf;gmmgho;g ofT }I:i\s'n;g uirgfﬁer, thougﬁ %“dtrz;‘:
‘ . " found i Ognllala W
locked o SloTetlb:dfs;'u?tss rggeré(:gn%g?eviy(pe which "were found in other beds of Og
evidence that th

of herb size.
28. Hitchcock, 1914, p, 124,
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Subfamily Panicomnsm—Tribe Panicrz.
Genus Panicum Linnsus,

Panicum (sensu lata) elegans Elias n. sp.
(PL. XXVIII, Figs. 2a, 2b, 2¢ and 4.)

Only the protective cover of caryopsis is known. Lemma and
palea smooth, shiny, connected together to form protective cover of
grain. Length of fruit, 2% mm., width across lemma, 134 mm,;
thickness of fruit, 1%, mm. Apex cuspidate with two more smaller
Cusps, one on each side of the middle point, which is most prominent,
These three points are somewhat continued down the lemma and

form gradually flattencd ridges, which correspond to three prineipal
veins of the lemma (Fig. 2a-A)

Lemma much more inflated than palea. Palea with two distinct

keels (nerves) which are not concealed by the marging of the over-
lapping lemma. At the base of the lemma is a lunar elevation (Fig.
2a-B). Similar elevations on the protective covers of living Panicum

and allied genera are impressions of the embryo, the radicle pro-

truding through these at germination.* Secar of attachment nearly
flat, inclined to the side of the palea, trilobate on the opposite side
(Fig. 2¢-D). According to examination of the writer’s sketch by A.
S. Hitcheock “the shape of the scar is likely to be characteristic of
the species.” 2 In the middle of the scar is a little hole which, ac-
cording to Hitehcock, is a scar of the fibrovascular bundle (Fig.
1¢c-E). The remains are composed of silica, the walls of lemma and
palea being 0.085 mm. thick,

Faint subparallel striation can be seen on both lemma and palea
under magnification. Microphotographs of corresponding portions
of the palea of the fossil form and of the living Panicum angusti-
folium were made for g comparison of microstructure (P, XXVIII,
Figs. 4 and 3). Both show subparallel rows of cells of the epi-
dermis. The distance between two striz on the palea of P. elegans
15 0.034 mm., and on the palea of P. angustifolia 0.029 mm. These
figures belong to the middle bortions of the paleas. The strie show
a confluence in both apical and hasal directions. Regularly spaced
cross connections between the strim ean be seen on both fossil and
living forms,

The fossil fruit is indeed strikingly similar to the protective cover
of the caryopsis of living species of Panicum and allied genera:

24, Hitchcock and Chase, 1910, p. 18.
26. Personal communieation to the writer,
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1 hers.
Cheetochloa (Setaria), Echinochloa, Paspalun-zé Mﬁuw; g;dizgated
The palea of the fossil fruit is, howe\fer_, considera ]3; T e the
than in most of the similar fruits of hvu.lg specle?. e
two keels of the palea are seen alo_ng their .Whoie 1e{ng;IS of e poles
fruit, while in the majority of 1iv1ilg spezliees H‘lr,mz ee ‘

' : f the overlappin . '
ar(&‘iﬁiigiﬁ;ﬁéaecgfg ?oshg exposed keels on the pa.lga of S({n;g :izcl;
mens of Chetochloa italica was pointed out by Eltcgéc():; 0{1’ " and &
similar appearance of two keels of the palea can be nHillman Some
species of Panicum also. According to statement by . th,e e
United States Department of Agricultur(_a S(?ed Labora ‘oryguf’ > pres-
ence of ridges at the tip of the lemma 1nc}1cate Sletzmg;ms bon fhe
other hand “he does not know of any species o_f tha ‘gf s thas s
a scar of the shape of the fossil fr.ults.” 27. ThlsPsca%c zm o aen
resembles more the scars of the living species of Pani " ﬂ.le he gon
eral form of the fossil fruit also resem'bles very1 mfu:ome e
Panicum fasciculatum (Pl. XXVIII, Fig. 1) anc foth. o tave s
cies of the Geminata group,?® but all .the' fruits otl 1&; n%ooth ey
rugose surface, while the fossil fruit is perfectly oS a}.)mSion’
smoothness is undoubtedly original, and not.the ‘re:csutive abrasion,
because all sharp cusps and edges of the thin protec

\ reserved. .
peglelcgnyalljl, the fossil form combines features of both Pc;:blwtmﬁzzt?;i
Setdria and is certainly closely related to these genera.as e to
of Linnsus and earlier botanists the name Pamcufm Wd et
Cheetochloa ttalica and many other species now rtﬂil erreil Lo diferent
genera and subgenera, allied to Panicum 5.8, T ougamte Rt
bility of recognition of Chetochloa (Set.arza) as a,tsel?as e gt
Panicese is now shared by most of botamstsz the Se arlf i
under a broad conception of the ger;us Pizl(;;;r:ér?ser:hz ot
e e bech:Lli‘;Zr;:;Igitfthie Icl):lil,erstanding that this generi.fi
o 'the I:ia'mea broad sense. It is possible, however, tl}at the f(?smt
form be luse 1’?0 a new genus or subgenus of Paniceae., either eth.lil)C
form be (’)f.nfg i nd or recognized among the living species _Of the tribe.
o e 316 i OuPaniceae are largely tropical and s:ub’oropmal gr.asseﬁ
fev’f hg(aenglarlg]oelonging to temperate zones. Panmicum occurs in a

. Hitcheock, 1914, p. 195. ] .
:g lff;rsunal communication by A. 8. Hltclxmck to

28. Hiteheock and Chsi\se, 1910. ]
29, Scribner and Merrill, 1900, p. 6.
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warm countries, but together with Paspalum is g characteristic
South American savanna grass, '
Occurrence or Fossry, Frurrs. Found in seo, 21, T.14 8, R
39 W.,'Wallace county, Kansas, in “mortar beds’” of the Ogal’lala.
formation, ‘Tertiary, about 40 feet below caping pink algal lime-

stone. (See writer's report on the Geolo
! gy of Wallace county, Bul-
letin 18, Kansag Geological Survey.) e

Subfamily Poacomrs.—Tribe AGROSTIDE A8,
Genus Stipa Linnmus,

CHABACTER OF Ferrie Frorer, Rachilla articulate above the
empty glumes and produced below the flowering glume into g strong
beqrded, obconical and sharp-pointed callus, Lemma narrow sub:
corlaceous,'closely rolled around the Hower and usually s},lorter
palea, terminating in 5 twisted and geniculate, simple awn which is

articulate with i )
lemma 30 with its apex.  Grain closely enveloped by the hardened

Stipa kansasensis Elias n. sp.
(PL. XXVIII, Figs. 54, 55, 6, 7, 8, 9 and 12,)

Only the fertile glume (lemma) breserved, cylindrical, 10 to 11
mm. long .and 1.8 to 2.5 mm. wide, The surface of the lemma, is
covered with tubercles from the apex to the middle or beyond. It

