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CHAPTER XIY.

FOSSIL FLORA OF THE YELLOWSTONE NATKJNAL PARK.

By Frank Hall Knowlton.

HISTORICAI^ SU3IMARV OF AVOKK OX THE FOSSIL FLORA.

As nearly as I have been able to determine, the first coUeetidn of fossil

plants made in tlie Yellowstone National Park was ol)tained hv members

of the United States Geoloo'ical Survev nnder Dr. F. V. Havden, in 1S71.

They were found in two localities, and were recorded by Prof. Leo Les-

querenx,^ as follows: "Divide between the source of Snake River and the

southern shore of Yellowstone Lake," and " Near Yellowstone Lake, among

basaltic rocks." It has not l)een possible to rediscover these localities, and

several of the species remain unique.

In the following- year (1.S72) the Park was again visited bv a party

under Dr. Ilayden. The members of this party investig'ated the north-

eastern portion of the Park and discovered the rich plant deposits on the

Yellowstone River, a short distance below the mouth of Elk Creek. The
actual collectors were Messrs. A. C. Peale, .Joseph Savage, and ( ). C. Sloane.

The plants re})resented five species, which were determined Ijy Professor

Lesquereux.'-

The Fossil Forest, that has since become so widely known, was first

described by Mr. W. H. Holmes in 1878.'* He visited and quite thoroughly

explored the Fossil Forest and vicinity and made a small collection of

plants that were submitted to Professor Lesquereux. ]\Iost of these plants

' were determined to be new to science, but they were neither named nor

<j- ' Ann. Kept. U. S. GeoL and Geog. .Surv. Terr, for 1871, pp. 295, 299.

2 -Op. cit., Kept, lor 1872, p. 403.

-Op. cit., Kept, fur 1878, Pt. II. pp. 47-50.
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(lescvil )0(I. II( limes pointed nut the fact, since abundantly confirmed, of

the succession of forests that have l)eeu entombed one above another. His

section of Amethvst ^fountain shctws clearly this remarkable phenomenon.

In ()ctol)er, 1874, Dr. ( )tt() Kuntze, a celebrated (rerman botanist, then

on a Ijntanical exjilorini;- jouriie\' around the world, visited the Park and

made .some iiiterestini;' observations on the process of petrifaction of trees

now s^'oino- on in the vicinitv of the g-eysers an<l Imt spring's. His pa})er

was not i)rinted, however, until liis return to (Termany in 188(i.^

The tlioroui;li exploitation of the Park was Tiegun and carried on for

several \ears bv the Yellowstone Park Division of the ])resent Geological

Survev. In 1883 the work was extended toward the northeastern portion

of the Park, and collections of greater or less extent were made at many

])laces. In 1^8.') the Fossil Forest section was worked out, and large col-

lections were made by Mr. Arnold Hague, Mr. W. II. AVeed, I\li-. Ueorge M.

Wriglit, and Prof. J. P. Iddings.

In the sununer of 1S87, Prof. Lester F. Ward and I spent about six

weeks in the viciuit\' of the Fossil Forest, making large collections of fossil

wood and leaf impressions. The exact localities are enumerated below.

Tlie following season I spent two months in tli(_^ same area, discovering

many new Ijeds of plants ami more thoroughly exploring and collecting

from beds previously known. These are also recorded in the following list

of localities.

LIST OF LOCALITIES AT WHICH FOSSIL PLANTS HAVE BEEN COLLECTED IN

THE YELLOWSTONE NATIONAL PARK.

1871.

Divide between the smuee of Suake River aud tlie soutlierii shore of Yellowstone

Lake; Haydeii survey. (Not sinee observed.)

Near Yellowstoue Lake, ainoiiy basaltic rocks; Haydeii survey. (Not since

found.)

1872.

Yellowstone River below mouth of Elk Creek; A. C i'eale, Jusei)h ttavaye,

and O. 0. Sloaue.

1878.

Amethyst Mountain in vicinity of Fossil Forest; W. H. Holmes.

I Das Aiislniid. ISSil, pp. UGl-oBi, 3iK)-39o, t)6.i-672, 084-(38i1.
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1883.

Audesitie breccia near ^ulcli northwest of peak west of Dunraveu; J. P. Iddings,

September lli, 1SS3. (Field Nos. SO, 77.)

Needle Hill near Yaiiceys; W. PL Weed, October !), 1883.

Tower Creek; Arnold Uagiie, September 10, 1883. (Field Nos. 1030, 1031.)

1884

Fossil Forest section, lower stratum; Arnold Hague, September 24, 1884.

(No. 11321.) *

Fossil Forest section, middle stratum; Arnol.l Hague, September 24, 1884.

(No. 1220.)

Fossil Forest section, upper stratum; Arnold Hague, September 24, 1884.

(Nos. 1217, 1318, 1219.)

Sandstone on top of ridge west of Mink Creek ; Arnold' Hague. (No. 2332.)

1885.

Signal Hill; W. H. Weed, September 28, 18S5.

Head of Tower Creek; W. H. Weed, September 25, 188-5.

East slope of high bill three- fourths mile south from I'anceys; George M.Wright,

September 4, 1885.

' Near top of south wall of canyon of Yellowstone Kiver, about 1 mile up stream

from mouth of Hellroaring Creek; George M. Wright, September 9, 1885.

Fossil Forest section, No. 1 of section; W. H. Weed and George M. Wright,

SeiJtember 19, 1885.

Fossil Forest section, No. 15^( of section; W. II. Weed and (George M. Wright,

September 19, 1885.

Fo.ssil Forest section. No. 22c of section; W. H. Weed and George M. Wright,

September 20, 1885.

Fossil Forest section. No. 20 of section: W. H. Weed aiidGe(nge M. Wright.

September 20, 1885.

Fossil Forest section, No. 20 of section ; W. H. Weed and George M. Wright,

September 20, 1885.

Top of Mount Everts, west face, nearly opposite bridge over Gardiner Kiver,

between Mammoth Hot Springs and Gardiner; George M. W^right, July 7, 1885.

1887.

Fossil Forest, bed No. 1, lowest bed about 7,700 feet altitude; Lester F. Ward

and F. H. Knowlton, August, 1887.

Fossil Forest, bed No. 2; Lester F. Ward and F. H. Knowlton, August, 1887.

Fossil Forest, bed No. 3, "Magnolia bed," 300 feet above bed No. 1; Lester F.

Ward and F. H. Knowltou, August, 1887.

Fossil Forest, bed No. 4, " Aralia bed," 425 feet above bed No. 1 ;
Lester F.

W^ard and F. H. Knowlton, August 20, 1887.
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Possil Forest, bed No. 5, "Salix bed," about 4()(» feet above bed No. 1; Lester F.

Ward and F. H. Knowltou, August I'J, 18S7.

Fossil Forest, bed No. 6, "Platanus bed," 4'-!,j feet above bed No. 1; Lester F.

Ward aud F. H. Kuowltoii, August 19, 1887.

Fossil Forest, bed No. 7, Ligliest bed. 515 feet above bed No. 1; Lester F. Ward
aud F. II. Kuowltoii, August, 1887.

Hill back of Yaueeys, near standing truuks: Lester V. Ward and F. H. Knowl

ton, August 10. 1887.

Cliff west of Fossil Forest Itidge, near Chak-edouy Greelc, lowest bed, altitude

aliout 7,'.iO(l feet; Lester F. Ward and F. H. Knowltou, August 15, 1SS7.

Cliff west of Fossil Forest Ridge, upper bed, 250 feet above lower bed; Lester

F. AVard and F. H. Knowltou, August 15, 1.S87.

East end of Fossil Forest Mountain, bed on same horizon as fossil trunks;

Lester F. Ward aud F. II. Knowltou, August 1.3 and 22, 1887.

Sjiecinien Kidge, head of Crystal Creek, opjiosite mouth of Slough Creek,

"Platauus bed." altitude about 7.500 feet; Lester F. Ward aud F. H. Knowltou,

August 24, 1887.

Specimen Kidge, opposite mouth of Slough Creek, "Quercus bed," 100 feet above

"Platauus bed;'' Lester F. Ward and F. H. Knowlton, August 25. 1887.

North of Pinyon Peak, on Wolverine Creek, altitude 7,!)00 teet; Arnold Hague,

August 10, 1887.

1888.

Yellowstone Kiver, one-half mile below mouth of Elk Creek, bottom of bluff';

F. H. Knowlton, August 29, 1888.

Yellowstone I'iver, one- half mile below mouth of Elk Creek, .'>0 or 40 feet above

the river; F. H. Knowlton, August 27, 1888.

Yellowstone River, one-half mile below mouth of Elk Creek, lop of bluff'; F. H.

Knowlton, August 27, 1888.

Bluff on Yellowstone Piver, 1 mile lielow mouth of Elk Creek: F. II. Knowlton,

August 4, 1888.

Cliff' on Yellowstone River, short distance above mouth of Ileilroaring Creek;

F. H. Knowlton, August 10, 1888.

Southeast side of lull above Lost Creek, bed No. I; F. H. Knowlton, August

8, 1888.

Southeast side of hill above Lost Creek, bed No. 2; F. H. Knowlton, August

8, 1888.

Southeast side of hill above Lost Creek, beds No. 3, 4, 5; F. H. Knowlton,

August 8, ISSS.

Southern end of Crescent Hill, 300 feet above wagon road; F. H. Knowlton,

August 9, 1888.

Southeru end of Crescent Hill, " Platauus bed''; F. H. Knowlton, August 9, 1888.

Northeast side of Crescent Hill, opposite small pond in slope, altitude about

7,500 feet; F. H. Knowltcm aud G. E. Culver. August 2, 1888.
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The Thiuulerer, opposite Sod;i Hutte; F. H. Ivmiwltou and (t. V.. Culver. August

29, 1S8S.

East bank of Lamar IJiver, betweeu Cache and Calfee creeks: F. H. Kuowltou

and G. E. Culver, August 21, 1888.

Hill on road.just above Yanceys: F. H. Knowlton, August G, 1888.

Hill near the Yancey fossil trunks; F. II. Knowlton, August 28, 18SS.

Mount Everts, near summit of west end; F. H. Knowlton. July 27, 1888.

Mount Everts, coal opening ou side facing the Gardiner Kiver (fragments) ; F. H.

Knowlton, July 26, 188s.

DESCRIPTION^ OF KXOWxN FOSSIL PLANTS FROM THE LARAMIE
OF THE YELLOWSTONE NATIONAL PARK.

ASPLENIUM HAGUEI U. sp.

PI. LXXVII, figs. 1, 2.

Fi'oiid thin, (k'licate, lanceolate in outline, l)ipinnate, slender, .straight;

pinna; alternate, scattered, oblong-lanceolate in sha|)e, cut into few coarse

divisions w hich are either entire or again cut into few olituse teeth; nerva-

tion ohscinv, consisting of a delicate midvein and few forked liranches

from it.

This delicate little form is represented by a dozen or more specimens.

The longer fragment (tig. 2) is about 4.5 cm. in length and abotit l.n cm.

broad. The others are more fragmentary.

Nothing like this has been l)efore rejjorted from the Laramie group. It

has some resemblance to Sphcnopterls giit/ottii Lx.,^ from the Green liiver

group at Florissant, Colorado. Ijut is much smaller and of decidedlv ditier-

ent sliajte.

It is not certain that it belongs to the genus Asplenium, as no fruit has

Iteen observed, but it resembles, at least generically, a luimber of forms

so referred from the Cretaceous of Grreonland. For the present it may be

retained in this genus.

I have named it in honor of the collector, ]\Ir. Arnold Hague, of the

United States Geological Survey.

Habitat: North of Pinyon Peak, on Wolverine Creek, Yellowstone

National Park; collected b^' Arnold Hague, August 10, 1887.

' Ciet. auil Tort. Fl., p. 1S7. PI. XXI, figs. 1-7, 1883.
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(")XOCLEA MINIMA IL. Sj)

ri. LXXVII, tigs. 11-LJ.

Fertile frond nnkiiDwu; sterile frond small, apparently deltoid in

outline, deeply pinnatifld into short, rounded, obtuse pinna-, whieli are

]ierfectlv entire or are cut into few large, coarse teeth; nervation as in the

living 0. si'iisibil/.s.

This tine little s|)ecies is represented l)v a dozen or more speeiineus,

the best of which are figured. They are all a})j)arentlv fragments, and

consequently it is impossible to make out the real shape of the frond with

any certainty. One of the most perfect specimens (fig. 13) is about 3.5

cm. long, and represents the upper portion of a frond or ])ossibly pinnule,

if it is a large compound frond The larger fragment (tig. lo) is 4.5 cm.

lono- and about 4 cm. broad, but it is broken at botli ends and there is no

means of determining how Ion;;- it was originally. Fig. 12 at first sight

seems to be entirely dift'erent from the others, liut on comparing it with fig.

14 the only difference observal)le is that one is cut into a few coarse teeth

and the other is entire. The nervation seems to be the same in all and to

be identical with tliat of the living sensitive fern.

Regarding this interesting species, 1 am somewhat uncertain as to the

shape of the frond, and less so as to the genus to which it belongs. Two of

the most perfect forms (figs. 11, 13) seem to have come from the upper

portion of a frond sinfilar in general shape to the sterile frond of Oiioclca

sfiisihiUs; but, on the other hand, figs. 12 and 14 have much the appear-

ance of l)eing deeply lobed pinna?, resembling some of the lower ones in

(). seiisihilii. More material will be necessary to settle this point, but in

the meantime the species is characteristic enough to be readily distinguish-

able, and hence is available for geological purposes.

This species was at first thought to be identical with a plant that has

been described under the MS. name of Woodivardla creiiata, which comes

from Point of Rocks, Wyoming. This latter is known only from a mere

fragment, however, and if ailditional material could be obtained it might

.show them to Ije the same. At present TF. ercudfa may be distinguished as

beino- much larger and in having undulate-crenate margins which are

minutely serrate. The nervation is practically the sanie in both.

Oiiodea m'muud has some resemblance to 0. senslhUls fossUis from the

Fort Union group, near the mouth of the Yellowstone. It differs in being
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lianllv one-fifth tlio size and in liavino- the lobes obtuse and coarsely toothed

instead of acute and entire. The nervation is nearly the same in both.

The species under consideration has also the same nervation as Wood-

H'urdia pyeurcolatu from Crescent Hill, but differs essentially in size and

shape.

The resemblance to Woodivardui hdilohd Lx., from tlie Denver group of

Colorado, is still more remote.

Habitat; North of Pinyon Peak, on Wolverine Creek, Yellowstone

National Park; collected by Arnold Hague, Aug-ust 10, 1S87. (Field No.

3031.)

Anemi.\ subcreta.(e.\ (Sap.) Gard. and Ett.

Anemia subcretacea (Sap.) Gard. aud Ett.: Moiiogr. Brit. Eoc. Fl., Vol. I, Pt. II, p. -t5,

PI. VIII; PL IX, 18S0.

Gymiiof/ramiiui hnydenii \j.: Ann. Eept. U. S. Geol. aud Geog. Siirv. Terr., p. 'J!»5, 1871

(1872); Tert. FL, p. 59, PL V, figs. 1-3, 1878.

The type locality of this species is described as "Divide between the

source of Snake River and the southern shore of Yellowstone Lake." It

has not since been found inside the Park.

Habitat: As above given.

Sequoia langsdorfii! (Brgt.) Heer.

PL LXXVII, fig. 5.

It is with some hesitation that I refer this fragment to this species. It

is small and not well preserved, but the leaves appear to lie decurrent and

to approach closer in character to this species than to au^' other with which

I am familiar.

Habitat: North of Pinyon Peak, on Wolverine Creek, Yellowstone

National Park; collected by Arnold Hague, August 10, 1887.

Sequoia reichenbachi (Gein.) Heer.

Sequoia reichenbachi (Gein.) Heer: Flor. Foss. Arct., Vol. I, p. 8.'j, PL XLIII, figs. IJ,

2b, M, 18ii8.

Abietiies dubiits Lx. ex p. Lesquerenx: Tert. FL, p. 81, PL VI, figs. L'O, 21, 21«.

Knowltou : Bull. U. S. Geol. Surv. Xo. lOo, p. 46, 1893.

Two small worn fragments are referred to this species. Tliey are

obscure, but with little doubt are correctly referred to this form.

Habitat: Mount Everts; about 100 feet above coal mine on west end,

below ]\rammoth Hot Springs: collected by F. H. Knowlton, July 26, 1888.
MON XXXII, PT II 42
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Phragmites falcata n. sp.

PL LXXVIII, fig. 5.

Leaves narrowly lanceolate, with a long- acuminate apex; nerves rntlier

sparse, about ten in the width of the leaf; intermediate nerves obsolete.

This species rests upon the fragment figured, and, scanty as the

material is, differs markedly from the species with which it is associated

and to wliich it is most closely related—that is, /'. aJ((s],-(i}i(i Heer.

The fragment is 8 cm. in length and 11 mm. in \^•idth. It tapers for a

distance of 5 cm. to a long, sharp point, thereb}' differing from 7'. alaskaiui,

which is "obtuse or obtuseh' mucronate." The primary nerves are 1 mm.

apart and reasonably distinct. The secondar}' or fine nerves can not be

made out, owing to the ])Oor state of preservation.

Habitat: Mount Everts, near summit of west end; collected by F. H.

Knowlton, July 27, ISSS.

GeONOMITES SCHTxMPERI Lx.

Ueonomites scMmptri Lx. : Tert. Fl., p. 110, PI. X, fig-. 1 (1878).

Sahal major ^. Uug. Lesquereus : Fifth Ami. Kept. U. S. GeoL aud Geog. Surv. Terr.,

p. 295, 1871 (1872).

This species was collected with Aneiiila snbcrctacea, and the sjiecimens

on wliich it is based are preserved in the United States National Museum.

The species has not been since collected.

Habitat: " Divide between the source of Snake River and the southern

shore of Yellowstone Lake."

MVRICA BOLANDERI ! Lx.

PI. LXXVIII, fig. 4.

Myriea bolanderi Lx.: Tert. FL, p. 133, PL XVII, tig. 17 (1878).

Ilex undulata Lx. :
' Seventh Aim. Kept. U. S. Cieol. and Geog. Surv. Terr., 1873 (1874),

p. 41C.

I refer this single fragment with some hesitation to this species. It

differs slightly from the type specimen, which also appears to be the only

one thus far mentioned. The one under discussion is about the same size

' When this was trnusferred to Myriea, the specific name iiiidiilata became preocciipipcl by M.

undulata (Heer) Schimp., PaL Veg., VoL II, p. 54G (1870-1872).
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and lias the same toothing in tlie upper portion, differing only in being a

little more acute than the type. The basal j^ortion is wanting.

The locahty which afforded the original siiecimen is unknown (cf. Tert.

Fl, p. 133), but from the fact that it was sent to Lesquereux with a lot of

material from near Florissant, Colorado, it was assumed to Ijelong to the

Green River group. It is preserved in the collection of the United States

National Museum (No. 1652), and appears to have actually come from the

Florissant shale.

Habitat: ^Mount Everts, near summit, on western end; collected l)y

F. H. Knowlton, July 27, 1S88.

QqEKCUS ELLISIAX.'V Lx.

PI. LXXTII.tig.C.

(^nerens ellisimw Lx.: Fifth Auii. Kept. U. S. Geol. and Geoo-. Surv. Terr., 1871 (1872),

p. 297 ; Tert. FL, j). 155, PL XX, figs. 4, 5, 7, 8, 187S.

A consideral:)le number of s})ecimens that leave no doubt as to the

correctness of their determination.

The example figured is only partially preserved and is much larger

than is usual in this species. It has, however, the shape and nervation of

Q. eJUsiaiia, and I refer it with some hesitation to this form.

Habitat: :\Iount Everts, near the sunnnit of the west end; collected

by F. H. Knowlton, July 27, 1S88. The figured specimen was collected

by George M. AVright, July 7, 1885, on the top of Mount Everts, on the

west face.

Malapoenna weediana? Kn.

Malapoenna n-eediana Kn.: BulL U. S. Geol. Surv. No. 152, p. 142, 1898.

Litsea tceediana Kn.: BulL U. S. GeoL Surv. No. 105, p. 55, 1893.

Teranthera sessiUftora Lx. ex. p, Lesquereux : Tert. FL, p. 217, PL XXXV, flg. 9, 1878.

There is a single, nuich broken fragment that appears to belong to this

species. It is too fragmentary to be positive.

Habitat: Top of Mount Everts, west face; collected by George M.

Wright, July 7, 1885.

Paliurus minimus n. sp.

PL LXXYII, tigs. 7-9.

Leaves thin, membranaceous, nearly circular in outline, very slightly

wedge-shaped at base, rounded and obtuse at apex; margin perfectly
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entire; equally five-nerved from the l:)ase, with au occasional branching of

the outside nerve, making the leaf appear seven-nerved; midnerve thin,

straight, passing to the upper border; other nerves of same strength,

camptodrome, arching in bows and joining the midvein or midrib; lateral

l)rauches few, at an acute angle; finer nervation not preserved.

This tine characteristic species is represented 1)}' a number of fairly

^^'eIl preserved examples, the best of which are figured. They are about

2.8 cm. in length and about the same in width. They are nearly circular

in shape, being slightly wedge-shaped at the base, but perfectly obtuse at

the apex. The nerves are all of about equal strength and divide the space

of the blade into " approximately equal areas. They occasionally branch,

especially the thin central ones.

This species is undoubtedly quite closely allied to several described

forms. From PaUurus colonihi Heer^ it differs in shape and nervation. It

is very much like some of the small leaves of F. zutjplioides Lx.," from the

Laramie of Erie, Colorado, and Black Buttes, Wyoming, but they differ in

having' the nerves arisiny from the midrilj well nbove the base of the blade.

The species under discussion has precisely the same sliape and nuich the

same nervation as Zlzyplms )iu-ekii Lx.,^ but this differs essentially in having

a dentate margin.

On the whole it nia}' be characterized by its circular shajie, entire

margin, and five nerves from the base.

Habitat: North of Pinyou Peak, on Wolverine Creek, Yellowstone

National Park; collected liy Arnold Hague, August 10, 1887.

PaLIURUS ZIZYPHOIDE.S? Lx.

PI. LXXVIII, fig. 3.

PaUurus zizyphoides Lx. : Tert. Fl., p. 274, PI. LI, tigs. 1-0, 1878.

This very small leaf is broken at the base and otherwise oljscure, but

seems to belong to this species.

Habitat: North of Pinyon Peak, on Wolverine Creek; collected by

Arnold Hague, August 10, 1887.

' Lesquereux, Tert. FL, p. 273, PI. L, figs. 13-17.

2 0p. cit.,Pl. LI, fig. 2.

^Op. cit.. p. 275, PI. LI, figs. 10-1-1.
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DOMBEYOPSIS PLATAXOIDES Lx.

PL LXXVIII, fig. L

Domheyopsis platanoides Lx. : Tert. FL, p. 254, PL XLVII, figs. 1, 2, 1878.

A sino-le specimen.

Habitat: Top of Mount Everts, west face; collected by George M.

Wright, July 7, 1885.

Andromeda gravana Heer.

Andromeda grayana Heer: FL Foss. Alaska, p. 34, PL VIII, fig. 5. Lesquereux:

Tert. FL, p. 234, PL XL, fig. 4. Knowltou : Bull. U. S. Geol. Surv. No. 105,

p. 56.

Habitat: Mount Everts, near the summit of the west end; collected

by F. H. Knowlton, July 27, 1888.

Trapa? microphylla Lx.

PL LXXVIl, figs. 3, 4.

Trapa'/ microphylla Lx.: Tert. FL, p. 295, PL LXI, figs. 16-17fl. Ward: Types Lara-

mie FL, p. 64, PL XXVIII, figs. 2-5.

This is undoubtedly the same species as that figured by Lesquereux

from Point of Rocks, Wyoming, and by Ward from Burns Ranch, on the

lower Yellowstone. It shows more the habit of the specimen figured by

Ward, but has the general nervation of all the specimens referred to this

species.

In fig. 15rt of Tertiary Flora the leaflets are petioled, while in fig. 15

they are clearly similar to Professor Ward's examples.

These curious but well-marked leaves can not possibly belong to the

genus Trapa as we now understand it, but as I am at present absolutely

unable to suggest any other afiinity, I can do nothing- but leave their

correct determination to be settled b}' future workers.

Habitat: North of Pinyon Peak, on Wolverine Creek; collected b}-

Ai-nold Hague, August 10, 1887.
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DiosPYRos STENOSEPALA Heer.

Diospyros stenosepala Beer. Lesquereux : Fifth Ann. Eept. U. S. Geol. and Geogr.

Surv. TeiT., p. 296, 1871 (1872).

Habitat: "Divide between the source of Snake River and the southern

shore of Yellowstone Lake."

Fraxixus denticulata Heer.

PL LXXVIir, fig. (I. 1

Fraxinus denticulata Heer: FL Foss. Arct., Vol. L p. 118, PI. XVLfig.4; Pi. XLVII,

fig. 2. Lesquereux : Tert. Fl.. p. 228. PI. XL. fig.s. 1,2.

Several well-preserved specimens that are referred with certainty.

Besides these there are several other well-preserved examples, of which the

one figured is perhaps the best, that are somewhat larger than the types,

but still appear to ))elong with them. The nervation is obscure, but the

shape and toothed margin are quite similar.

Habitat: Mount Everts, near summit of the west end; collected by

F. H. Kuowlton, July 27, ISSS.

Viburnum rotundifolium Ix.

PL LXXVII, fig. 10; PI. LXXVIir, figs. 2, 8. 9.

Tihtrnum rotundifolhim Lx.: Tert. FL, p. 22.5, PL XXXVII. tig. 12; PL XXXVIII,

tig. 10; PLLXI, tig. 22.

There is considerable difference in size among the specimens, but they

seem to belong together, and to approach quite closely to Lesquereux's

species. The small leaf shown in fig. 9, for instance, is certainly the same

as the plant figured by Lesquereux (loc. cit., PI. LXI, fig. 22), while fig. 8

is like fig. 10, PI. XXXVni (loc. cit.).

Habitat: North of Pinyon Peak, on Wolverine Creek; collected by

Arnold Hague, August 10, 1887.
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Tiiblc slioiciiig geoloijUnl distribution nf Laramie plants.
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This flora embraces only 18 species, of wliicli number 8 are confined

to tlie Mount Everts locality, 7 to AVolverine Creek, and 3 to the above-

mentioned doubtful locality.

Of the 8 species found at Mount Everts, 1 (^I'lira/jDiitcs fulcidct) is

described as new, and 2 species {Qiiercus ellisiana and Domheyopsls pJai-

anoides) have never before been found outside of the so-called Bozeman

Laramie. The 2 species reg'arded as doubtful (^3Ii/rica hoJundcri and

Mcdapoenna iveedianci) depend on a single fragment each and are obviously

of no value in determining- the age. They are found normally in much

higher liorizons Of the 3 remaining species. Sequoia reichenhacJii has

been found in tlie Livingston beds, but is also found in the true Laramie,

and abundantly in still older strata. Andromeda firaijaiia and Fraxim<s

denticidata have been found in both Larnmie and Livingston beds in the

Bozeman area.

The evidence of the fossil plants confirms that derived from the study

of the stratigraphy, namely, that tlie beds near the summit of Mount

Everts are of Laramie age.

Of the 7 species from Wolverine Creek, 3

—

Asplenium liaguei, Onoclea

minima, and Paliurus minimus—are described as new. The first of these

does not ajipear to have any very close relatives in North America, lint

apparently finds its nearest analogue in certain species from the Creta-

ceous of Greenland. Onoclea minima, on the other hand, is ver}- close indeed

to a fern from Point of Rocks, W3'oming, that has l)een described under the

manuscript name of Woodivardia crenata. The Wyoming plant depends on

two or three small fragments, which, as pointed out under the diagnosis of

Onoclea, are hardly sufficient to properly characterize it. It is c[uite possi-

ble that when new material shall be obtained these two plants will be found

identical. Paliurus minimus is perhaps nearest to P. zizyphoidcs from Black

Buttes, Wyonnng, and Erie, Colorado. The 4 remaining species are

distributed as follows : Sequoia langsdorfii is represented b}' 1 small branch-

let, and the identification is ])robably correct, as it is an easily recognized

species. It has a wide geological and geographical distribution, being

especially abundant in the lower Eort Union beds. Faliurus minimus is

doubtfully identified in this material. As stated above, it is a true Lara-

mie species. Viburnum rotundifolium is also a Laramie species. It has

never before been found outside of the type locality, which is Point of
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Rocks and Black Buttes, WyomiiiL;-. The most interesting species is Trapaf

microphyJlu. It is represented by several perfectly characteristic specimens.

This species was tirst described from Point of Rocks, AVyoming, and was

found later by Professor Ward in lowest Fort Union beds, near the month

of the Yellowstone River. The Wolverine Creek specimens approach

closest to Professor Ward's specimens. Professor Ward is of the opinion

that these lower beds represent the Laramie, since the plants in them differ

from those in the nndonbted Fort Union beds.

The tln-ee species from the divide between Snake River and the

sonthern part of Yellowstone Lake are of little value in determining the

age. Geonomites scliimppri has never been fonnd in any other locality, and

D'wspiiros stenosepala is verv doulitful indeed. It has not since been col-

lected, and the specimen on which Lesquereux based his determination can

not now be fouml. The only remaining species, Anemia suhcretacca or

Gyiuiiognunnta haijdcuii of Lesquereux, has a wide distribution, having been

found in the Laramie, Denver, and Eocene.

DESCRIPTION OF FOSSIL PLANTS FROM THE TERTIARY OF THE
YELLOWSTONE NATIONAL PARK.

PLANTS, EXCLUSIVE OF FOSSIL WOOD.

FILICES.

WOODWARDIA PREAREOLATA U. Sp.

PI. LXXIX, fig. 1.

Frond pinnate; pinnre alternate, lanceolate, with slightly undulate

margins, connate at their bases, forming a broad wing on the rachis; nerva-

tion strongly reticulated, consisting of one or two rows of long lacuna?

next to the main rachis and along the secondary rachis, and the remainder

forming large polygonal, slightly elongated, meshes.

Unfortunately the specimen figured represents the only example found.

It is far from perfect, being only a segment from the middle of a frond,

and consequently no idea can be gained of the outline of the whole frond.

The segment of the main rachis is 8 cm. long. The pinnae are regularly
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alternate—that is, are the same distance apart. They are at least 6 cm. in

leno-th and '2 cm. in width. The full length and form of the apex could not

be determined. The nervation is well shown in the figure.

This species is undouljtedly very closely related to the living Wood-

wardia areolata (L.) ^loore—so closely, in fact, that it is hardly possible to

separate them satisfactorily. The pinniB are alternate, of the same shape,

and have identical nervation in both. The only ditferent-e is that the

marr^irs of the pinna? are entire in the fossil and more or less serrate in the

living species. It is possible that more material of the fossil form would

show differences in this respect and bring them absolutely together.

This new fossil species nuu-li resembles Onoclea sensihiUs fossilis New-

berry, from the Fort Union group, but it differs in having strictly alternate

pinnse that are as far apart as it is possible to be. The pimia? are also without

lobes of any kind, being only slightly undulated. The nervation differs

.sliii'htlv in producing more elongated areola? in 0. sensibiUs fossilis.

In nervation W. preamohda resembles TI". hdiloha Lx.,^ from the Den-

ver group, but differs markedly in having the pinna" unlobed.

Habitat: Northeast side of Crescent Hill, op})o.site small pond; col-

lected by F. H. Knowlton and G. E. Culver, August 2, 1888.

ASPLF.NIUM lUDINGSI U. .Sp.

PI. LXXIX, tigs. 2.3; PI. LXXX, ligs. 0.10.

Frond large, at least twice pinnate; main rachis thick, slightly zigzag;

pinna? alternate, remote, standing at an angle of 30° to -45°, long-lanceolate,

tapering to a rather slender apex, rachis strong, often abruptly curved

upward, cut into numerous alternate, oljlong, obtusely-acuminate pinnules

with upward-turning points; nervation of pinnules simple, consisting of a

slender midnerve and about 9 pairs of unforked, close, parallel branches,

which are slightly arched forward in passing to the borders; sori oblong,

nearer the margin than the midnerve.

This fine species is represented by a large number of well-jjreserved

specimens. It api)ears to have been a very large fern, possibly several

times pinnate, but none of the specimens show the larger connections. The

largest rachis with pinnje attached is 4 nun. thick, l)ut on the same stone, and

'Tert. Fl., p. 54, PI. Ill, figs. 1, la.
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evidently of the same species, are stems or rachises fully -S mm. thick. There

is some evidence to indicate that they were combined into a very large

frond, but it is not conclusive. The longest example is about 20 cm. long

and spreads about 9 cm. The longest pinna (PI. LXXX, fig. 9) is preserved

for 9 cm. and still lacks the terminal portion. The pinna^ vary in width

from 10 to 24 mm., depending upon the poi'tion taken.