Whi]t‘E the outer volution is smooth at the base and narrows gradu
ally into .the conical hairy callus (PL XXVTII, Figs. 6 and Q)g Th;
ha'n's which surround the callus are exceedingiy thin and f.ragile
being as fine as in the living Stipa. At the top of the fossil form)
there is g distinet, bottle-necklike contraction (Pl. XXVIII Figs
7 a'nd‘S’) fo%"ming & joint to which apparently an awn wag com;ectegd'
This 3(.)Hllt 18 surrounded by short bristles very similar 4o those on.
sc})lmte living species of Stipa. (Compare upper portions of micro-
gng flgsaphs of S kansasensis and 8, reesiana, P, XXVIII, Figs. 12
The presence of 5 joint at the.apex of 4 indri i
shaped fertile glume distinguishes 1zhe fruilt]: gghlrilfiﬁ;a}s:ir aCIQ(%rI“
XXVI1I, Fig. 10) from those of And'ropogon, Aristida and Jl;iihlen-'

30. Modified after Scribnen—IQOO, p. 62,
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bergia, which also have a subcylindrical lemma, but one that nar-
rows gradually to the apex, in some cases is covered with tubercles
and shows a hairy callus at the base. The lemmas of these fruits
gradually pass into an awn without forming a joint.

Examination of the surface of the fossil form (Pl XXVIII, Fig.
12) reveals a microstructure strictly similar to that of living species
of Stipa (Pl. XXVIII, Fig. 11). The surface is covered with com-
paratively prominent tubercles which are not arranged in regular
rows but are rather irregularly though densely spaced. The smooth
surface between the tubercles as well as outside the tuberculate por-
tions of the lemma shows faint striation corresponding to the rows of
cells of the epidermis. On meeting a tubercle the striee expand
slightly, the marginal ones bending around the tubercle. The ab-
sence or presence of tubercles over the whole or only a part of the
surface of the lemma, the size of the tubercles and the density of
striation seem to be of specific value for species of Stipa. In the fos-
sil form about 59 strise can be counted in 1 mm. on the tuberculate
portions of the lemma, while on the surface bare of tubercles there
are up to 77 strize in 1 mm. The diameter of the tubercles is 0.06 to
0.07 mm., one tubercle covering four rows of cells. The height of
the tubercles is about 0.04 mm. above the striated surface. The
thickness of the lemma, which is composed of silica, is about 0.035
mm., not counting the tubercles,

For comparison the corresponding structures of two living species
of Stipa were measured. Stipa neesiana Trin. (Figs. 10 and 11)
shows about 55 strize in 1 mm. The tubercles are only a fraetion
wider than a row of cells, being about 0.02 mm. in diameter. They
are confined to the apical portion of the lemma, about five-sixths of
the surface being smooth and marked only with striations. Stipa
avenacee L. has about 110 strizs in 1 mm. The tubercles average
0.035 mm. in diameter, each covering about 4 rows of cells. All the
surface is tuberculate except the base, where tubercles gradually de-
crease in prominence. ‘

The living Stipa belongs to tropical and temperate zones, being
chiefly prairie, steppe and savanna grasses.

Occurrence or Fossmt Frurrs. Found in the middle of the west-
ern border of sec. 4, T. 12 S, R. 42 W., Wallace county, Kansas, in
“mortar beds” about 60 feet above the base of the Ogallala forma-

tion.

f
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Tribe HorpmAE?
Genus Berriochlog Elias n, gen.

The species for which this new generic name is proposed was origs
inally described by E. W, Berry under the name Lithospermum fos-
siium var. glabrum. The construction of the fossil fruits, as the
writer’s study reveals, is, however, of the type observed on the liv-
ing grasses only. The characteristic features of the fruits of the
genus are as follows:

Fruit consists of two glumes, the larger, the fertile glume or
lemma, overlapping the smaller glume or pale or palea, The two
glumes combine to form what is known as protective cover of cary-
opsis (grain). The latter is not preserved in a state of fossilization
except its thin pericarp. The protective cover is provided with an
awn at the apex and with a somewhat elongated scar of attachment
at the base, The fruit is round in cross section, but the presence of
five longitudinal ridges on lemma tends to make the cross section
slightly subangular. Very rarely two faint longitudinal ridges can
be observed in palea. It is appropriate to note that the palea of
living grasses is always two-nerved.

In better preserved specimens fine and regular longitudinal stria-
tion can be seen on both lemma and palea. This is again g very
typical feature for the brotective cover of the grasses, In addition to
longitudinal striation & more prominent but irregular transverse
wrinkling is observable on all or nearly all fossil fruits in question.
A similar transverse wrinkling exists on the protective covers of
many living species of Panicum and of some other grasges,

The fossil fruits resemble in mmany respects the protective cover of
cultivated barley (Hordeum sativum). They are of nearly the
same size, are provided with an gwn and their lemmas are five-
nerved, a feature generally typical for genus H ordeum.3*  On the
other hand the fossil fruits are much less angular in shape than the
fruits of all living Hordece and are provided with comparatively
harrow and elongated, bottle-necklike scar of attachment, a feature
uncommon in Hordee or in other grasses of to-day. Thig distinetion
warrants separation of the fossil fruitg under a new generic name.

The classification of glabrum fruits with living grasses was one
time criticized by Mrs, Eleanore M. Reid, with whom the writer
conferred on the matter, However, after having seen the best-
preserved specimens of the writer's collection sent to her, on which

31, Scribner, 1900, p. 165,
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the details of microstructure are observable, Mrs. Reid agreed with
the writer in his referring of glabrum to true grasses.

The writer acknowledges, also, the suggestion made by Dr. John

Percival, to whom he has sent a sketch of glabrum, that this fruit

can hardly be classified with Hordeum, but is poss}bly a P'amcum.
The communication with Mrs. Reid and Mr. Percwal cla.nﬁed thg
matiter of proper classification of glabrum cop&derably a,nd.mduce ‘
the final decision of the writer to give the fruits a new generic name.
The genus is named after Prof. E. W. Berry.,

Berriochloa glabra (Berry) Elias n. comb.