The pinnfe are cut into oblong acuminate pinnules, the sinus some-

times extending- to within one-third of their length of the base, but usually

to about half the length. Pinnides with a slender midnerve and 7 to 10,

iisually 9, pairs of close, unforked nerves. The lower nerves of adjoining-

pinnules unite at a low angle and pass upward and end in the sinus.

Fruit dots were observed only on one small fragment (PI. LXXIX,
fig. 2). They are obscure, but as nearly as can be made out thev are

oblong and near the margin of the pinnules. Unfortunately none f)f the

larger specimens are fruiting, lint apparently thev all belnng to the same

species.

I do not recall any fossil species to which this seems to be allied. A
number that have been described resemble it, liut none closely enough to

constitute specific similarity.

I have named this species in honor of Prof. Joseph P. Iddings, of the

University of Chicago, who pointed out the locality which aff'orded the best

specimens.

Habitat: Yellowstone River, al)ove mouth of Hellroaring Creek (figs.

3, 10); bank of Yellowstone, one-half mile below mouth of Elk Creek, base

of bluff (figs. 2, 9); collected by F. H. Knowlton from Fossil Forest Ridge,

bed No. 6, "Platanus Ijed," August, 1888. One specimen collected by
Lester F. Ward and F H. Knowlton, August, 1887.

ASPLENIUM MAGNUM U. Sp.

PI. LXXIX, figs. 5-8, Sa.

Frond simple, pinnatifid, sometimes nearly pinnate below, long lance-

olate in outline, from a regular obtusely wedge-shaped base, and extending

into a long slender apex; cut into numei-ous, mainly alternate, ovate, sharp-

pointed lobes, those at the base being sometimes cut nearly to the rachis,

those above less and less until the apex is nearly entire; nervation of the
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lobes or pinnules consisting of :i strong- niiduerve passing to the tip, and

G or 8 pairs of alternate once-forked lateral nerves; fruit dots not seen.

This lai-ge and striking species is the most abundant fern found in the

Park. It is represented in the collection liy fully 40 specimens, all from

one locality. The largest example (fig. 7) is 17.5 cm. long and 2.5 cm.

broad, and still lacks the terminal portion. It has a stipe 8 mm. long and 2

mm. thick. Fig. 5 is 16 cm. long and 23 mm. broad, and lacks both base

and apex. Some of the fronds must have been fully 25 cm. long.

This species is well characterized. It has a thick grooved rachis (1 mm.)

and a short thick stipe. The lobes or pinnules are irregularly ovate, sepa-

rated usually to the middle by a sharp sinus, and having a sharp upward-

pointing apex. The nervation consists of a strong niiduerve ending in the

apex and about 7 pairs of alternate forked branches. As in the former

species, the lower nerves of adjacent lobes unite and pass upward to the

sinus. Occasionally there may l)e an unforked nerve, but it is the exception.

This species is associated in the same beds with A. hM'mgsi and much

resembles it, differing, however, in having ajiparently simple fronds that

are uniformly larger than the pinna3 of the former species, and in having

the nervation of the lobes always forking (see fig. 8 and 8a). It differs

further in having a short stipe and in having the upper portion nearly or

quite entire.

The correctness of tins generic reference is of course a matter of more

or less doubt, as no fruiting specimens have been found, but the fern appears

to be allied generically at least to A. kJd'mgsl It is certainly a well-marked

species for geological pin-poses.

Habitat: Yellowstone River, one-half mile below mouth of Elk Ci-eek,

Yellowstone National Park, at base of Ijluff; collected by F. H. Knowlton,

August, 1888.

ASPLENIUM EROSUM? (I.1X.) Ku.

PI. LXXX, flg. 6.

Asplenhim erostim (Lx.) Ku. : BuU. U. S. Geol. Surv. No. 152, p. 45, 1898.

Pferis erosa Lx.: Tert. Fl., p. r,:], PL IV, fig. 8.

This appears to l)e the same as described by Lesquereux, but is obscure

and difficult to make out. None of the specimens are complete, and all have

the nervation very poorly i)reserved. The margin seems more erose than
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the tvi)e, and the nerves may not fork. It is possible that it is a new

species, but until better material can be obtained I have preferred to retain

the specimens under this species.

Habitat: Yellowstone River, onedialf mile below mouth of Elk Creek; •

collected by F. H. Knowlton, August 13, 1S,S8 (tig-. G). Yellowstone River,

wall of canyon abo\'^ mouth of Hellroaring Creek; collected by W. H.

Weed, October 13, 1887.

AsPLENiaJI KEMOTIDENS n. sp.

PI. LXXX, fig. 7.

Pinuc-e large, coriaceous, broadly lanceolate, taper pointed, obtuse

and unecpral sided at l^ase; margin with few remote sharp teeth; midvein

strong; lateral veins at an angle of about 4.5', simple or forking (Mice some

distance above the midvein; sori not seen.

Tlie very perfect example tigured is the only specimen ol)tained. It

is 11 cm. in length and 2.5 cm. broad. It is broadly lanceolate witli a

slender tapering apex and ol)tuse unequal-sided base. The nervation is

very obscure. It is probable that all of the lateral veins fork, l)ut it was

not possilde to make this out, and tlie figuj-e shows many as unforked.

The ones that are made out to have the tbrk show it some distance above

their base.

This species is very closely allied to, if not indeed identical witli,

Asplemum erosiim (Lx.) Kn.,' from the Denver formation of Colorado. It

lias exactly the same shape, but differs in having few remote teeth, and in the

branchino- of the veins. In A. erosuni the veins fork at the base and occa-

sionally above the middle. In any case the species are very close together

and may be combined at any time if future material from the Yellowstone

National Park shows variation in the characters now relied upon for their

separation.

Habitat: Yellowstone River, one-half mile below mouth of Elk Creek,

at base of bluft"; collected by F. H. Knowlton, August, 1888.

Dryopteris weeuii n. sp.

PI. LXXX, fig. S; PI. LXXXI, fig. 2.

Frond twice pinnate; pinnaj probably lanceolate in outline; pinnules

I Under Pteris erosa Lx., Tert. Fl., p. 53, PI. IV, fig. 8; Cret. and Tert. Fl., p. 121, PI. XIX, fig. 1

.
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opposite or .sul)oi)po8ite, nearly at right angles to the rachis, long-lanceolate,

rather abruptly acuminate, cut to within a ver}' short distance of tlie rachis;

nervation simple, consisting of a strong straight midvein and numerous

(about 20) ])airs of opposite, parallel, unln-anched, lateral nerves; fruit

dots small, round, on the backs of the nerves midway between the midvein

and the margin.

This beautiful species is rej^resented by several specimens, tlie best of

whicli is shown in fig-. 8. The pinnules are opposite or subopposite. They

are long, slender, and pointing upward. The nervation is very regular,

consisting of the strong midvein and Is to 2(1 or more pairs of opposite

parallel veins. The fruit dots are distinct, though small, and borne on the

veins midway betAveen the midvein and margin.

This species is closely allied to Lasfrca r/oldimia (Lx.) Kn.,' from the

Denver beds of Grolden, Colorado. It does not so closely resemble the

figure given by Lesquereux as it does certain forms that have been referred

to it in my forthcoming monograph of the Laramie and allied formations.

The type of the species is described by Lesquereux as having 5 to 7 pairs

of nerves, while the forms that I have referred to it have 10 pairs, with

no other apparent diiference. Dnjopteris ivcedii, as stated, has 18 to 20 or

more pairs. The pinnules are from 10 to Ki mm. long and about o mm.

broad, whereas those of L. goldiana are only 7 to 9 mm. long and 3 or 4

nun. liroad.

Froni this it is clear that these two species are quite closely related,

and possiblv a larger series of specimens might show them to be identical,

but for the present it is best to regard them as different.

I have named this species in honor of Mr. Walter Harvey Weed, by

whom the first specimens were collected.

Habitat: Yellowstone River, breccia in wall of canyon above mouth

of Hellroaring Creek (PI. LXXXI, fig. 2); collected by Walter Harvey

AVeed, October 13, 1887. Cliff on Yellowstone River (left hand), short

distance above mouth of Hellroaring Creek (PI. LXXX, fig. 8); collected

by F. H. Knowlton, August 10, 1888.

' This was first called Aapidium i/oldianum by Lesquereux (Seventh Ann. Rept., 1873 p. 393). but was

later changed to Lastrea {Goinopla-ii,) iioldiana (cf. Tert. Fl., p. 56, PI. IV, tig. 13).
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Dryopteris xantholithense n. sp.

n. LXXXI, lig. 1.

Frond pinnate?; pinnre lanceolate; pinnules o^jposite, lanceolate-deltoid,

obtuse, cut to within one-third of their length of the base, much arched

upward at the point; nervation simple, consisting of well-marked midvein

and 9 or 10 pairs of opposite, parallel, unbranched lateral veins; sori large,

round, on the backs of the veins at about one-third of their length from

the midvein.

Of this well-marked species the single specimen figured was the only

one found. It is not preserved entire, the fragment being about 5 cm. in

length. There is therefore no means of knowing whether or not it was

simple or compound. The i)ortions of tlie pinnre preserved are of the same

width throughout, showing that they pmbably came from the middle por-

tion. The pinnules are opposite and arise at an angle of 30° or 40'^ from

the rachis. They are lanceolate-deltoid in shape, and about 12 mm. long

and 5 nun. broad, l)eing much arched upward at the extremity. The fruit

dots are large, round, and placed on the backs of the veins near the mid-

vein.

This species is allied to Dryopteris tveedii, from which it clearly differs

in having much shorter, arching phmules, only 9 or 10 pairs of nerves, and

larger fruit dots which are nearer the midvein. The nervation is the same

in character, but differs, as stated, in number of pairs of veins.

From Lastrea gohlkma this species differs in much the same manner.

It has more arching pinnules, and is quite different in general appearance.

The number of pairs of nerves is, however, about the same; all of which

goes to show that these three species are closely related.

Habitat: Fossil Forest Ridge, Yellowstone National Park, bed No. 6,

"Platanus bed;" collected by Lester F. Ward and F. H. Knowltou, August

19, 1887.

DeVAI.LIa! MONTANA U. Sp.

PL LXXIX, fig. 4.

Frond thin, twice pinnate, possibly more compounded; rachis strong;

pmnjB alternate, lanceolate, ending in a sharp, hair-like point; cut into 5
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or 6 lobes or pinnules, the sinuses toward the base going nearh' to the

seeon(lar\- raehis, more entire near tlie apex; lower pinnules or divisions

2 or 3 toothed, all, Ijut especially the terminal i)innules, ending- in long,

slender, outward-pointing teeth; nervation simple, consisting of a strong

secondarv rachis with rather delicate nerves pointing to the pinnules; the

nerves near the base two or three times branching, the branches entering

the teeth; nerves near the extremity unbranched.

The small fragment figured represents all that was found of this

species. It is onlv aljout 30 mm. long and 2;") mm. liroad, the pinna? being

17 mm. in length and aj)proxiniately 10 mm in width.

Notwithstanding the smallness of the fragment, there is enough to

show that it difters markedly from any other form in the Park flora. I am

quite at loss, however, to indicate its generic affinities. I have placed it

under Devallia tentatively, and can only hope that subsequent material will

serve to fix more satisfactorily its position.

Habitat: Fossil Forest Ridge, Yellowstone National Park, bed No.

3, "Magnolia bed;" collected by Lester F. Ward and F. 11. Knowlton,

August 16-19, 1887.

Lygodium KAULFiTsii Hecr.

PI. LXXX. tigs. i-;3.

Lygodium neuropteroUles Lx.: Tert. ['"l., p. (il, PI. V, tigs. 1-7; PI. VI, tig. 1.

According to Gardner,^ the Lugodium muropteroides of Lesquereux is

absolutely identical with L. Mnlfusii of Heer. Lesquereux was shown

specimens of the true L. kauJfimi from the British Eocene and pronounced

them "positively identical" with his species from the Green River group

and later formations. A glance at Gardner's^ figures shows that it is impos-

sible to separate the American specimens.

This species was found at two localities in the Yellowstone National

Park, namely, on the Yellowstone River below the mouth of Elk Creek,

and on the north bank of the Lamar River between Cache and Calfee

creeks. The specimens from below Elk Creek are in hard, rather coarse-

grained rock at the base of the sectiori. They are very large, having lobes

' Brit. Eoc. FL, Pt. 1, Filices, p. 47. ^Op. cit., PI. VII, Hgs. 1, 3-8 ; PI. X, fig. 11.
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8 cin. long- and 2 em. broad, and very much resemble a figui-e of this species

given by Newberry, ^ from the Pacific coast.

The specimens from the Lamar River are much slenderer, being 7 cm.

long anil less than 1 cm. broad. Some of them, as fig. 2, are very small and

delicate. In nervation the specimens from Ijoth localities agree perfectl}-,

as they do with Euro})ean specimens.

Habitat: Yellowstone River, one-half mile below mouth of Elk Creek,

at base of section; collected by F. H. Kuowlton, August 13, 1888. North

bank of Lamar River, between Cache and Calfee creeks; collected by F. H.

Knowlton, August 21, 1888.

OSMUNDA AFFINIS Lx.

PI. I,XXX, flgs. 4, 5.

Osmiinihi (ijjinis Lx.: TtTt. F].. ]>. liO, IM. IV, tij;-. 1.

The Park collection contains specimens of several detached pinnules

that it seems necessary to refer to this species. They are about the same

size as Lesquereux's type specimen, but are better, in that they sliow the

bases of the pinnules.

Li the collection of Denver group plants recently worked up there are

a number of specimens of this species, some of which are very fine. One
in particular, which has been figured for the forthcoming monograph of the

Laramie and allied formations, is very large and perfect. It has a long-

zigzag rachis with numerous sessile pinnules alternately attached. They
have a distinctly heart-shaped base, a slightly undulate margin, and a

tapering but obtuse apex. In all these particulars, as well as in nervation,

the Park specimens agree. The latter are a little shorter than the Denver

specimens, and one is a trifle broader, but the differences are unessential.

There is no knowing the part of the frond from which they came, and this

may readily account for discrepancies.

Habitat: Southeast side of hill north of Lost Creek, Yellowstone

National Park, bed No. 1, about 6,b^0 feet altitude; collected by F. H.

Knowlton, August 5, 1888.

' Plates, PI. LXII, tig. 1. [Ined.]

MON XXXII, FT II 43



674 GEOLOGY OF THE YELLOWSTONE NATIONAL PARK.

EQLISETACEiE.

EqUISETUM HAGUEI 11. sp.

PI. LXXXI, fig.s. 3, 4.

Stem simple, striate, articulate; articulations rather long; sheaths

short; teeth long, appressed, sharp-pointed.

This species is represented Idv numerous fragments, many of which,

however, show the sheaths. The stem is from 4 to 6 mm. liroad and the

articulations are 5 to G cm. in length. It is jilainly striate, with usually 9

ribs. The sheaths, which are darker in color than the stem, are 6 or 7 mm.

in length and are provided with closely appressed, very sharp-pointed teeth,

about 3 mm. long.

If there are 8 or 9 riljs now visible in the flattened stems, it seems

safe to assume, inasmuch as they were cjdindrical, tliat they have 16 or 18

ribs, and an equal number of teeth.

It was at first supposed that these specimens could be referred to E.

limosnm L, [see following species],^ as identihed by Lesquereux from mate-

rial collected by Hayden from basaltic rocks near the Yellowstone I^ake

;

but an examination of the type specimen preserved in the United States

National Museum (No. 41) shows that they can not be the same. Lesque-

reux's specimen has only 4 or 5 ribs visible, making, as he says, about 10

for the entire diameter, while this has 16 to 18, and possibly as many as 20.

The segments of the stem are only about 1 cm. in length in Lesquereux's

specimen and 6 or 7 cm. in the one under discussion. The sheaths are

also longer and the teeth sharper in E. Jiaguei.

Among living species this seems to approach closely to E. limosum L.;

more closely, in fact, than does the specimen referred to E. limosum bj'

Lesquereux.

I have named this species in hdiior of Mv. Arnold Hague, who pointed

out the locality where it was found.

Habitat: Southeastern end of hill north of Lost Creek, Yellowstone

National Park, bed No. 5; collected by F. H. Knowltou, 1888.

'Fifth Aun. Kept. U. S. Geol. aii(l(ieog. Surv. Terr.. 1871 (1872), p. 299; Tert. Fl., p. 69, PI. VI, tig. 5.
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Equisetum lesquereuxii Kn.

Equisetum lesquereuxii Kn.: Bull. U. S. Geol. Surv. No. 152, ]). !»4, 1898.

Eqnisetim liviosum Linu. Lesquereux: Fifth Ami. Kept. U. S. Geol. and Geog. Surv.