(Pl. XXVIII, Yigs, 18a, 18b, 13¢c, 14, 16 and 16; Pl. XXIX, Figs. la, 1b and lc.)
1928. ILithospermum fossilium var. glabrum Berry. Proe. U. 8. Nat, Mus,, Vol, 73, Art.
18, p. 2; PL 1, Figs. 11, 12 and 18, .
ective cover and pericarp of caryopsis known.
I?(I:rlrzfmim;r?g palea smooth, shiny, in state of fossil.izgtlon us.ua111y
firmly connected together and making an a_symmetrlcally f1t151f01m
fruit. The larger specimens (Pl. XXIX, Fig. 1a, b, ¢), which ar;
most abundant, are up to 7 mm, long (without awn) and‘ up to 31.)
mm. wide, but much smaller individuals (Pl. XXVIII, Fig. 13a, f
c¢) are frequently found together with larger typo;s. The lemma o
larger specimens is distinctly five-keeled. The middle keel or r;ege
is most prominent and runs from the base to the very apex 0 ?
lemma, where it passes into an awn, only a small basal portion o
which is preserved (Pl. XXIX, Fig. 1b-D). T}_le back of the llenclinza
with the prominent middle keel (Pl. XXIX, Fig. la—B? atta(:}Ble 0
it is shaped much like a boat. The lateral nerves (Fig. la- )‘ arz
about two times less prominent than the middle keel and are almos
indistinct near the apex of the lemma. Two Iat-e_ral nerves can be
seen on one photograph®? of I/ithosperm?,am fosszlzv',&m var, ggbbﬁém
Berry, which helps to identify our fossil with 'thls type. ?thwie
smaller specimens of B. glabra (Pl XXVIII., Fig. 13a,_ b, ¢co ! 8
paper and Fig. 11, Berry, 1928) only the middle keel is quite tl;,-
tinct, the lateral nerves being observed only as small ridges at the
narrow base of the lemma (Pl XXVIII, Figs. 13b and 13c).
The two nerves of the palea can be' observed, also, on the. lzrgfi
types only (Pl. XXIX, Fig. 16-D), k')elng even there qulffz}e'gamf. -
very gentle marginal bend on both sides of the palea, outside of t

nerves, ¢an be seen, _
The’smaller specimens are commonly found together with larger

32, Berry, 19828, PlL 1, fig. 12,
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types and, being not as fragile as the larger ones, the complete speci-
mens of smaller types are predominant in the collection of the writer.
The smaller types do not seem to represent younger stages of large
fruits, but are more likely dwarfed mature fruits of the same species
unless they represent, a distinet species of the same genus, They ar(;
as thick-walled as the larger specimens and have the same tvpe of
structure except that the keels are not as prominent. Also théy ap-
pear to be more plump, being nearly as wide as the larger forms,
but much shorter. The intermediate forms between larger and
smaller specimens seem to exist. Possibly the smaller fruits occupied
the vapical portion of a spike and have been undernourished being
otherwise normal fertile florets, A similar arrangement of grezdually
diminishing fruits toward the apex of the spike is observed in some
living grasses (compare, for instance, Bouteloua). The compara-
tively large per cent of smaller fruits seems to indicate rather short
spikes with small number of florets rapidly decreasing in size toward
the apex. If the future study should prove that the smaller fruits
belong to a different species, the name glabrum is preferable to retain
for the larger form, figures 12 and 13 (Berry, 1928) and figures 1a
1b and 1¢, Plate XXIX of this paper. - o
. The microscopical examination of the remains reveals the follow-
ng features (Pl. XXVIII, Figs. 15 and 16). The surface of the
lemma and palea are smooth with occasionally observable fine and
regular longitudinal striation (Pl XXVIII, Fig. 15), about 35 to 40
striz to 1 mm. on larger specimens and 40 to 45 stris per mm, on
smaller specimens; besides this, short transverse wrinkles caﬁ be
nearly always observed over the whole surface of the fruits (Pl
XXVIII, Fig. 16). When the outer epidermis exfoliates the internai
s?ructure of lemma becomes visible, It consists of longitudinal
ridges with cross connections in between. These ridges seem to
correspond to the gentle strim of the external surface (Pl XXVIII
Fig. 15). ' ’

The fruits are hollow and are made of silica. The thickness of
the.lemma varies from 012 to 0.16 mm, within the same specimen
Inside of one broken specimen g very thin semitransparent film Waé
observgd~an empty wrinkled baglike envelope which is probabl
the periearp of the caryopsis. The structure of the film is shown oilr
pl. XXVIII, fig. 14. The black portions correspond to transparent
tissue with less transparent white ridges between, ’
N (Elli?m]?mxln?l\hw FossiL Frurrs,  Specimens are found at several

1€s 1n 1
allace county, Kansas. (1) South side of Goose creek,
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one-half mile west of the state line, in a bed about 60 feet above
the base of the Ogallala. (2) In the southeast quarter of sec. 4, T.
12 8., R. 41 W., in beds 40 to 60 feet above the base of the Ogallala.
(8) In the southeast quarter of sec. 7, T. 14 8., R. 38 W_, in a bed 30
feet below algal limestone and 55 feet above the base of the Ogallala.
The species is also observed in other parts of Wallace county in the
middle portion of the Ogallala. The specimens described by E. W.
Berry3® were collected in 1884 by J. B, Hatcher from the “Loup
Fork formation” of Phillips county, Kansas, which is Ogallala.

Berriochloa? aristata (Berry) Elias n. comb,

1928, Lithospermum fossilium var. aristalum Berry: Proe. U. 8. Nat'l Mus.,, Vol. 73,
Art. 18, p. 2; PL 1, Fig. 14.

This fruit described and figured by Berry has many features in
common with his L. fossilium var. glabrum, now considered by the
writer to represent a new genus Berriochloa. According to Berry
B. aristata differs from B. glabra in being more slender and elon-
gated, more symmetrical in side view and nearly circular in trans-
verse section. The base is much like that of B. glabra, while “the
apex is produced as an attenuating spine which may be two-thirds
as long as the inflated portion.” The spine or awn of B. aristata is
certainly much more prominent than that of the other form and is
about 1 mm. in width at the base, or two times wider than the awn
of large specimens of B. glabra.** The keel of the B. aristata fruit is
less elevated than that of B. glabra; the length of its fruit, exclusive
of the awn, ranging from 5 to 10 mm. and the diameter from 1.5
to 3 mm.3

The species aristata described by Berry was not found by the
writer in the Ogallala beds of Wallace county and adjacent area.
The photograph by Berry shows only the dorsal view of the fruit,
and therefore the presence or absence of lateral ridges on what ap-
pears to be a lemma, and the presence or absence of an inclosed
palea cannot be detected. The general similarity of the form with
the fruits of Berriochloa glabra, the base, middle keel and awn of
the two species being much alike, suggests a reference of the species
aristate, also to genus Berriochloa. However, this conclusion can-
not be proved without additional examination of the type material.

Occurrence. “Loup Fork” (Ogallala) formation of Phillips
county, Kansas, together with Berriochloa glabra.

38. Berry, 1028.
84. Measured by the writer on the photograph by Berry.

85. After Berry, 1928, p. 2.
223668
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SuBcLass DICOTYLEDON]E.——SERIES GAMOPETALAR —
Orper TUBIFLOR.AZ.

Faminy BorracIiNAcE.

Specialized dicotyledons with an elongated corolla tube bearing

the stamens, the ovary being superior. Fruit mostly of four one-
seeded nutlets.

Subfamily BoRRAGINOIDE&-ANCHUSER Giirke.
Genus Biorbia Elias n. gen.