Terr., 1871 (1872), p. 2!)!): Tert. Fl., p. (!9, PI. VI, fig. 5.

As already stated under E. luu/uei, the type specimen of this species is

in the United States National Museum (No. 41). The figure given in Tert.

Fl. (PI. VI, fig. 5) is much more perfect than the specimen proves to be.

The fio-ure shows 7 ribs and the same number of teeth, which would make

at least 14 ribs for the whole stem. The specimen shows only 4 or 5 ribs,

and the sheaths and teeth are very obscure.

As it seems very unlikely that it should belong to the living species,

I have ventured to change it, and have named it in honor of Professor

Lesquereux.

Habitat: "Near Yellowstone Lake, among basaltic rocks."

Equisetum canalioul.^vtum n. sp.

PI. LXXXI, figs. G, 7.

Stem large, about 50-ribbed; articulate; articulation long; sheath

obscure, but apparently short; teeth numerous, short-appressed, sharp-

pointed.

This species is represented by the two fragments figured and a number

of other doubtful ones, which are hardly enougli to properly characterize

the species; Intt they seem to differ from all described species likely to

occur in this region, and I have ventured to give them a new name.

More perfect material may bring out the relationship.

The longest stem (fig 6) is about 6 cm. in length, and the broadest

on that piece of material is 13 mm. The other specimen (fig. 7) is 5 cm.

long and 21 mm. broad. The ribs are distinct, yet not specially strong.

They number, as nearly as can be made out, about 25 on a side, or

approximately 50 for the" entire diameter. The length of the segments can

not be made out. The sheath is also obscure. It may be that fig. 6 repre-

sents a single sheath; if so, it is long, but the other specimen gives slight

evidence of having a short sheath. The teeth are short and appressed and

end in slender points. As near as can be made out, there are about 25

teeth in view, or something like 50 for tlie whole stem.
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The two stems sliowu in the upper part of fig. 6 show a distinct hne

of tubercles a1x)ut tlie sHylit constriction. Tliey probably represent the

lower portions of the stems.

Habitat: Yancey Fossil Forest, beds near the uprig-ht stumps (fig-.

6); collected by F. TT. Knowlton, August 28, 1888. End of Specimen

Ridge, opposite Junction Ijutte, near large upright stumps; collected by

Lester F. Ward and E. C Alderson, August 25, 1887. Yellowstone River,

one-half mile below Elk Creek, at base of bluft'; collected by F. H.

Knowlton, August 27, 1888. Cliff west of Fossil Forest Ridge; collected

by Ward and Knowlton, August 15, 1887,

Equisetum deciduum n. sp.

PI. LXXXL tig. •">.

Stems large, many-ribbed, articulate, sheathed; sheaths short, without

teeth.

This form is represented by several specimens, all very fragmentary

and obscure. It has the stem 15 mm. in diameter, and the sheath 14

mm. in length. The diaphragm is clearly shown in 2 specimens, and

appears to have been thick. The sheath is close and without teeth,

which probably inidcates relationship of this species with living species,

such as E. hiemale, E. rohustmi, etc., having deciduous teeth.

Habitat: Yellowstone River, one-half mile below the mouth of Elk

Creek, base of bluff (fig. 5); collected by F. H. Knowlton, August 27,

1888. Fossil Forest Ridge, bed No. 6, "Platanus bed;" collected by

Ward and Knowlton, August 19, 1887.

CONIFERS.

PiNUS GRACILISTROBUS n sp.

PL LXXX, fig. 12.

Cone lanceolate, about 12 nnn. in diameter and about 45 mm. long

(neither base nor apex preserved); scales in 7 or 8 rows, regularly

rhomboidal in shape, about 6 nnn. in transverse and about 5 nnn. in vertical

dimension; scales umbonate, with usually 3 slight projections on the

lower angle.

The specimen figured is the only one found of this species. At first
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sight it seems hardly possible to have so long and narrow a cone with so

larg-e scales, but this cone is preserved entire—tliat is, it has been pressed

flat, and by turning- it around the entire series of scales may be made out.

It is now pressed into an elliptical shape, with a long diameter of al)o;it

12 mm. and a short diameter of about 5 mm. Its length, as alreadv stated,

is ajjproximately 46 mm.

I have not been able to find any fossil species with which this can be

compared. There are a number having scales of much the same shape,

but none with the same sized cone.

Habitat: Fossil Forest Ridge, Yellowstone National Park, bed No. 7,

"Castaneabed;" collected l)y Lester F. Ward and F. H. Knowlton, August

16-20, 1887.

PiNUS PREMURRAYANA n. Sp.

PI. LXXXII, flg. 5.

Cone narrowiv ovate-conical, rounded at base and gradually narrowed

above to a very obtuse and rounded apex; scales thick, regularlv rhom-

boidal, transversely wrinkled, each provided with a rounded blunt umbo, or

possibly with a short, stout spiue.

This species is represented by the single specimen figured, and is tlie

most perfectl}^ preserved cone I have ever seen, being preserved entire, with

little or no distortion. It is about 8 cm. in length. It is Ijroadest at base,

where it is about 2.5 cm. in diameter, from which point it tapers gradually

to the apex, wdiere it is aV)()ut 1 cm. in diameter. The scales are very

tightly closed, showing that with little doubt the cone was serotinous. Tliey

are quite regularly rhoraboidal, being about 10 mm. long and 6 mm. high,

and appear to have been transversely wrinkled. The tip is thick, raised,

and was provided, in all probability, with a short, stout spine.

In seeking the probable affinities of this cone, a number of interesting-

problems are presented, lirst of which is the state of maturit}^ It is, of

course, a well-known fact that all cones are tightly closed after fertilization

and until the seeds are matured. In the majority of cases the scales open

for the discharge of the ripe seeds, yet in a number of species they remain

closed, or practically so, for many years. The seeds of these serotinous

cones may retain their vitality for years—a provision for the continuance

of the s])ecies.

Whether the cone under consideration is immature, and has the scales
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closed on this account, or is a strictly serotinous form, is a difficult matter

to decide. On the whole it seems probable that it was nearly or quite

mature, and should be placed among those witli normally closed scales.

The next question is. What is the age of tliis cone?—that is, is it a

cone of a recent species or does it represent an extinct form? Tlie phe-

nomena are so active in the Park at the present time tliat it is perhaps

possible for a cone of this kind to be replaced witli silica within a com-

paratively short space oi time. It however came from a part of the Park

where the hot-springs phenomena have ceased for a long period, and thi^

lends color to the idea that it is not of very recent origin. The probability

is, therefore, that it represents an extinct rather than a living species.

This cone clearly belongs to the pitch pines and not to the soft or white

pines, and in determining its affinities this latter group nuist be excluded.

At the present time there are 3 species of pines growing in the Yellow-

stone National Park,' as follows: Pinus scopulonim, P. flexUis, and P. contorfa

murrayana. Of these, P. flexllls belongs to tlie white pines and the others

to the so-called pitch pines, and of these the last, or P. contorta murrayana,

is by far the most abundant.

I have shown tliis cone to a number of botanists familiar with the

present Hora, and there seems to be much diversity of opinion as to its

probable relationship. Mr. F. V. Coville, botanist of the Department of

Agriculture, inclines to regard it as allied to an immature cone of P. scopii-

loruni, but a careful comparison fails to sustain this view. Mr. George B.

Sudworth, dendrologist of tlie Department of Agriculture, regards it as

most closely allied to P. coiiforfd mnrrayana, the lodge-pole pine, and I liave

so considered it. It is of approximately the same shape as mature cones of

this species, but is longer and rather narrower. It is not improbable, as

suggested by Mr. Sud\^drtll, tliat it represents a form which was the imme-

diate ancestor of P. contorta murrayana, and I have given it the tentative

name of pyemurrayana.

Habitat: East of the Yellowstone Lake, Yellowstone National Park.

Collected by members of the Yellowstone National Park division of the

United States Geological Survey.

Pinus sp.

Cone lanceolate?, about 16 mm. in diameter, length of part preserved

18 mm.; scales 5 rows in part preserved, probably about 10 or 12 in
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whole cone, approximately square (or, better, rhomboidal), 5 mm. in each

direction; each scale marked by a distinct umbo, and with a prominent

ridge along the lower part.

The specimen described is also the only one observed. It is possible

that it may be the same as P. ffracilistrohus, as it comes from the same beds,

but it is nearly twice the size, and differs slightly in the character of the

scales and their markings.

Neither the base nor the apex is preserved, and it is therefore impos-

sible to know the length, but there is a slight indication that the part

preserved is near the upper end, as it is slightly narrowed. This may,

however, be due to the poor state of preservation.

As stated under P. ffracilistrohus, it is hardly worth while to attempt

working out affinities with such imperfect material.

Habitat: Fossil Forest Ridge, Yellowstone National Park, bed No. 7,

"Castanea bed;" collected by Lester F. Ward and F. H. Knowlton, August

16-20, 1887.-

PiNUS MACROLEPIS n. Sp.

PL LXXX, fig. IL

Scales thick, spatulate, rounded above, slender below, with a raised

margin or rim.

The m-ere fragment figured represents all that was found of this species.

It consists of portions of 9 scales, arranged in 4 spiral rows. They are

broadly spatulate, being rounded above and narrow below. The largest

one is 13 mm. in length, 6 mm. broad in the upper portion, and about 3 mm.

in the lower portion. The scales were thick and have a strong raised rim.

There is every evidence that this was a large cone, but it is so frag-

mentary that nothing can be made out but the few scales. It is useless to

attempt to work out aftinities, except that it was probably a white pine.

Habitat: Cliff' west of Fossil Forest Ridge, Yellowstone National Park;

collected by Lester F. Ward and F. H. Knowlton, August 15, 1887.

PiNUS WAEDII n. sp.

Leaves linear, long, apparently in twos, ribbed, not terete.

There are a considerable number of fragmentary specimens that seem

in all proliability to belong to this genus. They are slender, needle-like
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leaves, about 1 mm. broad and at least 8 cm. in lengtli. Tliey appear to

have been ribbed, or at least not terete in cross section. In no case has the

point or base of the leaves been observed, but from the fact that two leaves

seem to l^e found side l)y side, it seems quite probable tliat tliey were

arranged in twos, as in the living Pinus cdulis Engel., P. covtorta Dougl., etc.

These leaves have a more or less close reKsemblance to certain described

species, but they are too indistinct and poorly characterized to make any

comparison valuable.

Habitat: Fossil Foi-est Ridge, Yellowstone National Park, bed No. 4,

"Araha bed;" altitude about 8,175 feet; collected by Lester F. Ward and

F. H. Knowlton, August 20, 1887.

Pinus iddingsi n. sp.

PI. LXXXII, figs. 8, 9.

Leaves linear, very long, teretish, riljlx'd, in bundles of three, sheath

obscure, but apparently short.

The collection contains a luimber of needle-shaped leaves that without

doultt belong to Pinus. They are about 2 nun. broad and at least 13 cm.

long, but none are i)reserved entire. They appear to be associated in threes,

and in one case (see fig. 8) the upper portion of a sheath is preserved with

three leaves arising out of it. As near as can be made out, the leaves are

round on one side and flat and channeled on the other.

I have named this species in honor of Prof Joseph P. Iddings, the

collector.

Habitat: Andesitic bi'eccia near gulch northwest of peak west of Dun-

raven; collected by Joseph P. Iddings, September 12, 1883.

Taxites olriki Heer.

PI. LXXXII, figs. 1,4, 5.

Several specimens of this fine species were found. They agree closely

with the figures given ])y Heer' of specimens from Atanekerdluk, Greenland.

Habitat: Walls of the canyon of Yellowstone River above mouth of

Hellroariug Creek, Yellowstone National Park; collected by AYalter Harvey

Weed, October 13, 1887. (Field No., 2961.)

Fl. FoNS. Arct., Vol. I, p. 95, PI. I, figs. 21-24c.
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Sequoia couttsi.e Heer.

The matei'ial which I inchne to refer to this species was found at only

one locaHty within the Park, namely, the northeast side of Crescent Hill.

It was abundant and fairly well preserved. It consists of masses of slender

branches with short acute appressed leaves, in some cases with recurving

or at least spreading tips. In a number of cases the male aments were pre-

served. They are on short, slender branches covered with short scales.

The aments are made up of few small, irregular scales.

There is undoubtedly much confusion in regard to this species. Ac-

cording to Gardner,' nmch of the material referred to by Heer and others,

from Greenland especially, should be relegated to another species, Avhich

he proposed to call S. wlujmperi. Gardner is also of the opinion that poi--

tions of the foliage have by various authors been separated as Gh/pldstialins

ungeri. These, as he ])oints out, are usually associated with Sequoia

cones, and are "never accompanied by any trace of the persistent and very

distinct cones of Glyjitostrobus." I believe this to be true, and conse-

quently I would refer to Sequoia couttsue the numerous specimens figured

by Lesquereux as Gh/ptosfrohus imc/eri,^ from the Green River group of

Florissant, Colorado. I am also of the opinion that the specimens from the

Fort Union group, at the mouth of the Yellowstone, described by Newberry^

under the name of GJijptostrobus europmus Brongt., should lie placed under

Sequoia, couttsia. I have never seen any of these specimens, however, and

base this conclusion on the figures. I have seen a number of specimens

from near the same place, collected in later years, and they seem to bear out

this conclusion. Some of the material from the so-called Laramie of Canada

also appears to be properly referable to this species. The whole subject

needs thorough revision, with specimens at hand from all localities, and

until this can be had no determinations can be regarded as final.

Habitat: Northeast side of Crescent Hill, opposite small pond, Yellow-

stone National Park; collected by F. H. Knowlton, August 2, 1888.

' Monog. Brit. Eoc. Fl., Vol. II. Pt. I, Gymuosperm:i', p. 39.

Cret. and Tert. Fl., p. 139, PI. XXII, figs. l-6a.

'See Cret. aucl Tert., PI., XI, inas. 6-8.
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Sequoia langsdorfii (Broug't.) Heer.

PI. LXXXII, tig. 2.

Sequoia Uuujsdorfii (Brougt.) Heer.: Fl. Tert. Helv., Vol. I, p. 54, PL XX, rtg. 2; PI.

XXI, fig. 4.

This is by far the most abundant and widely distributed conifer found

in the Yellowstone National Park, with the possible exception of Sequoia

mar/nifica, known only from the internal structure. It occurs in many places

and in a variety of forms—that is to say, the branchlets and leaves are of

various sizes, showing- that they have come from many individuals and

from different parts of the tree. They are not of the same size and char-

acter as specimens from the Fort Union group near the mouth of the Yel-

lowstone,^ being- rather smaller and not so spreading, but they are very

much like the typical leaves ligured by Heer- from Greenland.

In all cases, however, the attachment of the leaves appears to be

characteristic of this species. In one exceptional case the cellular structure

of the leaf could be made out. This agreed perfectly with one given by

Heer (loc. cit., tig. 21).

In one or two cases male aments were observed which much resemble

those iig-ured by Heer (loc. cit., fig. 19).

Habitat: Fossil Forest Ridge, beds Xos. 4, 6, and 7; collected by

Lester F. AVard and F. H. Knowlton, August 16-20, 1887. Cliff west of

Fossil Forest Ridge, altitude aljout 7,900 feet; collected by Lester F.

Ward and F. H. Knowlton, August 15, 18^7. East bank of Lamar River,

between Cache and Calfee creeks; collected by F. H. Knowlton, August 21,

1888. Southeast side of hill above Lost Creek, bed No. 1; collected by

F. H. Knowlton, August 9, 1888. Yancey fossil trees; collected by F. H.

Knowlton, August, 1888. South end of Crescent Hill, about 300 feet

above main wagon road, bed 6 feet below "Platanus bed;" collected by

F. H. Knowlton, August 9, 1888. Northeast side of Crescent Hill, opposite

pond; collected by F. H. Knowlton, August 2, 18S8. Yellowstone below

mouth of Elk Creek, bottom of bluff; collected by F. H. Knowlton, August

29, 1888. Also obtained by Mr. Arnold Hague (September 4, 1897) from

'Cf. Newberry: 111. Cret. and Tert. FL, PI. XI, fig. 4.

-Fl. Foss. Aict., Vol. I, PI. II, figs. 2-22.
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the south side of Stinkiiigwater Valley, at a high bluff east of the mouth

of Crag Creek, Wyoming.

Sequoia, cones of.

PL LXXXI, fig. S; PI. LXXXII, figs. 6, 7.

The specimens figured are fairly representative of these organisms.

They are quite fragmentary, yet appear to be cones. They are found in

the same beds with Sequoia langsdorfii, but not in actual connection with

that species, and I have preferred to keep them distinct, at least for the

present.

Habitat: Fossil Fwest, beds Nos. 5 and 6; collected by Lester F.

Ward and F. H. Knowlton, August, 1887.

TYPHACEiE.

PhRAGMITEsI LATISSIMA U. Sp.

PL LXXXIII, flg. 5.

Leaf very broad; stripe fine, close together.

The fragment figured represents all that has been collected of this form.

It is, of course, quite insufficient for proper diagnosis, yet it seems to be

different from anything hitherto described from that region. It is certainly

quite unUke anything found in the Yellowstone National Park.

It must have been a very large leaf, for the fragment is over 3 cm.

broad, and it was probably a thick leaf. The strire are very fine, straight,

and close together. It differs in size and fineness of striaj from P. alaskana,

to which it seems to be most nearly related.

I have given it a new name with great reluctance, for it is too frag-

mentary to found a new species on, but for the present it may remain as

above.

Habitat: Northeast side of Crescent Hill, Yellowstone National Park;

collected by F. H. Knowlton and CI. E. Culver, August, 1888.

SPARGAMACE.E.

Sparganium stygium Hear.

Sparganium stygium Heer. Cf. Ward : Types of the Laramie FL, p. 18, PI. Ill, figs. 6, 7.

These specimens do not agree in all particulars either with those figm-ed
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by Professor Ward or with the types as shown by Heer. They are quite

obscure, but in all itrobability they are identical with Heer's form.

Habitat: Yellowstone River, one-half mile below the mouth of Elk

Creek, Yellowstone National Park ; collected Ijy V. H. Knowlton, August,

1888.

CYPERACE.E.

Cyperacites AxciusTioR (Al. Br.) Schimper.

CypemciU'S an/justior (Al. Br.) Scbimp.: Pal. veg. Vol. II, p. 414, 1870.

Cyperitcs am/ustior Al. Br. Lesquereux: Aim. Kept. IT. S. Geol. aud Geog. Siirv. Terr.,

1872 (1873), p. 403.

This species was identified by Lesquereux, l)ut the material can not

now be found.

Habitat: "Elk Creek, near Yellowstone River; collected by A. C.

Peale, Joseph Savage, and O, C. Sloane."

Cyperacites oiganteus n. sp.

PI. LXXXII, fig. 10.

Leaves large, thick, with strung midvein and numerous close nerves.

This species, although fragmentary, is represented by several leaves

and stems. The largest is 18 cm. in length and about 7 mm. in width. It

has a well-defined midnerve or vein and numerous close veins. It was

evidently of very firm texture.

Habitat : Yellowstone River, one-half mile below mouth of Elk Creek,

at base of bluff"; collected by F. H. Knowlton, August, 1888

Cyperacites I sp.

PI. LXXXIII. fig. 4.

This fragment is all of this species, whatever it may be, that has thus far

been found. It was at least 2.5 cm broad and had a well-marked keel. The

veins are strong, about 1 mm. apart, with a fine intermediate vein. There is

altogether too little of it to venture a specific description or determination.

Habitat: Cliff" west of Fossil Forest Ridge; collected by Ward and

Knowlton, August 15, 1887.
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Cyperacites? sp.

PI. LXXXIII, fig. 0.

Tlie frag-ment figured is the only specimen of this kind in the collec-

tions, and it is too imperfect to be of much value. It is about 3 mm. broad,

and appears to be two-ribbed—that is, two of the ribs are shghtly stronger

than the others. The fossil is rather faint, l)ut there seems to be only one

slender rib between the strong ones.

With so small a fragment it is impossible to be certain even of the

generic reference, but in this respect it seems to agree with forms that have

been referred to Cyperacites. It is left for future material to determine its

status.

Habitat: Northeast side of Crescent Hill, Yellowstone National Park;

collected by F. H. Knowlton and G. E. Culver, August, 1888.

S3IILA(E.E.

Sjiilax lamarensis n. sp.

PI. OXXI, figs. .'J, 4.

Leaves large, of tirm texture, ovate or ovate-oblong, rounded truncate

at base, abruptly and obtusely acuminate at apex, margin entire; 3-nerved

or obscurely 5-nerved; petiole splitting into 3 equal branches, the middle

of which passes straight to the apex, the others bending out to half the

distance between midrib and margin, then cur\ang toward and entering

the tip; the lateral strong nerves branch on the outside, beginning first at

the base of the blade, this branch sometimes reaching up to or near the

apex or becoming lost near the middle; sometimes there are lateral strong

nerves witli 5 or 6 branches on the outside, all of which unite in broad

loops to produce a false fifth nerve.

This species is represented by several large, finely preserved examples.

The largest, represented in fig. 4, was 9 cm. broad and at least 14 cm. in

length, and the smallest (see fig. 3) about 4 cm. broad and probably

about 8 cm. in length.

In outline the leaves are broadly ovate or ovate-oblong, with a rounded
truncate or cordate base. The apex in some cases appears to be long and
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rather obtusely acuminate, in other cases quite abruptly ami obtusely

acuminate.

The nervation is strongly marked. The jietiole splits- at the very base

of the leaf, almost outside of the blade, into three equal divisions, one of

which, the middle one, answering to the midrib, is straight and ends in the

apex. The others arch out regularly and pass around and enter the apex

also. Each lateral strong nerve or rib branches on the outside, the lowe.st

branch, which originates just inside the lower margin of the blade, sometimes

passing up and entering the a])ex with the other, at other times being lost

below the middle of the blade. In still other instances there are 5 or

6 branches in the outside of the lateral ribs which join b}" a broad loop,

forming a false nerve. In all cases this outside interrupted nerve is much

lighter than the others.

Smilax appears to be rarely found fossil in North America, as only 5

species have been detected. Of these, 3 are from the Dakota group,

and 1 each from the Laramie and Miocene. None of them is at all closely

related to the one under discussion.

Smilax lamarensis seems to be closely related to a number of living

forms. Thus the smaller rounded leaves are cjuite like S. rotundifolia L.,

l:)oth in shape and nervation, while the larger forms are hardly to be sep-

arated from S. pscudo-cliina L. It is certainly closer to living American

forms than any heretofore described from this country.

Habitat: East baidv of Lamar River, between Cache and Calfee creeks;

collected by F. H. Knowlton and G. E. Culver, August, 1888. Fossil Forest

Ridge, bed No. 6, "Platanus bed," 1 large sjjecimen; collected by Lester

F. Ward and F. II. Knowlton, August, 1887.

MTISACEiE.

MUSOPHYLLUM COMPLICATUM Lx.

PI. LXXXIII, fig. 1.

Musophyllum comxMcatum Lx. : Tert. Fl., ]i. 96, PL XV, tigs. 1-6.

This species was described by Lesquereux from a "shale over a thin

bed of coal, 8 miles southeast of Green River Station, Wyoming," in what

he at first regarded as the Waslaaki group, liut which he later ^ decided was

1 Cret. and Tert. Fl., p. 143.
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the true Green River group. This locaHty has not since been visited, and

in tact can not now be satisfactorily located. It is more than probable,

however, that the former determination of horizon is correct.

So fi)r as I now know, this is tlie second time this species has ever been

found. It is represented by 5 or 6 fairly well preserved specimens, which

agree perfectly with Lesquereux's specimens and hg-ures.

On one of the specimens there are a number of thick stems or stipes.

They are longitudinally striate as described by Lesquereux, and bear onlv

fragments of the leaves- preserved. In the specimen figured we have a

narrow leaf preserved almost entii-ely. It is about 5 cm. broad and 7 cm.

long, as preserved, with perfectly entire margins. In still another specimen

the stipe, with portions of the lamina attached, is fully 20 cm. long. There

is no evidence from these specimens of the leaves having been as broad as

described in some of the original specimens, but Lesquereux also speaks of

narrow-leaved forms.

Habitat: Northeast side of Crescent Hill, opposite small pond, Yellow-

stone National Park; collected by F. H. Knowltou, August 2, 1888.

JIGLAXDACE.E.

JUGLANS CALIFORNIEA Lx.

Juglans californica Ls.: Foss. FL Aurif. Grav. Depo.sits, Mem. Mus. Comp. ZooL, Vol.

VI, No. 2, 1878, p. 35, PL IX. fig. U ; PL X, figs. 2,3.

There are 2 specimens which I refer to this species. They are ot

the same size and nervation as the leaf shown in fig. 2, PI. X, of Lesquereux's

paper.

Habitat: Fossil Forest Ridge, bed No. 6, "Platanus bed:" collected by

Ward and Knowlton, August 19, 1887. East bank of Lamar River, between

Cache and (Jalfee creeks; collected by F. H. Knowlton and G. E. Culver,

August 21, 1888.

Juglans rugosa Lx.

Juglans ntt/osa Lx.: Cf. Tert. FL, p. 286, PL LV, figs. 1-9.

The collections contain a number of very perfectly preserved specimens

that undoubtedly belong to this species. Besides these there are a number

of fragments that probably Ijelong to it.

Habitat: Fossil Forest Ridge, beds Nos. 3, 5, 6, 7: The Tliunderer;
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Hill aljove Lost Creek, lied No. 4; Crescent Hill, (! feet below Plataiius

bed; Yellowstone River nearly opposite Hellroaring- Creek; collected by

Ward and Knowlton, 1887, 188.S.

JUGLANS SCHIMPERI Lx.

JuytdHHschimperi Lx.: Tert. Fl., p. 2S7, PI. LYI, tij,'s. 5-10.

The collection contains a number of well-preserved examples that

seem without doubt to belong to this species. The type is described by

Lesquereux as having the margins slightly undulate. The Park specimens

are slightly undulate, and also very slightly toothed. The nervation is

absolutely the same in lioth.

Habitat: Andesitic lireccia near gulch northwest of peak west of

Dunraven; collected by Joseph P. Iddiugs, September 12, 1883.

JUGLANS LAURIFOLIA n. sp.

PI. LXXXIII, tiys. 2, 3.

Leaves large, membranaceous, lanceolate or ovate-lanceolate, slightly

unequal-sided, narrowed to a wedge-shajied base and roinided to an

acuminate apex, margins remotely and slightly denticulate; midrib thick

below, becoming nuich thinner in the upper part; secondaries about 10

pairs, thin, alternate, emerging at an angle of 45° or 50°, camptodrome,

much curving, ascending near the margin for some distance, where they

arch by numerous loops; intermediate secondaries occasional; nervilles

very irregular, much branched; finer nervation forming irregularly quad-

rangular areolae.

This species is represented by a number of well-preserved leaves.

They are from 9 to 13 cm. long and 3 to 5 cm. wide, and are somewhat

unequal-sided, the difference in the width of the sides being about 4 mm.

This species is marked by its large size, remotely denticulate margin, and

strong nervation.

Among fossil species, Juglans laurifoUa is somewhat related to

J. ei/rcf/ia Lx.,' from the Auriferous gravels of California. The leaves of

the latter species differ, however, in being obovate-lanceolate, with the broad-

est part above the middle, and in having quite numerous, fine, sharp teeth.

' Mem. Mu8. Comp. Zoul., Vol. VI, p. 36, PI. IX, fig. 12.
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The nervation is soniewliat similar, exce})t tliat the secondaries are more

numerous.

'V\ni rehxtion l)etween ./. laurifolia and J. dent'iculatd Heer, from the

Green River^ g'rouj), Carbon, Wyoming, etc., while apparent, is much more

ren.mte than in the case of the California species. This species has very

unecpial-sided lea,ves, witli large and more numerous teeth and more

numei\)us arched sect)ndaries.

Hal)itat: Hill above Yanceys and near tiie upright fossil trees; col-

lected bv F. H. Knowlton, August 28, 188S. Also found on southern spur

of Chaos Mountain, altitude 10,100 feet; collected by F. V. King for

Arnold Hague, August 11, 1897.

JUGLANS CRESCENTIA U. sp.

PI. LXXXIV, tig. 8.

Leaflets large, of firm texture, lanceolate, narrowing to a long acumi-

nate apex, truncate and slightly unequal-sided at base; margin perfectly

entire, slightlv undulate; midrib thin, straight; secondaries 15 or 18

pairs, alternate, at an angle of 35' to 45^, camptoib'ome, forking lielow

the margin and joined to the one next above, forming- a series of strong"

1)1 )ws; intermediate secondaries frequent, about midway between two sec-

on<laries, thin and soon vanishing or rarely passhig to the loop made by the

secondaries; a series of small loops are produced by outside branches from

the large bows which nearly or quite reach the margin; finer nervation

dividing- the space between the secondaries and intermediate secondaries by

large quadrangular areolation.

This tine species is represented by a number of beautifully preserved

specimens. The best is the one tigured, which is 20 cm. in length and

nearly 4.5 cm in width. As stated in the diagnosis, it is truncate and

slightly unequal-sided at the base and long acuminate at the apex". The

margin is slightly undulate, Ijut not otherwise cut or serrated. The second-

aries are numerous, about K! or 17 pairs, and strictly alternate. They

fork at half or two-thirds of their length from the" midrib and, uniting

with the one next above, form a series of broad, strong loops well inside the

margin. The finer nervation is very perfectly preserved, forming large

but quite regularly quadrangular areolae.

' Tert. Fl., p. 289, PI. LVIII. Cff. 1.

MON XXXII, PT II 44
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Amono- descril)e(l forms this has some resenililance in shape to

J. schimperi Lx.,Mr.nii the Green River group of Cohirado, but differs mark-

edly in the forking of the secondaries. It is undoubtedly very close to

J. acuminata Heer," which in turn is hardly to be distinguished from the

J. riu/osaoi Lesquereux. Additional material of all these will be necessary

to settle the status of each.

Habitat: Northeast side of Crescent Hill; collected by F. H. Knowl-

ton and G. E. Culver, August 2, 1888. Fossil Forest, bed ko. C; collected

by Ward and Knowlton August, 1887.

HicoRiA ANTi(,iroRUM (Newliy.) Kn.

Hicoria antiquorum (Nevrby.) Ku.: I'.ull. U. S. GeoL Sinv. No. 151!, p. 117, 1898.

Carija autiquorum Newby.: Later Extinct Floras, p. 72; 111. Cret. aud Tert. Plants,

PI. XXllI, flgs. 1-4. Le.sqiiereux : Tert. Fl., p. 289, PI. LYII, figs. 1-5.

The collection contains a number of somewhat fragmentary specimens,

but the characteristic teeth and nervation sufHce to enable their certain

reference to this species.

Habitat: Fossil Forest Ridge, bed No. 6, "Platanus bed;" collected by

Ward and Knowlton, August, 1887.

Hicoria crescentia n. sp.

PI. LXXXIY, tig. 7.

Leaflet thick iind firm, elliptical-lanceolate, in;e([uilatei-al ; i-ather long-

wedge-shaped at base aud apparently narrowed above to an acuminate

apex; margin serrate, teeth small, sharp; midril) rather thick, straight;

secondaries about lo })airs, alternate, irregular, at obtuse angles, ai-ching

upwanl, rarelv forked, craspedodrome, or subcraspedodrome, either arching

near the margin and sending branches to the teeth, or dividing and sending

weaker terminations into the teeth; intermediate secondaries occasional,

short, and soon disa,p})earing; nervilles numerous, mainly percurrent, approxi-

mately at right angles to the secondaries; liner nervation forming rather

large quadrangular areohc.

The specimen figured is the only one referred to this species, and

unfortunatel}" it lacks both base and apex. It is now about 7 cm. long and

I Tert. Fl., p. 287, PI. LVI, tigs. 5-10.

= F1. Tert. Hilv., Vol. Til, PI. CXXVIII.
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2.8 rin. broad. When entire, it must have been uearl}' or (juite 10 cm.

ill Iciiiitli.

Tliis species is evidently related to ('ari/a (Hicoria) aiitlqiKnuni Ne\vl»\-.,

and it may possiblv l)e an anomalous form of that species. It ap))ears to

ditfer essentially, however, in being very nuu'h smaller, less unequal-sided,

and in liaving larger and less numerous teeth. The secondaries are nuich

the same in both, except tliat they are more decidedly camptodmnie in

('. (infifi/iorinii.

It is also suggestive of Jnf/lm/s i/if/clhi Ung., as identified liy Ward^ from

the lower Yellowstone River.

Habitat: Nortliea.st side of Crescent Hill, o])posite small pond, at an

altitude of about 7,500 feet; collected by F. H. Knowlton and G. E.

Culver, July 27, 1888.

HlCoKIA CULVEKI n. sp.

V\. LXXXIIl. tis. 7.