Only nutlets known. Nutlets keeled, asymmetrically inflated, be-
ing more convex on the dorsal side. Surface rugose covered with
ridges arranged in honeycomblike net. Dorsal keel turns to right
or to left, spoiling the apparent bilateral symmetry of the nutlets.
Probably four nutlets, two right and two left ones, constituted a
complete fruit. Scar of attachment round, comparatively small and
elevated, consists of double ring and an elaiosome in the center.
Distinct canal in the ventral part of the secar,

Geno-type: Lithospermum fossilium var. rugosum Berry, TU. 8.
National Museum,

Biorbia rugosa (Berry) Elias n. comb,
(PL. XXIX, Figs. 20, 2b, 2, 2d and 26.)

1928. Lithospermum fossilium var, rugosum, Berry, U. 8. Nat, Mus., Vol. 78, Art. 13;
PL 1, Tigs. 1-~10.

1028. Celtis microendocarpica, Brooks, Annalg Carnegier Mus., Vol XVII, p. 297; PL
XVIII, Fig. 1, '

1929, Celtis microendocarpica Brooks, Annals Carnegie Mus., Vol. XIX, p. 185; Pl IV,
Figs. 1-9,

On account of the existing difference in opinions as to classification
of these fossil fruits, the writer made a detailed study of their
anatomy and an extensive survey among those living plants ‘which
could be their possible relatives, The fossil fruits have been de-
seribed by E. W. Berry and by Betty Watt Brooks, who referred
them to Lithospermum and to Celtis, respectively. The writer
agrees with Berry that the nutlets in question helong to the borrage
family, of which Lithospermum is one of the most common among
the native American representatives, The writer concludes, how-
ever, that the fossil nutlets do not belong to Lithospermum, but must
be classified with the Borraginoides-Anchuses group of Giirke, none
of the genera of which group are native to the New World.

None of the living species of Lithospermum are known to have a
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sculpture comparable to the honeycomblike net of ridges Whlzlhtcox;;
ers the surface of the fossil nutlets. The surf&lzce of the nutlets ¢
living Lithospermum is usually smooth fmd in some spegnesh afve;
linearifolium) it is in addition somewhat pltted: Other sp}elcles e
somewhat rugose surface, but no ridges fomu_ng a net aVet e .
been observed on the nutlets of this genus. 'Thls difference k;e Wee_
the living Lithospermum and the fossil species rugosa Waz _e; hso ezr:‘-
phasized by Miss Brooks (1929, p. 136) . The nutlets of1 osﬁich
mum are, furthermore, fairly symmetrical abqut a p anje w on
divides them into two equal halves, while the fossil nutlets are asy.

' metrical, and right and left individuals can be recognized among

them. Finally, nutlets of Lithospermum have somewpat d1f‘fere2t.
construction of scars of attachment, WhiCh' are ﬂa}t (11} Iil}gose nd.
arvense) or, when elevated and concave (11.1 L. Zmeamfotmm ai}{ ‘
others), do not develop wide ring and retain a flat !oqt om. et
elaiosome of any prominence can be detected on these 1}V1ng nu ih e.
Contrary to this, nutlets of rugosa have a prominent elaiosome in
uble ring of the scar.
cer&fsl(:z (\)xfrii:’f;rctoan agreegwith Miss Brooks that tl}e outer sculp’our(;
of the fossil nutlets in question makes them u1}hke .the nu’?lelts g
Lithospermum,; nevertheless he does not qonsuﬁ!er it p}?smb ee ;1)
classify them with the living Celtis stones, in spite of .t ¢ gener
resemblance of the netlike rugose character of the exterior. o
The stones of Celtis have a very simple scar of‘attachnllent whic ‘
is a mere small pit on the end opposite the' somewhat cu§p1date ap:lex.
The scar of B. rugosa, to the contrary, is very comphca.te, as; f,}?
seribed below. This important difference in the co:flstru(?tlop 0 <_3
scar alone does not permit classification of .th.e fossil fru%ts in quc-ass
tion with Celtis. Besides the stones of all living a.,nd extinet spelclee
of Celtis known to the writer are fairly symmetrical abqu}tlta p ﬁt
that connects the apex and the scar, and, therefore, no rig ort }fer
individual can be recognized among these stones.. There 1st.ano ther
important morphologic difference be‘;v've}(:nl thdesffllllgz émo ?léﬁse Ilnon, and
this is the position of an opening which lea : . :
. rugosa have a canal at the ventral mdg of thfa scar o
Z}c,l;;iﬁsmcfnf v:higle the stones o'i both lizi&ge as,lggrfossﬂ Celtis have a
i none a , ]
Ca;liloizzli; i?gllci?‘zieaf}?: ’c}g’lrlnparisdn of the fofssfil fl;uitsf ?ﬁthl.ﬂ%elé
ivi i riter secured a collection of fruits of the livin
Illé‘.:?fogpg:ftls;:if;ecz Borraginoidfaa-Anchusea group throzg% tge
courteous help of Eleanor M. Reld, Emma E. Syrrine an . C.
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Skeels, and he also consulted the main literature on these living
forms. All American species of the Borrage family which in some
way resemble the fossil fruits in question were also comparatively
studied. The following is a detailed description of the fossil nutlets
and their comparison with some existing plants, among which their
nearest living relatives must be sought,

Fossilized nutlets 2 to 8 mm. in length and 1.75 to 2.5 mm. in
width, asymmetrically inflated, the dorsal side being much more
convex than the ventral. On the ventral side (PL XXIX, Fig. 2a)
a keel extends from a cuspidate apex nearly or quite to the sear of
attachment. The keel is continued over the apex on the dorsal side
(Pl XXTIX, Figs. 2b and 2¢), but here it turns either to right or to
left and makes a lateral connection with the sear of attachment,
unless lost on the way. This, together with a moderate transverse
twist (PL XXIX, Fig. 2d) of the whole nutlet, spoils its apparent,
bilateral symmetry. According to the right or left turn of the keel,
which is accompanied by a corresponding twist, right and left nutlets
can be recognized. The figured nutlet (Pl XXIX, Figs. 2a, b, ¢, d)
1s a right one, and so are the nutlets of figure 8 and probably of figure
7, plate 1, of Berry’s paper. The nutlet in the right upper corner of
figure 1, plate XVII, of Brooks’ paper is a right one, while the lower
central nutlet of the same figure is a left individual,

The writer observed about an equal number of right and left
nutlets in his extensive collections.