Leaflets thin, slightly injccpiilateral, rather long obovate, narrowed from

above the middle to a long wedge-shaped base, and upward to an acuminate

apex; margin toothed from above the lower third, teeth flat, olituse; mid-

rib slender; secondaries aljout 10 pairs, alternate, irregular, camptodrome,

arching u])ward and joining by a broad curve, with l)ranclies outside enter-

ing the teeth; intermediate secondaries occasional, joining the secondary

below; nervilles verv irregular, l)roken; finer ner\ation forming irregular

meshes.

The line specimen tigured appears to l)e a terminal leaflet, as it is only

slightly inpequilateral. It is perfect, except at the apex It is pi-eserved

for 8 cm., and was ])robably il.5 or 10 cm. long. It is 2.7 cm. l)road at the

Avidest point, whit'h is high above the middle. From this point it tapers

reo'ularly to the liase and aj^jjears to ])ass rather abru})tly to an acuminate

d\)ex.

This species has the same shape and arrangement •dullhiis hciKj'irci Lx.,-

from John Day Valley, Oregon, but difters in the serration of the margins

and hi the flner nervation. It seems likely that Lesquereux's species is a

Hicoria rather than a lihus.

'Types of the Laramie Fl., p. 33, PI. XV, fig. 1.

•^ Pror. U. S. Nat. Mus., Vol. XI, 1SS8, p. 15. PI. IX. tig. 2.
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Anionji' living' .species H. culvcrl appears closer to H. ovatu (old (Vnv/«

alha Nutt.), which has, however, sharper teeth and more regular nervilles.

The secondaries and their branches entering- the teeth are much the same

in both.

Habitat: Yellowstone River, one-half mile below mouth of Elk Creek;

collected by F. IT. Kuowlton and CI. E. Culver, August, 1888.

3I\KICACE.E.

Myrica scottii Lx.

PI. LXXXIV, rig. »;.

Mliriin scottii Lx.: Cret. and Tert. FL, p. 147, PL XXXII, rigs. 17, 18.

A single fairly well preserved leaf, that seems without question to

belong to this species. It has been found before only at Florissant, Colorado.

Habitat: Yellowstone River, one-half mile l^elow Elk Creek, at Ijase

of l)lurt'; collected by F. H. Kuowlton, August, 1888

Myrica wakdii u. sp.

PL LXXXIV, rig. 4.

Leaf of tirm texture, lanceolate, long wedge-shaped at base, obtusely

denticulate from some distance above the base; midrib thick; secondaries

thin, rather scattered, alternate or subopposite, emerging at an angle of

about oO^, arching evenly around and joining the one next above at a little

distance from the margin, their union forming a continuous marginal line,

from the outside of which small veins enter the obtuse teeth: nervilles thin,

percurrent.

Unfortunately the fragment tigured is tlie only si)ecimen of this form .

collected. This is 5.5 cm. long and about 12 nnn. wide. When entire, it

was probalilv 10 cm. or 12 cm. in length.

This species resembles more or less closely a nundier of descrilied

species, yet undoubtedly diifers from all. Thus, in the matter of the intra-

margiual nerve it resembles M. torrci/i Lx.,' from the Montana and Laramie,

but is much larger and has a greater number of parallel secondaries. In

size and shape M. ivanlu is nnu-h closer to M. pohimorplm Scliimp.," from

'Tert. Fl., p. 129, PI. XVI, figs. 3-10.

-Cret. ;iii.l Ti-rt. Fl., p. 116, I'l. XXV, tigs. 1, 2.
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Florissant, Colorado. It ditiers essentially in liavnig- rather numerous
secondaries, which parallel enter the somewhat sharper teeth. M. falhtx

Lx.,^ also from Florissant, is evidently related, but has nuich larger, sharp

teeth, and nervation as in M. jiol'/iiiorjilia Lx.

Habitat: Fossil Forest Ridge, bed No. 5, "8alix bed;" collected by
Wardand Knowlton, August 19, 1887.

Myrica lamarensis n. sp.

PI. LXXXIV, fig. 5.

Leaf firm in texture, narmwly lanceolate, narrowed below, apparently

acuminate at apex; margin at some distance above the base, provided with

numerous, small teeth: petiole short; n^idrib rather thick, .straight; uer\a-

tion pinnate, camptodrome, the secondaries joining and forming a thin line

from inside the border; other nervation destroyed.

The little leaf has only the lower jxirtion preserved. It is now 3..") cm.

in length, and when entire was probal>ly not less than (J cm. long. It is

only 7 mm. broad, and has a short petiole about 2 mm. in length. The

nervation is also destroyed, except the midrib and about a dozen secon-

daries, which are seen to be alternate. They arch and join, producing a

marginal line just inside the margin.

This little leaf does not a]>pear to have an\- very close relative in

this country. Those ajiproaching nearest, ]3erhaps, ai-e the narrow lea^ed

species so common at Florissant, Colorado, such as J/, /iilhi.r Lx.,- and M.

scoftii Lx.^ They differ markedly, however, in the sharpK' .serrate margin

and craspedodrome nervation.

Myrka Jxoiks'ucfoJia Ung., as figured by Heer"* from the Baltic Miocene,

is perhaps nearer to our s])ecies. This has the narrowed base and similar

teeth, but differs in the apex and in the nervation.

Habitat: East bank of Lamar I\i\er, l)etween Cache and Calfee

creeks; collected b}- F. H. Kuowltou, August 21, 1888.

'Op. cit., J). 147, PI. XXXII, iig.s. ll-lfi.

-Ciet. anil Tert. Fl. p. 147, Fl. XXXII, figs. 11-16.

••Loc. elf. p. 147, PI. XXXII, tigs. 17, 18.

^Mioc. Bait. Fl., p. 67, PI. XVIII, fig. 4.
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SALKACEyE.

PoPULUs OLANDULiFEKA Heer.

n. Lxxxiv, tig. 1.

I'tipiiJiis i/htnditlij'rra Heer. Les(iuereux : Oret. and Tert. Fl., p. 226, I'l. XLVIa, tigs.

3, 4. Ward: Types of the Laramie FL,
i). 19, PL IV, figs. 1-4.

The collection contains 3 specimens with A'ery line ronnded or sharp

teeth, that are referred witlKUit hesitation to this species, as fiiinred liy

Lesqnereux and Ward, t'rnni the typical Fort Union j^rou]) of the lower

Yellowstone. The best of these is fig-nred.

Habitat: Yellowstone Kiver, one-half mile Ix'hnv the month of Elk

Creek; collected Ijy F. H. Knowlton, Au-iist, 1S88.

Popi'LT's si'ECiosA Ward.

I'L LXXXIV, tig. A.

FojtulK.s s2)ivi().'<ii Ward: Types ot' tlie Laramie FL, p. 21), PL V, tigs. 4-7.

The Park c(dlection contains sometliing over 50 specimens that are

referred to this species. Tliev are very perfectly jireserved, and the petiole

is in some cases 8 cm. in length. There can l)e no (jnestion as to their

correct reference to the Fort Union species. 1 shonld also iiudine to refer

to this species certain of the leaves described as Po2)iiIiis (iiiihli/)-l///iirha'WnYd

and P. oxyrJii/ucIid AVard, from the same beds. The very slight differences

separating these forms seem hardly to be worthy of specific rank.

Habitat: Yellowstone Kiver, one-half mile below month of Elk

Creek; collected l^y F. H. Knowlton, Angust, 1888.

Poi'ULUs ZADDACHi Hecr.

Po2>i(liis zaddticlii Heer: FL Tert. Helv., Vol. Ill, p. .^OT. Lesiiuereax: Cret. and

Tert. FL, p. 158, I'L XXXI, tig. S.

A few specimens were obtaiiieil tliat nnist be referred to this species.

Habitat: Late acid lireccia, P^•lamid Peak; collected by Arnold

Hague, 18i)7.
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POPULUS XANTHOLITHENSIS 11. sp.

ri. LXXXV, figs. 1,2.

Leaves laro-e, uearlv roaiul in outline, l)Ut a little liroader than lono-,

truncate or slightly lieart-slia])ed at base, rounded ahove; margin strongly

toothed; teeth in lower portion simple and rounded, others, along tlie side of

the blade, incline<l to be double-toothed—that is, each large tootli has one or

2 smaller rounded projections; petiole long, slender; Ijlade 7-nerved; cen-

tral <.r midril) strong, straight, pair of ribs nearest the midrib originating

at a little distance above the base of the blade, arching around and reach-

ing the apex near together, other 2 pairs arising from the apex of the

petiole and dividing equally the remaining portion of the Idade; midrib

with al)out 3 pairs of secondaries in tlie upper part, next pair of riljs -with

4 or 5 branches on the outside, other ribs witli numerous branches whicli

anastomose, producing large irregular areas, with minute brandies to the

teeth; nervilles numerous, mainly broken, occasionally percurrent; liner

nervation quadrangular.

The 2 beautiful specimens figured are the only ones referred to this

species. Fig. 1, whicli lacks the upper portion, is 9.") cm. broad and 7.5

cm. long. It lias the petiole preserved for 5.5 cm. Fig. 2, which lacks a

portion of one side and a fragment at the apex, is S.5 cm. in length and

10 cm. in width. The petiole is not preserved.

The relation of this .species is evidently with ropithis f/ciiatri.r Xewliy.,^

from the Lower Yellowstone. This is about the same size and much the

same shape, except that it is more pndonged at the apex. The margin is

described as having "rather small, appressed teeth," while those of P. xaii-

fholithemh are larger, sometimes double, and never appressed. The former

species was described by Newberry as "3-iierved," although the iigure

shows it to be clearly 5-nerved. The present species is just as clearly

7-nerved. The midrib and its liranches also differ markedly in the two

forms.

This species has also some affinity with certain of the forms described

by Professor Ward from the lower Yellowstone, but the relationship is not

close.

L:itor Ext. Fl.. p. M ; 111. Cret. aud Tcrt. Fl., PI. XII, tig. 1.
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Habitat: Yellowstone River, one-halt' mile l)elow the mouth of Elk

Creek, top of bluft"; collected bj- F. H. Knowlton, August, 1888.

POPULUS DAPHNOGENOIDES "Ward.

PI. LXXXIV, tig. -'.

Popidns daphnogenoides Ward: Types of the Laramie FL, p. 20, PI. VII, figs. 4-6.

The collection contains some 20 specimens that are referred to this

species. They have the same general character, but are a little larger,

with a more prolonged point and rather stronger nervation. There are no

essential diffei-en^-es, however.

Habitat: Yellowstone River, one-half mile below the mouth of Elk

Creek, top of lilutf; collected by F. H. Knowlton, August, ls8H.

POPULI'S P.ALSAMOIDES Gopp.

PL LXXXYI, lijj. 1.

ropuJus halsamoldes Gopp. Lesqueieux : Cret. aud Tert. Fl.. p. 24S, I'l. LY, figs. 3-5.

The fragment tigured is the only specimen of this species detected.

It represents the basal ])ortion of a medium-sized leaf, and agrees satisfac-

torily with the tigures of this species as given b}' Lesquereux.

Habitat: Cliff west of Fossil Forest Ridge; collected l)y Ward and

Knowlton, Angust Ih, IXS".

PoPULUS ? VIVARIA n. Sp.

PI. LXXXYI, tig. 2.

Leaf thick, roundish, or Ijroadly elliptical in outline, toothed to near the

base; teeth large, acute; nervation pinnate, camptodrome, or imperfectly

craspedodrome ; secondaries strong, opposite or suljopposite, emerging at

various angles, forking near the margin, the branches arching into bows

and apparently sending branches from the outside to the teeth: nervilles

obscure, but a]iparently percurrent.

This doubtful species rests on the single fragment figured. It was

apparently about 10 cm. long and 7 cm. wide. It has some resemblance to

certain species of Populus from the Fort Union group of the lower Yellow-

stone, as, for example, I', f/reiriojisis Ward,' but differs in the branching of

'Types of the Laramie Fl., p. 23, PI. IX, fig. 1.
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the lowcv Inrye secnndarv, and somewhat in the teeth. The nerves are

also craspedodrome in P.nrciciopsis.

It is really too iVa^mentarj- and uncertain for identification, vet it ditl'ers

from anvthing- else found in the collection, and is simply named in a purely

provisional manner, awaiting subsequent collections.

Hal:)itat: West end of Fossil Forest Ridge; collected bv Ward and

Knowlton, August 15, 18-S7.

Salix variaxs Heer.

ri. LXXXV, tig. 3.

Sali.v rarians Ileer: Fl. Tert. Helv., Vol. II, PI. LXV, figs. 1-3, 0-lG.

The example figured certainly belongs to this species. It is the same

shape, luit a little larger, and lias the same erose-dentate margin and the

same midrib and general nervation.

Habitat; Lamar River, between Cache and C'alfee creeks; collected In'

Knowlton and Culver, August 27, 1888.

Salix angusta A1. \\v.

iSalLv anyustu Al. Br. Lesquereux: Tert. Fl., p. KJS, PI. XXII, figs. 4, 5; Cret. aud

Tert. FL, pp. 157, 217, PI. LY, tig. 6.

This species, originally described T)y Heer from the Swiss Tertiary,

has been found by Lesquereux in the Green River group at Florissant,

Colorado, and in the ]\liocene of Oregon. A number of doubtful fragments

were reported from Spring Canyon in the Bozeman coal field, liut they are

too fragmentar}- to be of anj- value.

Habitat; Lamar River, between Cache and Calfee creeks; doubtful

fragments; collected liy F. H. Knowlton, August, 1888; also specimens

No. Ifltw of Hague's Park collection.

Salix lavateri Heer.

,SV(/(> lavateri Heer: Fl. Tert. Helv., Vol. II, p. 28, PI. LXVI, figs. 1-12; Fl. Foss.

Alask., PI. II, tig. 10. Lesquereux: Proc. D. S. Nat. Mils., Vol. XI, 1S8S, p. 35.

Habitat; South end Crescent Hill, bed 25 feet above "Platanus bed:"

collected by F. H. Knowlton, August, 1888.
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Salix eloxgata ? ( ). Well.

Suli.r vlonijafa O. Web. Lesquereiix: Tert. FL, p. H!'.», PI. XXII, figs. 0, 7.

A single quite well preserved specimen that seems to belong' to this

species. The nervation, however, is not' well preserved, but as nearly as

can be made out it may be referred to this form.

Habitat: Fossil Forest, lower stratum, No. 1221 of Hague's Yellow-

stone National Park collection; collectec} by Arnold Hague, September

24, 18S4.

BETILACE.E.

BiCTULA IDDING.sl U. sp.

PL LXXXVI, figs. 4, 5.

Leaves membranaceous, ovate, slig-htly unequal-sided, rather abruptly

roundel 1 to the base, more i)rolonged al)Ove; margin regularly toothed from

near the base, teeth slightly unequal, a little hooked; nervation pinnnte

anil craspedodrome; miilrib widl marked, .straight; seconchu-ies about 10

pairs, mainly alternate, occasionally opposite, arising at an angle of about

45°, straight or nearly so, terminating in the larger teeth, often with forks

near the margin, all of which enter the other teeth; nervilles obscure, l)ut

npparently percurrent and at right angles to the secondaries; iiner nerva-

tion not preserved.

This species is represented by 3 very perfect leaves, all of which are

preserved on the same piece of matrix The most perfect one tigured is

8 cm. in length and 4.5 cm. wide, while the other is about 8 cm. long and

less than 4 cm. wide. The petiole belonging to this specimen is 7 nun.

in length.

This species somewhat resendiles a number of described forms, as, for

exanqjle, Bdula stevensoni Lx.,^ from Carbon, Wyoming, from wdiich it differs

somewhat in shape, numbei- of ])airs of secondaries, and in the more regularly

serrate margin. Betiila elUptica Sap., as identified l)y Lesquereirx" from

John Day Valley, Oregon, is perhaps closer, yet this differs in having only

6 or 7 pairs of secondaries and also in the teeth. Bctiihi /Kirce-dentata

Lx., from the same locality, has the same kind of teeth, but differs in size.

'Tert. Fl., p. 139, PI. XVIII, figs. 1-5.

-Cret. autl Ti-rt. Fl.,p. 242, PI. LI, tig. 6.
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Besides these, lieloiiging- to the genus BetiUa, there are a number of

others more or less resembling- this leaf; e. g., Alnu.^ carpimides Lx./ from

Brido-e Creek, Oregon, and Celastrus ovatns Ward, from the Fort Union

group of Montana.

Among li^nng species this appears to be closest to Bdnhi hifea ^lichx.,

but even this is somewhat remote. In the future it may l)e thought best

to place this fossil species under some other genus, for which, no doubt,

reasons may be found, l)ut for the present it seems best to place it in Betula.