The surface of the nutlets is rugose. They are covered with
narrow and, when perfectly preserved, much elevated ridges forming
an irregular honeycomblike structure. The surface of the ridges and
of the space between is shiny. The shiny areas between the ridges
are somewhat knobby, and besides the writer observed on one of the
best-preserved specimens a very fine cellular structure, which is
shown on the photograph (PL XXIX, Fig. 7). A similar structure
can be observed under magnification on the nutlets of the living
Anchusa, Lycopsis, Nonnea and Symphytum, with which genera the
fossil nutlets are compared by the writer (PI. XXIX, Fig. 6). This
cellular structure observable on the surface of the nutlets is a termi-
nation of prismatic structure of the shell of nutlets. In a fresh
break of both living and fossil nutlets this prismatic or fibrous struc-
ture can be readily observed. There are about 40 fibers in a row per
1 mm. in B. rugosa and about 45 fibers in & row per 1 mm. in
Anchusa officinalis and A. capensis nutlets,

The scar of attachment of B. rugosa is round and elevated, being
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about as high above the surface of a nutlet as the ridges of the (zx-
terior. The diameter of the scar is nearly one-half o_f thg sl_lor e;
diameter of a nutlet. The scar consists of a double ring, 1ns'1de 1?‘
which is a prominent central elevation apparently corresponding to
elaiosome of the living Borraginoidez-Anchusee. The Quter of the
double ring 1s comparatively thin and has a smpoth or shghtly wavy
edge. The inner ring is inserted, as if it were in a conejln-c‘C)r‘L'e po-
sition, into the outer ring of the scar. Tl'.le edge of tl.le inner 11.‘1.ng is
irregularly dentate, which may be explamed'as a fﬂ.lSI‘l'lpted 1s‘sue(ei.
A short and ventrally curved delicate pipe is ordinarily obselxig

ventrally between the outer and inner rings of the sear. 'Wpen tfus
pipe is not preserved a corresponding thin canal leading inside o ‘ ;)
nutlet can be seen. If the fossil nutlets have been arra..ngfed. to form
a fruit, in about the same fashion as the nutlets of their living rgla—
tives of the Borraginoidese-Anchuses group do,‘the crooked pipes
must have occupied a central position in the fruit and were turn.ed
from the bottom up (see sketeh, Pl. XXIX, Fig. 3). .If this recon-
struction is correct, the pipes must represent basal por@ons of styles,
one style for each ovule. These styles might or might not have
been united in the middle of the flower. ‘

The nutlets are hollow, the thickness of the walls exclusive of the
ridges being about .08 mm. The ridges when well prgserved are
about .1 mm. high above the interspaces, but usually they are less
prominent. The nutlets seem to be made of silica and are compara-
tively strong. Due to this fact complete nuts are rather ‘corlnn:.loi
and usually they do not break on being separateq from th(.a inclosing
rock. Mrs. Reid writes: “I think you are qult‘e I:lght in putting
this species [rugosa] into the subsection Borragm01deae-_Anch‘useae,
because of its evident mode of germination, as well as the character .
of its sculpture. In this section the flat adjacent faces of the nut}ets
form the germination valves, which are rimmed round by a ]‘:‘131,158
edge. If you will sow a seedman’s packet gf A?zchusal you wi .fies
them germinate the flat face opening like a .httlfe door.
This flat face of a nutlet is that seen on figure 2b (Brorbia 7jugosc%)
and on figure 5b, plate XXIX. Among several. hundreds of speci-
mens of the fossil Biorbia in the writer’s cqllectlon he f)bserved mtle
nutlet with a cracked-off flat face in a fashion as described by Mls.
Reid for germinating nutlets of Anchusa. All .thfz ot.her numerous
nutlets of Biorbia do not show any tm_ces of splitting in this or any
other fashion, which apparently indicates that for some reason

36. From s personal letter to the writer of February 16, 1681,
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(probably on account of lack of moisture) they never started to
germinate at all.

The outer sculpture of the fossil nutlets is occasionally more or
less obliterated as is likewise the scar of attachment. The cuspidate
apex in such cases is also more or less rounded. Berry writes that
this variation in sculpture of the nutlets which he studied “is not
due to abrasion before or after fossilization . . . since it would
have been equally effective on the apical point or the delicate rim
of the hilum 37 which is not the case.” %

It seems possible that some nutlets could have been originally
smoother than the others. Some living species of the borrage family,
for instance Cryptantha crassisepala, have heterogeneous nutlets,
one smooth and three rugose nutlets constituting a four-nutlet fruit.
Other species of the family have mature nutlets commonly covered
with papille, but sometimes they retain their smoothness at ma-
turity.s0

The peculiar honeycomblike outer sculpture of the fossil nutlets
is one of their most characteristic features. Among the living repre-
sentatives of the Borrage family Anchusa, Lycopsis, Nonnea and
some species of Symphytum of Borraginoides-Anchuses and Echi-
nospermum greener Gray (probably of Borraginoidese-Eritrichies)
seem to be the only forms which have a similar sculpture of nutlets.
However, the nutlets of American Echinospermum greenei are pro-
vided with prominent prickles, one at each knot of the honeycomb
net of ridges, while no traces of such prickles can be detected on the
best-preserved fossil nutlets. &, greenet has furthermore an entirely
different scar of attachment, which is in form of a split along the
ventral edge of a nutlet, Finally these living nutlets are fairly sym-
metrical about a plane and no right and left nutlets can be recog-
nized. The nutlets of the living native European and Mediter-
ranean species of Anchusa, Lycopsis, Nonnea and Symphytum pos-
sess not only a honeycomblike sculpture of nutlets, comparable to
that of Biorbia rugosa, but they have also the same type of sear of
attachment, which is somewhat asymmetrically (ventrally) located,
and is provided with & prominent, ring and an elaiosome. The asym-
metry of these living nutlets is also of the same type-as is observed
on the fossil nutlets, and right and left nutlets can be easily recog-
nized. On plate XXIX, figures 50 5b and 5c, different views of a

87. S8ear of attachment, as interpreted by the writer.
88, Berry, 1028, p. 1.
80. Gray, 1885, p. 275.
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right nutlet of Anchusa officinalis Linneus are showx;. Platio};XII;(é
figure 4, shows the arrangement of these n}ltlets to form laft nulzlets
four-nutlet fruit, which consists of two right and two le

d around the center.
altfrl;g?agi}ayo?iizeabove outlined similarity of th.e nutlets (.)f Anc}?osg,
Lycopsis, Nonnea and Symphytum to the fossil nutl'e’r:s in question,
the latter cannot be referred to any of these four living genera on

llowing differences: _ .
aci?m’}?hzfszlal: f)? a?ctac}%ment of the fossil nutlets is provided W}th la
double ring while all the above-named living forms have a single
rmZg.' The fossil nutlets have a ventral canal at 'the scar, a feature
not observable on the nutlets of Anchusa, Lycopsis, Nonnea or Sym-
phﬂmit:% i.nteresting that a ventral canal between the elaiosome ;nzd
the ring of the scar is indicated on a sketch of a nutlet 9f hu -
monaria officinalis,*® but Pulmonaria differs from B. rugosa 12 azfl;
ing nutlets perfectly smooth and shiny, or sn'noo?h. and covered wi
ghort hairs. Furthermore, the nutlets of thls.hvmg genus of Bori
raginoidese-Anchuse are perfectly symmetrical about a ceptrelm-
plane and among them no right and left nutlets can be recognized;
their scar consists of only one ring. ' -

All in all, it appears as if the fossil nutlets coml.)lne various fea-
tures observable on the nutlets of Anchusa, Lycopszs, Nonnea, Syn“_b- _
phytum and Pulmonaria, and besides have a specla'l feature of {‘:helr
own—a double ring of the scar. On account of this they are given

sneric name, Bilorbia.
) I’}?}?; glggl(‘f;:;e 9;am’ily is widely distributed t}.l'roughout the tem-
perate and tropical parts of the world, the species .of Anchusa, J%y-
copsts, Nonnea, Symphytum, Pulmonarfia and allied genera being
i turopean and Mediterranean forms. o

BXSEZZSRENCEPOF Fossin Frurrs. Next to Celtis stones thlls_ is the
most common species among fruits from the Ogallala beds in Katn-
sas and Colorado. The writer collected nutlets of the speeies
wherever the other herbaceous species have been found. It was not
found by him, however, in the basal and topmost portions of
Ogallala, where Celtis stones alone were collected.

40, Hegy, Illusirated flora von mittel Europe, 5 Band, 8 Teil, Fig. 8165, on page 2218.
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Subfamily BORRAGINOIDE &-ERITRICH TR Giirke.
Genus Krynitzkia Fisher and Meyer.
Krynitzkia (Cryptantha) coroniformis Elias n. sp.
(Pl. XXX, Figs. le, 1b, 1c and 1d.)

Only nutlets known. They are erect, ovate with acute apex, 1.5
longer than wide, rounded on the back and on the margins; coroni-
form in appearance from below, hence the specific name; apparently
attached laterally to receptacle; the scar of attachment hroad and
trilobate at the base, passing into a gradually narrowing groove
toward the apex. Some specimens have the back and sides covered
with prominent prickles, while others are perfectly smooth and
shiny. In the locality at Beecher Island, Colo., the smooth speci-
mens outnumber considerably the tuberculate ones, while in the
voleanic ash of Norton county, Kansas, only tuberculate nutlets
oceur. The presence or absence of tubercles seems to be the only
difference between the two kinds of nutlets. There seems to be no
objection to referring both smooth and tuberculate nutlets to one
species; as Gray observes, some species of the borrage family, though
commonly tuberculate, sometimes retain their smoothness in ma-
turity.#1 The size of the nutlets is quite uniform, the length being
about 2 mm. and the width slightly less than 1.5 mm.

The nutlets are hollow and are composed of calcium carbonate,
the thickness of the walls in prickled nutlets being 0.035 to 0.075
mm. without prickles and to 0.13 mm. with prickles. The thickness
of the walls in smooth nutlets is up to 0.12 mm.,

The fossil nutlets resemble slightly the fruits of Cynoglossum,
but they are several times smaller and their mode of attachment is
different. The fruits of living Oreocarya are of the same magnitude
as the fossil nutlets and have a similar scar of attachment. They
differ, however, from the fossil form in having acute or winged
margins, The living species of Cryptantha resemble the fossil form
the most, and the nutlets of Cryptantha crassisepala (T. & G.)
Greene are nearly identica] with the fossi) nutlets, except for their
smaller size (P], XXX, Figs. 3a, 8b). They have obtuse marging
and are coroniform from below; their scar of attachment is the
same, except for the prominent median lobe at the base of the fossil
form, which is absent in the living species. The latter has hetero-

41, Gray, 1885, p. 275,
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. . te
nutlets, three nutlets of a fruit belr}g always tuk;eflr;;ﬂ;le
gm‘em}; fourtli one is always smooth and slightly longgrf wn the
Eltl;ml;le"s (fI‘he tuberculate and smooth nutlets of the fossil form
eq%alalel?i\filzg species of Cryptantha are natives O,f ‘N(;‘tsht rilzcsl South
America, and are most common in the western Dmt:v > cc reei( .
OcourieENcE oF Fossin NurLers. Found at B‘lsgk i\ :; Horee ,b ot
Beecher Island, Yuma county, Colorado, 116&11:\11;3 cmostly R
12 to 15 feet above the base of the Ogallala: ‘ tluun;ber o e
of nutlets, in scores of specimens in.gr1t-. A grea .{16 O Barton
fruits are scattered in the volcan.lc ash (?netlrrllle S as
Kan., where they occur together with Celtis stones.

Krynitzkia (Oreocarya) chaneyt Eilas n. sp.
(Pl. XXX, Tigs. 4a, 4b, 4¢ and 4d. . . S
Only nutlets known. They are t}'iangular'-olvtz{telérsls cglzlrllnlee I’:)gth,
from the back and above; the width is only slig 1t 1 v o
which is 2.5 mm.; round and tubercjulate on fd ;]trw’e» o sides
smooth: margins winged, the wings belpg short a.él " ;3 b; Se, oy
of atta}chment broad and slightly tmloba-te a e ap,ex' o
narrowing into a groove which dqes not qu1t§ rcic L the ook e
lets are hollow but comparatively strong, the 1 e
m;tu:, lsaeing 0.075 mm. They consist of calcium cml.)o?m .Su
WThe fossil species apparently belongs to1 the ;nl?(:ﬁw hgene
Oreocarya, which has nutlets that are triangular aflter o other
high. No such nutlets are known ’Fo the wri among otfer
a:neri of the Borraginacem. The fossil gut.letsoapp;?zzl(zt ; n s
ind shape the nutlets of Oreocarya sv.t.ﬁrutwosaiwe.sz;lzogo tha o o'nly
lomerata (Pl. XXX, Figs. 2a, 2b), }mt these g o oo o
irgintensts, 0. obla : :
g;zloccClta?tatk(lgi.rvf;;%ﬁ;egfézlso tuberculate and tl;eoy arteo;(;l;izzngaic}i
: i livi -eocarya (0. se )
The winged species among the llYlng Ore T (. e e maargin
it Viﬁt:h;c;v:;f Sn:élll?e};tfgggdato the flanks only,l.@ is
he oo tbe El?e %ossil nutlets. 0. chaneyi differs from all o;v;rf
flzil:;szfuz)reocarya also in being 1nc?re1i1;i;llatebccl).t ) ’I‘Oh; Oscc;;/ of At
i les i ica y
?Ch;;;zzhzf ;1111: ’fl?:st)lt}ii? cflsslttllie:?ris discussed above, relate the
Y ,

bgenus
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fossil form with Oreocarya.42 The species is named after Dr. Ralph
W. Chaney.

The living species of Oreocarya are natives of western North
America, including Mexico.

OccurreNcE or Fossi, Nurzers. Found in about a dozen speci-
mens in sandstone about 45 feet below the top of the Ogallala, on

the south side of Goose creek, in Wallace county, Kansas, near the
state line.

Krynitekia auriculate Elias n. sp.
(Pl. XXX, Tigs. ba, 6b, 5c and &d.)

The nutlets of this species resemble in some respects Krynitekia
(Oreocarya) chaneyt, while in some other respects they approach
Krynitakia (Cryptantha) coronaformis. In the whole they repre-
sent a sort of an intermediate stage between the other two fossil
forms of Krynitzkia, as it being their hybrid.