Betula (pquaUs Lx.,' from the Auriferous gravels of California, is evidently

closely related: but this differs in being much narrower, more wedge-shaped

at base, and in liaving fewer and smaller teeth. B. piisca Ett., as figured l)y

Ward^ from the uppermost Fort Union, near the mouth of the Yellowstone

River, is similar but nuich smaller.

This species is named in honor of Prof J. P. Iddings, of the University

of Chicago, wlro pointed out the locality at wdiich it was first collected.

Habitat: Yellowstone River, one-half mile below the mouth of Elk

Creek, top of blufi-'; collected by F. H. Knowlton, August, 1888. Hill

above Lost Creek, bed No. 2; collected by F. H. Knowlton, August o, 1888.

CoRYLUS MACQr.\RRYi (Forbes) Heer.

PL LXXXVI, tig. 3.

Coviilus macquarryi (Forbes) Heer: Urwelt d. Schweiz, p. 321, 1805.

The collection contains a single well-preserved specimen that is referred

with some little hesitation to this well-known species. It has the proper

shape, including the heart-shaped base and identical nervation, but differs

slightly in the marginal dentation. In the typical form the margin has

numerous rather small, sharp, upward-pointing teeth, while the (me under

consideration has fewer, rather blunt teeth. It may not he the same, but

rather than make a new species I have referred it to ('. iiiaajxarrfii.

Habitat: Fossil Forest, middle stratum, Hague's Yellowstone National

Park collection (No. 1220); collected by Arnold Hague, September 24, 1884.

'Op. (it., p. 243, PI. LI, fig. 5.

- Meiu. JIus. Comp. Zool., 1878, p. -', PI. I, figs. l'-4.

'Types of the Laramie FL, PI. XIV, fig. 2.
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FACUCE.E.

Faous antipofii Al)icl).

Far/iis antipofii Abicb. Lesquereus : Aiiu. Kept. V. S. Geol. and (ieog. Sniv. Terr.. 1S72

(1873), p. 403.

Llcntiiied bv Lesquereux, l)iit not since observed.

IIal)itat: "Elk Creek, near Yellowstone River; A. C. Peale, Josejjh

Savage, and O. C. Sloane."

Fagus undulata n. sp.

PL LXXXV, flgs. 4, 5.

Leaves small, of verv firm texture; ellijitical with a broadly wedae-

shaped base and apparenth' olitnse apex; margin regularly undulate-

toothed, the teeth Ijeing regularly rounded and separated by similarly

rounded sinuses; midrib strong, straight; secondaries numerous, ojjposite,

parallel, unl>ranched, all entering the obtuse teeth; nervilles very numerous,

at right angles to the secondaries, usually bi-oken and anastomosing,

although sometimes ii'regularlv percurrent: Hner nervation ])roducing

small, irregularly quadrangular areolation.

This tine species is fortunately represented b}' several very jierfectly

preserved examples, the two tigured showing both the liasal and apical por-

tions. They A-arv in length from 6 to 10 cm. and in width trom '1.1') to 4

cm. The maro-ins are verv regularlv imdulate-toothed, the sinuses being

almost an exact reverse of the nearest teeth. The wedge-shaj)ed base is,

however, without teeth for a short distance. The secondaries are at an

angle of about 45°. They are parallel, and all enter the obtuse teeth. All

of the finer nervation is beautifidly preserved and is seen to be irregularly

quadrangular.

This species does not approach closely to any living- species known to

me. It is perhaps nearest to certani forms of the common American F.

ferruginea Ait., but the liA'iug- form differs in being proportionatel}' broader,

and when toothed has sharp teeth, c[uite like Castanea, and pointing vipward.

Among the 80 or more fossil species that ha\e Ijeen described from

various parts of the world, there are several that our species more or less

closely resembles. Of these, F. dentata Gopp., as identitied by Heer' in the

' Fl. Foss. Aict., Vol. I, i>. 10(1, PI. X, ligs. 76, 9.
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Eocene beds ;it Atanekerdluk, (Ti-eeiiland, perliaps approaches most closely.

They are, however, larg-er leaves, with coarser, more acute teeth and fewer

strictly alternate secondaries. The leaves of F. undnJnta are quite unlike

tlie type specimen of F. dentata as described by Gijppert* from the Tertiary

of Schossnitz, as indeed are the leaves doubtfully so identified by Heer.

The Yellowstone National Park leaves are also quite like leaves of

F((f/iis castanecefolia Ung., as figured by Heer'- from the same beds. These

were afterwards referred, b}- Heer^ to his Castunea unyeri on what seems to

me to have been insufticient grounds. There is hardlv any difference

between these and leaves of F. uiuhdata, except that the teeth are a little

sharper. It is probable that they should be placed together, but as the

status of Heer's plants is somewhat unsettled, I have preferred to keep them

se[)arated. for the i)resent.

Cliippert has also described another species, F. affemiatd, from Schoss-

nitz, which is really quite close to F. imdidata. It is about the same size and

has rounded teeth, but there is uniformly a tooth between two of the teeth

which are entered by the secondaries. In F. undidata every tooth is entered

by a secondary.

Fagus aidipofii Abich, as figured by Heer,* from the so-called Miocene of

Ala.ska, is not greatly unlike the species under consideration. It has the

outline, parallel secondaries, and finer nervation, but not the sau^e kind of

teeth. There are a number of other species, as F. atlantica Ung., F. feronm

Ung.^ as figured by Lesquex'eux" from ?]lko, Nevada, etc., that resemble

F. undulatu in one or more particulars, l)ut not b}' any means sufficiently

for specific identity.

But among all fossil forms, two of the leaves described by Heer as

Castuncu loif/eri,'' from the supposed Miocene of Alaska, are undoubtedly

nearest to the species under consideration. They are of about the same

size and shape, but have teeth a little more acute. The secondaries are

numerous, parallel, and enter the teeth as in Fugits uinluhifa, but in origin

' Tert. FL v. Schossnitz in Schlesieu, Gorlitz, 1855, p. 18, PI. V, fig. 11.

= Fl. Foss. .\rct.. Vol. I, p. 106, PI. X, tig. la : PI. ZLVI.figs. 1-3.

^Loc. cit., Vol.11 (Fl. Foss. Alask.), p.32.

"Loc. eit., PI. VII, fig. 4.

H'blor. Prot., PI. XXVII, fig. 2.

sTert. Fl., p. 14(i, PI. XIX, figs. 1-3.

' Fl. Foss. Arct., Vol. II ( Fl. Foss. Alask. ), PI. VII, ligs. 1, 2.
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they are uiiitbrnily alternate instead of opposite. Tlie 2 leaves iigured

by Heer I re.yard as very doubtful. From their general facies they are

much more likelv to belong to Fagus than to Castanea. The other leaf

fio-ured with them' does not appear to be the same, tnid is proba))ly a Cas-

tanea, although somewhat anomalous. They are found associated in the

same beds with 2 si)eeies of Fagus, from wliicli they are hardly to be

separated.

Habitat: Bluff on Yellowstone River 1 luile Itelow mouth of Elk Creek,

and about same distance above mouth of Hellroaring Creek; collected Ijy

F. H. Knowlton, August 4, 1888.

Castaxea pulchella n. sp.

PL LXXXVL tigs. 6-8; PI. LXXXVII, ligs. 1-3.

QHtrcus drijmijii Uug. Lesciuereux: Cret. and Tert. Fl., p. I'-l'), PI. LIV, tig-. 4.

Leaves of very thick, tirm texture; long -lanceolate in (uuline, with

wedo-e-shaped base and long, slender, acuminate apex; margin evenly and

reo-ularly toothed; teeth large and sharp, separated by jjrominent sinuses,

or more obtuse with sliallower siiuises; petiole long, slender; midrib strong,

straight; secondaries very numerous, opposite or alternate, parallel, all,

except two or three of the lowest, entering the teeth; nervilles well pre-

served, numerous, at right angles to the secondaries, mainly broken.

This fine species is represented by a very large series of specimens,

nearlv all in excellent state of preservation. They range in size from al)out

8 to 20 cm. in leuiith and from 2 to 6 cm. in widtli, while the jjetiole in some

cases is 3.5 cm. long and i-ather slender. They are lanceolate in outline,

with a long wedge-shaped base, which is without teeth for some distance,

and a very long slender apex provided with numerous strong teeth. The

teeth of the margin are numerous and regular, in some cases, as in fig. 2

of Pk LXXXVII, being very large and sharj), while in others they are

less prominent. They ;u-e, however, all sharp and ujjward })oiuting. The

secondaries are numerous, parallel, and entering the teeth. The finer

nervation is well preserved, the nervilles being numerous and mainly

bi'oken in crossing.

It is with some hesitation that these leaves are described as new to

science. " At first the^" were thought to be the same as the lea\es from

'Loo. cit., PI. VII, fig. 3.
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the Auriferous <irav('ls of Califoruiu referred l)y Le.s(juereux to Cdvtai/ea

iiiifjcri Heer/ InU a careful study of tlie Yellowstone National Park material,

coiuitrising- nearly 100 si^'cinuMis, and of a iine coUeetiou from Inde-

pendence Hill, Placer County, California, has convmced me that tliev are

distim-t, althouu'h closely related. The C'alifornia s})eeies diflfei in havino'

a shorter petiole, in the wedge-shaped base lieing destitute of teeth for a

greater distance, in having serrate margins lather than Castanea-like teeth,

anil in luiving in general closer secondaries. This stuth' has also l)rought

ut the fact that Lesijuereux could hardlv have been correct in identifying

the California specimens with Castxuwa itngerl as iigured by Heer- from

Alaska. As already stated under Fagus undulata (|). 700), it is more than

probable that "2 of the leaves figui-ed b}' Heer (loc. cit., PI. YII, figs. 1, 2)

should be restored to Fagus, and the other is certainly specificalh' distinct

from the ( 'alifornia leaves. The California specimens, as stated, differ also

from the Yellowstone National Park species, and should proliablv be given

a new name.

Tves(|uereux identified'' as Qitcrcus drj/iiicja Ung., a single leaf from

ih-idge Creek, Oregon, that nuist certainly be the same as Castanca ludrhrUa.

It is, for example, absolutely indistinguishable from fig. 7 of PI. LXXXYI
and fig. 2 of PI. XXXVII. A comparison of certain of the European figures

of Q. (Iri/iiicja makes it more than j)robable that it was not correctly identified

among the Bridge Creek material. The leaf figured l)y Lesquereux is

referred to C. pulcheUa, and Q. drymeja should l)e stricken from the west-

coast flora, at least so far as it depends on this particular specimen.

It was at first thought best to separate the small leaves rejaresented in

fig. 7 of PI. LXXXYI and figs. 2 and 3 of PL LXXXYII, as a distinct

species, Init the only difierence is one of size, and in the large series at hand

this breaks down. All gradations from the smallest to the largest may )je

found, which is quite in accord with the well-known difierences in size of

leaves to be found on living Castanea.

Habitat: Fossil Forest Midge, Yellowstone National Park, Ijed No. 7,

altitude about 7,250 feet; collected by Lester F. ^Yard and F. H. Knowlton,

August 16-20, 1.S87. Yellowstone River, one-half mile below mouth of Elk

'Ciet. and Tert. FL, p. 246, PI. LII, figs. 1, 3-7.

-F1. Foss. Arct., Vol. II (Fl. Foss. Alask.), p. 32, PI. \'II. figs. 1-3.

sCret. aud Tert. Fl., p. 245, PI. LIV, tig. 4.
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Creek, l:)luff 300 feet aliove stream; collected ]>y F. H. Knowlton, August

27, 1S88. Junction Butte Fossil Forest, altitude about 7,450 feet; collected

by Lester F. Ward and F. H. Knowlton, August 25, 1887.

QUERCUS GROSSIDF.NTAI'A H. Sp.

PL LXXXVn. ttg. 7.

Leaf large, coriaceous, bmadly lanceolate (base destroyed), apex

acuminate; margin strongly toothed, the teeth sharp, upward pointing;

midril) perfectly straight; secondaries about 8 ov 9 jiairs, alternate, at

an angle of 45°, craspedodrome, slightly arching upward, ending in the

large teeth; nervilles strong, at right angles approximately to the midrib,

mainly percurrent, Ijut occasionally forked or broken, tiner ner\atiou not

retained.

Unfortunately this tine species is represented In* the single specimen

figured, and this, it maybe seen, lacks the basal portion. The part retained

is 10 cm. long and 4.5 cm. wide. It was probably 14 or 15 cm. in length

when j)erfect. It has the margin strongly toothed, the teeth with long,

rounded or sharp points, each of which is entered by a secondarj-.

Habitat: Fossil Forest Ridge, bed No. 5; collected by Ward and

Knowlton, August 19, 1887.

QuEKCus coNsiMiLis? Newby.

PL LXXXVII, tig. 0.

Querciis coitsimUix Xewby. : Proc. U. ft. Nat. Mus., Vol. V, p. .j05, 18Sl' [1883].

Quercun brcireri Lx. : Oret. aud Tert. FL, p. I'-itj, PL LIV, tiys. .5-8.

This is only a fragment of the base of a leaf It does not agree

absolutely with the figures of Lesquereux, but rather than make it a new

species I have referred it provisionally as above.

Habitat: Yellowstone River, one-half mile Ijelow mouth of Elk Creek,

at top of blufl'; collected by F. H. Knowlton, August, 1888.

QUERCUS? MAGNIFOLIA U. .sp.

PL LXXXVIII, tig. 1.

Leaf large, of firm texture, long, broadly ol)ovate, narrowed to the base,

rounded-obtuse at apex; margin at base entire, remainder of margin
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destroyed, but probably toothed or lobed; uiidrilj thick, straiglit; seconda-

ries nbout 18 pairs, ahernate, at various ang'k^s, cur\ii:g- upward, apparently

cainptodrome; finer nervation entirely effaced.

The figured specimen is 1!) cm. in length, and was probably at least 22

cm. in length when entire. It is about 7 cm. broad in the widest part, which

is above the middle of the leaf". Unfortunately the margin, with the excep-

tion of a small portion near the l)ase, is destroyed, and consequently it is

impossil)le to jjroperh- cliaracterize this leaf. There is, however, a little

evidence to show tliat the margin was not entire for the whole distance, but

this is too vague to be of nmch value.

1 have referred this leaf provisionally to the genus Quercus, from its

resemblance to certain liviny forms, but it will be necessary to .see additional

material before tlie correctness of this view can be tested.

Habitat: Yellowstone River, one-half mile below mouth of Elk Creek,

at top of liluff; collected by F. H. Knowlton, August, 1888.

Quercus flrcinekvis Americana Kn.

PI. LXXXVIII, fig-. 5.

Quercus ftircineri-is americuiid Kn.: Bull. U. S. Geol. Surv. Xo. 152, p. 192, 1898.

Quercus furcineyvis Rossm. Lesqueieux: Cret. auil Tert. Fl., p. 21-1, PI. LIV, figs. I, 2.

The specimen here figured is certainly the same as that figured by

Lesquereux (loc. cit., PI. LIV, fig. 1) for this species.

Habitat: Fossil Forest Ridge, bed No. 5; collected by Ward and

Knowdton, August lH, 1887.

Quercus weedii n. sp.

PL LXXXVII, fig. 4.

Leaves mendjranaceous, ovate, rounded at base, acuminate at apex,

margin strongly, irregularly tootlied, teeth minutely spiny-pointed; nerva-

tion pinnate; midrib straight; secondaries about 8 pairs, alternate, at

an angle of about 45°, flexuose, craspedodrome, entering the teetli or

forking near the margin and the branches passing into the teeth, or with

strong nervilles crossing between 2 secondaries and sending' a branch to

the intermediate teeth; nervilles numerous, strong, at various angles,

MON XXXII, PT II 45
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percurreut or forked and broken; finer nervation beantifnlly preserved,

formino- quite regular, large areolae.

This beautiful species is represented by a considerable uuniljer of mure

or less perfect leaves, the best of which is figured. This figured example

is 11 cm. in lengtli and neai-ly G cm. in width. Others are only 7 cm. long

and 3.5 cm. wide. None larger than the one figured were obtained.

One of the marked features of this species is the number of teeth,

there being quite regularly twice as many as the number of secondaries.

These intermediate teeth are usually a little smaller than tlie others, and

are supplied with a branch from the middle of a strong nerville, which

crosses between 2 secondaries at some distance below the margin. This

character is so constant and so peculiar that it may even be of generic

value, but for the present the species may be retained in the genus Quercus.

This species has a more or less close resemblance to a number of

described fossil forms. It is, for example, somewhat like Quercus vihuriti-

fotia Lx.,^ from Golden, Colorado, Black Buttes, Wyoming, etc. This is

more wedge-shaped at base, has more irregular teeth, which are supplied

by branches from the forking secondaries. Quercus fjronlandica Heer" as

figured from Spitzbergen also belongs to this group, but is a much larger

leaf, with relatively smaller teeth and forked secondaries.