The nutlets are subtriangular in shape, being viewed both from
the sides and from the base, but the triangularity of the shape is
not as sharp as in 0. chaneyi, and the basal view approaches the
coroniform shape of K. (Cryptantha) coromiformis. The back of
K. auriculatq is as densely covered with prickles as the back of K.
coroniformss, but the flanks of the former nutlets are only irregularly
rugose, approaching the smothness of the flanks of O, chaneyi. In
the majority of the nutlets of K. auriculata there can be detected
that the prickles at the edges between the back and the flanks tend
to fuse together, creating an embryo of g wing or an ear (hence
specific name ourculata). In this the K. auriculate nutlets exhibit
again a feature that is intermediate between the wingless K. coroni-
formis and the winged K. chaneyi. The scar of attachment of K.
auriculaty is of the same general type as in the last two species. ,

OccurrENCE o Fogsrn Nurwers. Found in scores of specimens in
somewhat cemented grit about 90 feet below the top of the Ogallala
in W of‘ sec. 4, T. 12 S, R. 42 W., Wallace county, Kansas. Near

1ot ! o rugosa and numerous
fruits of Berriochlog glabra have been found.

42. The species united by Greene in genus Oreocarya were included b i
®_species i y A, Gray in the
genus Krynitekin Tischer and Meyqr, with which also the species of Cryptantha wer}; clagsi-
ﬁGerz.y ﬁ[tahngr ;:)ﬁ)ttalmsts use Ci“.he gente};m é)ame Krynitzkin in the sense of Fischer and Meyer and
» althoy e name Crypiantha has priority over K nitzkia.  Oreocari
are considered as subgenera of Krynitzkia, ,y v oarya and Oryptantha
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Celtis willistoni (Cockerell) Berry.
(Pl, XXIX, Figs. 8a, 8b and 8c¢.)

. 119,
1909. Tithymalus willistoni, Cockerell, Torreya, voll. 19; pp o g, 2o,
1914, Tithymalus willistoni, Coclkerell, kTorlxl'eyr‘zll;,M\;:y.n V,o : .14. e, Ties. 2, 0B, 9
' 1 acodorum, Cockerell, y . e B e,
i;;);’i CT;:;;U?::;:EWP hg:nrbour F. H., Nebragks State Museum, vol. 1, s
. Ce , ] Y
" ituti , 54, Pl, 1, Fig. 8
rlg.?;:és Celtis hatcheri, Chaney, Carnegie Institution Pl.fltxl.t 24?_\,7;) 233’ L e 1, 2.
92’7. Celtis barbouri, Chaney, American Museum qu ate: iq' .298 ;]p‘ s i 1t
:71328 ' Celtis willistoni, Berry, American Museum Novitates, No. y

. . st

Hackberry (Celtis) stones are not rare in the 'lelr{tla?rl :J;dréﬁiz >
cene of North America and in some arenaceous 1:?(,)0 srzl e b
of the Great Plains they are very common. ‘ eved e
been established by various authors‘on t].ne.glgiun i the
stones alone, but the features of _spemﬁc dls’mncJo c:in,diﬁerences e
descriptions, are not very deﬁnlte.and the no eThe e et b
be explained as variation within 4 smgle species. e of ame
size and in rugosity of Celtis willistont s_tones \;lvas anl foot of somme
research by Berry,* and the write1'~ believes t f‘ ;) ogtche e
of a similar quantitative research in the varia 1zab1i8h o o
the living species of Celtis may 1181}.3 us t(_J ei e e e
criterion for specific separation of fossil C'eltz‘s s OT? n Lho foatitee
which have been thus far offered .for .dlscr.lmma io s on
fossil stones are a slight difference in size, dlﬁferenzﬁe e
slight difference in design of the'rugc.)smy. T eyfwn impaﬁ;ial (ot
writer of but little, if any, help in his attempt o _aon D e
influenced by stratigraphical occurrence) compami n of the Colt
stones collected by him in the Ogalla,la: of nox&hw;:lzhermore e
the numerous species previousl.y .desc'nbed. fe, Fnomore 5; v
that his fossil stones are indlst}ngulshable rom ho oo O et

occidentalis, which now grows in the same area

av ollected. ]
StOIr;lesvlil:v?reo?eZTl C’r,his the writer is content at present that Celtis

i i ossil
stones of his collections are refera_ble to the e.a,l'."hesil;l de;cenziei) fcon-
hackberry stones or C. willistoni, and prov11i1];ma i]osely e
cludes that C. willistoni stones p;lorzgl’zs & hackberry .

i i i ivi ccidentalis. '

! I’}‘%elsverriﬁgav{;i:gels“g; iocivrils out that among hundreds of speo;xz:ii
of Celtis stones which he collected in. the Ogallalaf ;élee :23 vk
specimens with very pronounced rugosity of the surface,

iter
mens which are nearly smooth. Intwo cases, furthermore, the wri

43, Berry, 1928, Am. Mus. Novitates, No. 298.
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collected perfectly smooth and lustrous specimens which undoubt-
edly .represent casts of the internal part of the same species of Celtis
It'ls worth while to note here an interesting anatomical feature of
Qeltw stones to which little, if any, attention has previously been
given, but which helps considerably in generic identification of these
stones. This is the presence of g thin canal at the apex of hack-
ber}‘y stones. The canal is located slightly below the apex and is
oblique to the surface of the stone (PI, XXIX, Fig. 8¢).
Occureencr, In numerous localities of Ogallala in northwestern
Kansas and northeastern Colorado, Mostly in the middle portion
of the formation, but occasionally also near the base and about at
the top of it, Usually stones are scattered in a bed of grit or loam
but occasionally segregated to form irregular clusters, '
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PLATE XXVIIT,

EXPLANATION OF PLATES.

PLATE XXVIIL.

Fra. 1. Living Panicum fasciculatum chartaginense (Swartz) Doell. Fruit,
dorsal view. From type specimen, after A, S. Hitcheock and Agnes Chase.
Magnified about 12 times.

Fias. 2a, 2b, 2¢c. Fossil Panicum elegans Elias n. sp. Protective cover of a
fruit made of pale or palea, overlapped by fertile glume or lemma. Type
specimen, Magnified about 12 times. 2a, Dorsal view of lemma. A. Three
ridges at the apex corresponding to three principal veins of lemma. B, Lunal
impression of embryo. Black spot in the lower part of lemma is an incidental
break, 2b, Side view showing distally inflated palea on the right and overlap-
ping lemma on the left. 2¢, Ventral view showing palea inserted in lemma,
C. Two keels or veins of palen. D. Secar of attachment of the fruit. E. Scar
of fibrovascular bundle,

Fra. 3. Living Panicum angustifolium Tl Microphotograph of middle
portion of palea. Magnified 38 times.

Fia. 4. Tossil Panicum elegans Elias n. sp. Microphotograph of middle
portion. of palea. Magnified 44 times,

Notn.—Black portions on the photograph of the living specimen figure 4 correspond to
white portions of the fossil specimen figure 6, nand vice versa, This difference is due to fos-
silization of protective cover, the transparent exterior of the ‘glumes changing “to semi«
transparent or nearly opaque.

Fres. Ba, 5b. Tossil Stipa kansasensis Elias n. sp. Probably an upper
portion of rolled palea with an apical extension into an awn (broken), accom~
panied by a twist (Fig, 5b). Note that the awn of living Stipa (Fig, 10) is
pronouncedly -twisted.- 5a. and 5b are different views of the same specimen,
magnified 5 times,

Fies. 6, 7,.8, 9. Fossil Stipa kansasensis Eliag n. sp. Protective cover of
fruit made of rolled lemma with a joint for awn at the apex. Awn broken
away, Cotypes. Magnified 5 times. 6, Nearly complete lemma with hairy
callus at the base. Lemma mostly exfoliated in the upper half, exposing in-
ternal cast made of sand cemented with calcium carbonste. Lower portion of
lemma nearly bare of tubercles. 7, Large fruit with base broken off, Remains
of lemma, tuberculate in upper half, smooth in lower half, surround internal
cast made of sand. 8, Upper part of lemma covered with upright bristles at
the joint and with tubercles below. Microphotograph 12 is made from this
specimen. 9, Lower part of lemma.

Frg. 10. Living Stipa neesiana Trin., Sketch is made from a herbarium
specimen. Magnified 2 times.

F16. 11, Living Stipa neesiana Trin. Apical portion of lemma, showing
bristles of the top and tubercles below with striations on the interspaces of
the surface. Tubercles appear as black round spots, which is due to their
transparericy. The corresponding tubercles of the fossil fruits (Fig, 12) are
opaque, which is due to. fossilization. Thus they appear white and prominent
on the photograph. Magnified 381 times.

F1c. 12. Fossil Stipa kansasensis Elias n. sp. Apical portion showing bristles
at the top and tubercles helow with striations on the interspaces of the sur-
face. Cotype. Magnified 83 times.

Fras. 13a, 13b, 13c. Fossil Berriochloa glabra (Berry) Elias n. comb. Small-
size fruit, Magnified 5 times. 13a, Ventral view of lemma, with inclosed palea.
13b, Side view of lemma. A, Middle keel or vein. B, Basal portion of awn
which is broken away. 13¢, Basal view of lemma with inclosed palea. C,
Scar of attachment, D, Lateral keels or veins,

Tre, 14, Fossil Berriochloa glabra (Berry) Elias n. comb. Apparently peri-
carp of earyopsis, which was found inside of a protective cover. Portion to
show anatomy. Black spots represent transparent tissue with less transparent !
ridges forming a net. Magnified 35 times. , ;

F1e. 16. Fossil Berriochloa glabra (Berry) Elias n. comb. Portion of lemma
to show longitudinal striation. Magnified 32 times.

T1e. 16, Fossil Berriochloa glabra (Berry) Elias n. comb., Portion of lemma, f
to show irregular transverse sculpture. Magnified 32 times, '

A
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PLATE XXIX.

Tes. 1a, 1b, le. Tossil Berriochlog glabra (Berry) Elias n. comb. Large-
size fruit. Magnified 5 times. 1a, Side view of lemma. A, Middle keel or
vein, B, Lateral veins. C, Basal portion of awn which is broken away. 10,
Ventral view of lemma with inclosed palen. D, Two ribs or veins of palea.
le, Basal view. Note five ribs of lemma and two of palea,

Fras. 2a, 2b, 2, 2d. Fossil Biovbia rugosa (Berry) Elias n. comb, Right
(in differentiation from left) nutlet. Magnified 10 times, 2a, Ventral view,
2b, Side view. 2¢, Dorsal view. 2d, Basal view,

F1a. 3. Tossil Biorbig rugosa (Berry) Tlias n. comb. Restoration of a frujt
made of four nutlets. Side view., Magnified about § times.

Fia. 4. Living Anchusa officinalis Linneus. TFour nutlets {ruit. Top view.
Specimen from Denmark, Botanieal Gardens, Magnified 10 times.

Fies. 5a, 5D, 5¢. Living Anchusa officinalis Linneus. Left nutlet, from same
locality. Magnified 10 times, 5a, Dorsal view, 5b, Side view. 3¢, Ventral view.

Fre. 6. Living Anchusa officenalis Linneus. Microphotograph of the distal
part of a nutlet. Magnified 35 times,

Fie. 7. TFossil Biorbia rugosa. (Berry) Elias n. comb. Microphotograph to
show fine tubular holes which are seen on somewhat exfoliated surface of a
nutlet, Magnified 35 times,

Fics. Ba, 8b, 8c. Fossil Cellis willistons (Cockerell) Berry. 8a, Side view.

8b, Rear view (sculpture nat shown). 8¢, Internal view of apical portion of a
stone. 8a, 8b magnified 5 times. Se¢ magnified 10 times.
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Fres. la, 1b, 1¢, 1d. Fossil Krynitzkia (Cryptantha) coronformis Elias n.
sp. Nutlet. Type specimen. Magnified 10 times. la, Basal view. 15, Dorsul
view. le¢, Side view. 1d, Ventral view.

Fies. 2a, 2b. Living Krynitzkic (Oreocarya) glomerata (Pursh) Green.
Nutlet from Canon City, Colo. Magnified 10 times. 2a, Ventral view. 2b,
Top view.

Fres. 3a, 3b. Living Krynitzkia (Cryptantha) erassisepala (T. & G.) Green.
Tuberculate nutlet from Wichita county, Kansas. Magnified 10 times. 3a,
Basal view. 3b, Ventral view.

NoTe.—Vertical line to the right indicates comparative length of the smooth nutlet of the
same fruit, to which the tuberculate nutlet belongs.

Fres. da, 4b, d¢, 4d. Fossil Krynitzkia (Oreocarya) chaneyi. Tlias n. sp.
Nutlet. Magnified 10 times. 4a, Top view. 4b, Dorsal view. 4¢, Side view.
4d, Ventral view.

_ Figs. 5q, b, 5c, 5d. Fossil Krynitzkia awriculate Elias n. sp, Nutlet, Mag-
nified 10 times. 5a, Bottom view, 5b, Dorsal view, 5¢, Side view, 5d, Ventral
view.

Fie. 8. Fossil Populus balsamoides Goeppert. From the diatomaceous
marl of Beaver county, Oklahoma. Natural size.

Fias. 7a, 7b. Fossil Populus of, balsamoides Goeppert. From the diatorna-
ceous marl of Wallace county, Kansas. Natural size. 7a and 7b are positive
and negative of the same fragmentary leaf. 7a shows nerves. 7b shows den-
tate edge of the leaf.

Fia. 8. Petrified stems (straw) of grasses. Natural size. From Ogallala
formation, Kansas.
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