The very nuich larger leaf figured by Newberry as a young form or

variety of PJatanus liai/demi Newbyl, and coming from the Fort Union

beds at the mouth of the Yellow.stone, also belongs near this group. It is

impossible to see any generic, or even specific, differences between this

figure of P. haiidcidi and Ileer's figure above referred to of Quercus

gronlandlca. They must certainly be the same.

All of the species mentioned seem to be very close to the one under

consideration, but they differ constantly by the manner of the supply of

nei'ves to the secondai-y teeth.

I have named tliis species in honor of Mr. Walter Harvey Weed, who

collected the best specimen observed.

Habitat: Fossil Forest Ridge, middle stratum; collected by W. H.

Weed. Bed No. 6, "Platanus bed;" collected by Ward and Knowlton,

August 19, 1887.

> Tert. Fl., p. 159, PI. XX, fig. 11.

^Fl. Foss. Arct., Vol. II, Mioc. Fl. Spitzb. (K. Vetensk. Akad. Haudl., Vol. VIII, \o. 7), I'l. XII, tig. 5.

miustratious Cret. and Tert. Fl., PI. XXI.
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QVERCUS Sp.

PI. LXXXIX, fig. 7.

This is a fragment of the l)ase of what appears to have been a hirge,

thick knif. It has a tliiek midrib, and alternate, thin, parallel, straight

secondaries, which arise at an angle of about 45°. None of the finer

nervation is preserved.

This has some resemblance to the liasal portion of \\liat lias been

described as Q. cuJverl (\). 7()S), Ijut it was several times larger tlian this

and lacks the marginal toothing. They come from the same beds.

Habitat: Yellowstone River, one-half mile below mouth of Elk Creek,

at base of bluff: collected by F. H. Knowlton, August, 1888.

QuERCUS OLAFSENi Heer.

Quercus ohi/.seni Heer: Fl. Foss. Arct., Vol. I, p. 109, PI. XLVI, fig. 10. Lesquereux:

Cret. and Tert. Fl., p. 224, PI. XLVIIl, tig. i; p. 245, PI. LIV, fig. 3.

There are a number of examples of tliis species, some of which are

ver}^ well preserved. They are, with the exception of some minor details,

identical with the figures given b}^ Heer and Lesquereux. Thus only

occasionally are they doubly dentate, and the secondaries rarely branch.

They are undoubtedly the same as the leaves figured l)y Lesquereux.

This species was reported \)y Lesquereux from the Ba<l Lands of

Dakota (Fort Union group), and from Table 3Iountain, California

(Miocene?).

Habitat: Yellowstone River, one-half nnle below the mouth of Elk

Creek, top of bluff; collected 1)}- F. H. Knowlton, August 27, l.SSS.

QuERCUS YANCEVI 11. Sp.

PI. LXXXIX, fig. 2.

Leaf of firm texture, broadly lanceolate, somewhat wedge-shaped at

base and acuminate at apex, with undulate toothed margin; midrib strong,

straight; secondaries !l or 10 pairs, alternate, remote, emerging at a low

angle, curving upward, the lower ones arching along the border, upjjer

ones entering the teeth or often arching along and joining the one next

above; nervilles few, irregular, broken; finer nervation forming irregular

areolae.



708 GEOLOGY OF THE YELLOWSTONE NATIONAL PARK.

The leaf figured is the only one of this species observed. It is 10 cm.

long and 17 mm. wide in the broadest part, which is about the middle.

The entire leaf, with the exception of a fragment at the base, is preserveil.

The margin is entire for the lower third, then it is undulate-toothed, the

teeth being rounded or rarely with a minute sharp point. In the lower

part the secondaries arch and join, while those above either enter the teeth

or join by a long loop and send a branch from the outside to the teeth.

The finer nervation is well preserved, forming irregular meshes.

This beautiful species does not seem to be very closely related to any

fossil oak with which I am familiar. Perhaps its nearest relative is Q.

laurifolid Newby.,^ from "l)urned shales, over lignite beds, Fort Berthold,

Dakota," the age of which is not well indicated, but is certainly Tertiary.

It has only very faintly undulate-toothed margins, and the secondaries are

at a more acute angle than in the one under discussion.

1 have named this species in honor of Mr. John Yancey, proprietor of

the stage station, and the namer of the fossil forest neai- by.

Habitat: Yancey Fossil Forest; slope near the standing trunks; col-

lected by Lester F. Ward and F. H. Knowlton, August 10, 1887.

QUERCUS CULVERI n. sp.

PI. LXXXVII. fig. 5.

Leaf small, oi thick, firm texture, approximately oblong in general

outline, obscurely 3-lobed; margin strongly, iiTegularly toothed; teeth

obtuse or rounded, pointing outward, separated by broad, shallow sinuses;

petiole slender; midrib rather slender, nearly sti-aight; secondaries 6

pairs, subopposite, emerging at an angle of about 45°, or the 2 lower

pairs only 25°, all nearly straight and entering the teeth ; third pair of

secondaries longest, entering the lateral lobes, with branches on the lower

side which pass to smaller teeth; nervilles strong, apparently broken ; finer

nervation not preserved.

This beautiful species is represented only by the specimen figured. It

is a small leaf, being about 7.5 cm. long, including the petiole, which does

not seem to be entirely preserved, and 5 cm. broad bewteen the lateral

' Proc. U. S. Nat. Mns., 1882, p. 50."i; Plates ined., PI. LIX, fig. l5. iV
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lobes. As alread}' stated, tlie leaf is oljseurely oblong in general ontline,

being sliglith' wedge-shaped at base and having the strongest teeth or

lateral lobes ut about two-thirds of the distance from the base. The apex

is not preserved, but judging from tlie contour it must have been rather

obtuse. The teeth of tlie margin are also rather obtuse. The nervation is

strongly craspedodrome, the secondaries or liranclies all entering the teeth.

Only a few nervilles are preserved and those apj)ear broken. None of the

ultimate nervation has l)een preserved.

This s])ecies is quite unlike any American fossil species with which I

am familiar. Among living species it approaches quite closely to occasional

leaves of Q. pr'moldcs Willd., of the eastern United States. The living

leaves incline to be more wedge-shaped at base and to have stronger teeth

separated by deejier sinuses. It is hardly probable that the resemblance is

close enough to warrant the assumption that Q. prhioidcs has actually

descended from this fossil form.

I take pleasiu'e in having named this line species in honor of Prof

Gi-eorge E. Culver, some time professor of geology in the University of South

Dakota, who assisted me in making the collection of plants in the Yellow-

stone National Park.

Habitat: Bank of Yellowstone River, one-half mile below the mouth

of Elk Creek ; top of l^luff 300 feet above stream, in white, coarse-grained

tuff; collected August 28, 1888, by F. H. Knowlton and G. E. Culver.

QUERCUS HESPERIA n. sp.

Leaf of firm texture, broadly lanceolate in outline, passing from about

the middle down into a long wedge-shaped base, rather abruptly pointed at

apex; margin with few (8 to 10) strong, sharp, upward-pointing teeth;

midrib strong; secondaries 10 to 12 pairs, alternate, straight or slightly

cui'ving, ending directly in the teeth; intermediate secondaries frequent,

about midway Ijetween the secondaries, disappearing about halfwa}" between

midrib and margin; nervilles irregular, producing large, coarse areolation;

finer nervation similar.

The specimen upon which this species is founded is nearly perfect,

lacking only the tip. It is 6 cm. long and a little more than 2 cm. wide.

The lower half of the leaf is regularly wedge-shaped and the iqjper portion is
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apparently rather aljrnjitly i)ointed. Thu teetli are strong and sharp-pointed,

Avith rounded sinuses.

This species seems to be allied to (J. hou-cniana Lx.,^ from California, but

differs essentially in having nuich larger, sharper teeth and straight

secondaries. It is also allie<l to <^). i/tii/rt'i/i which has midulate or slightly

toothed margin and fewer, more curved secondaries. It somewhat

resembles a leaf that has been described as Hicoria culver i, which, however,

differs in the teeth, and in having a camptodrome instead of a craspedodrome

nervation.

Habitat: Yellowstone River, one-half mile l)elow mouth of Elk Creek,

at top of buiff; collected l)y F. H. Knowlton, August, 1888.

Dryopyllum longipetiolatum n. sp.

PL LXXXVIII, figs. (5, 7.

Leaves lanceolate, long wedge-shaped at base, long narrowly acuminate

at apex, margin regulaidv undulate-toothed, the teeth sharp, upward point-

ing, separated by rather shallow sinuses ; petiole very long, slender ; midrib

thick, straight; secondaries numerous, alternate, 12 pairs or more, at a low

angle in the lower part, more acute above, slightly curving outward in

l^assing to the margin, all ending in the teeth ; nervilles at right angles to

the secondaries, obscure l)ut apparently mainly itercurrent ; liner nervation

destroyed.

This species is represented by a number of specimens, none of which

are complete in a single example, but by combining several a good idea of

the species is given. The length appears to have been about 20 cm. and

the width in the middle 4 cm. The petiole is long, being 2.5 cm., and pos-

sibly not all preserved. In the larger leaves the secondaries are quite

remote and distinctly alternate. They arch slightly in passing to the teeth.

The leaves of this species w^ere at first confounded with leaves of

Castanca pulclieJla, with which they occur in the same beds, but they differ

in the longer petiole, the smaller teeth, anil in the irregular, arching

secondaries, with an occasional intermediate secondary between. The

teeth of the upper tliird of the leaf are also of a different character.

' Mem. Mus. Comp. Zocil., Vol. VI, No. 2, p. 6, PI. II, figs. 5, 6.
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Among species of Diyophyllum this species has some resemblance to

D. aquamanini "WarfP from Black Buttes, Wyoming. Tlie latter differs in

being broadest below the middle, iindnlate or sinuate toothed, and in having

more numerous, often camptodrome, secondaries. I), siihfulcatum Lx.,^ from

Point of Rocks and Hodges Pass, Wyoming, also has some resemblance,

but is much smaller, with more numerous close secondaries.

Habitat : Fossil Forest Ridge, Yellowstone National Park, bed No. 7,

" Castanea bed ;" collected by Lester F. Ward and F. H. Knowlton, August

lG-20, 1887.

ILMACE.E.

Ulmus pseudo-fulva ? Lx.

PI. LXXXVIII, fig. 2.

Ulmu^ pseuilo-fulva Lx. : Mem. Mus. Coinp. Zool., Vol. VI, p. IC, PI. IV, flg. 3, 1878.

The fragment figured is all that has been found of tliis form, and it is

doubtfully referred to this species.

Habitat: Lamar River, between Cache and Calfee creeks, Yellowstone

National Park; collected by F. H. Knowlton, August, 1888.

Ulmus minima! Ward.

Ulmus mhiiniu Ward: Types of the Laramie Fl., p. 4.5, PI. XXII, figs. 3, 4,

A single small broken specimen is referred doubtfully to this species.

It is of about the same size, but has the secondaries at a little lower angle,

and has the nervilles well preserved. They are strong and percurrent.

The margin is toothed, l»ut the teeth are not well preserved.

This leaf is found on the same piece of matrix with Ficus tilicefoUa^

Al. Br.

Habitat: Mountain back of Yanceys, near the fossil trees; collected by
F. H. Knowlton, August, 1888.

' Types of the Laramie Fl., p. 26, PI. X, figs. 2-4.

^Cf. D. bruiieri Ward, uow referred to D. subfalcatum : Types of the Laramie F!., p. 27, PI. X,

figs. 5-8.
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Ulmus rhamixfolia? Wnrd.

Ulmvs rhaminfoMu Ward: Types of the Laraiuie Fl., p. 45, PL XXIII, flg. 5.

This species is also represented by a sino-le, much broken leaf, with only

a small portion of the margin preserved. It has the size and nervation of

Professor Ward's species, and is with hardly any doubt the same.

Habitat: Yellowstone River, one-half mile below the mouth of Elk

Creek, top of bluff; collected by F. H. Knowlton, August, 1888.

Ulmus, fruits of.

PI. LXXXVIII, figs. 3, 4.

As it is impossible to determine the species of Ulmus to which these

fruits belong, or properly to characterize them, I have preferred to leave

them unnamed specifically.

Haliitat: Yellowstone River one-half mile below mouth of Elk Creek,

top of bluff; collected by F. H. Knowlton, August, 1888.

Planera longifolia Lx.

Planera longi/oUa Lx.: Tert. Fl., p. 189, PI. XXVIl, figs. 4-6; Cret. and Tert. FL,

p. 161, PI. XXIX, figs. 1-13.

The collection contains some 40 more or less well-preserved examples

of this species, which agree very well indeed \\'ith the various figures

given by Lesquereux. A number are so well preserved that the finer

nervation is retained. The nervilles are numerous, parallel, and mainly

percurrent.

Habitat: Fossil Forest Ridge, bed No. 3 (30 specimens); bed No. 5

(10 specimens); collected by Ward and Knowlton, August, 1887.

ITRTICACEiE.

FiCUS DEFORMATA n. Sp.

PI. XC3I, flg. 2.

Leaf large, thick, long-obovate, slightly unequal-sided at base, abruptly

rounded above to an obtuse apex and rather abruptly narrowed below;

margin entire, conspicuously indented or deformed on one side, the margin

of indentation rounded; midril^ thick; secondaries thick, 10 or 12 pairs,
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alternate, emerg'ing at an angle of 35° to 45", cnrving npward, camptd-

drome; none of the finer nervation preserved.

This leaf is 15.5 cm long' and almost S oni. wide in the broadest part,

which is high above the middle of the blade. It is long-obovate, obtnse at

apex, and A-ery broadh' or obtnsely wedge-shaped at base. The margin is

entire except for a curious indentation on one side, wliicli has probabl

v

resulted from an injury of some sort. Tliis indentation passes nearly to the

midrib and has rounded lobes. The secondaries adjacent to this are also

distorted, being much curved. Tlie finer nervation is not preserved.

It is possible that the fragment of tlie l)ase of a leaf described and

figured on PL LXXXIX, fig. 7, is the same as this species, btit it is obvi-

ously impossible to l.)e certain of this. It is also ttndonbtedly related to,

and is possibly identical with, 7^ asini'nircfolhi Lx.,* from Placer County,

California. This has tlie same shape and nervation, but for obvious reasons

it is best to keep them separate, at least until additional specimens can be

obtained.

Habitat: Yellowstone River, one-half mile below mouth of Elk Creek,

base of bluff; collected by F. H. Knowlton.

FlCUS UNGERI Lx.

ri. XOL fig. 3.

Ficus ungeri Lx.: Tert. FL. p. 105, PL XXX, fig. 3; Cret. aud Tert. Fl., p. 103, PL
XLIV, figs. 1-3.

Habitat: Yellowstone River, 1 mile below moutli of Elk Creek, west

side; and about same distance above Hellroaring Creek; collected by

F. H. Knowlton, August 4, 1888.

Ficus sp.

PL LXXXIX. fig. ,3.

This is too fragmentary to jjermit even the generic determination, but

it seems to belong to Ficus. It consists of the base of a thick leaf having

a thick midrib, with rather thin parallel secondaries and a short very thick

petiole.

Habitat: Yellow.stone River, one-half mile below mouth of Elk Creek,

base of blutf; collected by F. H. Knowlton, August, 1888.

' Cret. and Tert. Fl., PI. LVI, fig. 3.
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FiCUS SHA8TEXSIS? Lx.

Ficiis sha.stcusis Lx. : Proc. U. S. Nat. Miis., Yol. XI, 18S8. p. 28, PI. XI, fig. 3.

This species was describ('(l hy Lesquereux froiu Shasta Couiity, Cali-

foniia. It was said to be G cm. long- and 3.') cm. broad, and with a very

thick petiole. The Park leaf is 8 cm. long and 4.5 cm. wide, and hicks the

petiole. The nervation appears identical, Init I have hesitated to make a

positive identification on such scanty material.

Habitat: Lamar River, between Cache and Calfee creeks, on the same

piece of matrix as Sali.r anf/usta and Li/[jodmiii l-attlfusil ; collected by F. H.

Knowlton, August 27, 1888.

FiCUS SORDIDA Lx.

Flcus sordida Lx. : Mem. :\Ins. Coiiip. Zool., Yol. YI, No. 2, 1878, p. 17, PI. lY, figs. 6, 7.

A single fragment, representing the lower side of a leaf of about the

same size and nervation as fig. 7 of Lesquereux's plate.

Habitat: Specimen Ridge, Fossil Forest, "Platanusbed;" collected by

AYard and Alderson, August 2b, 1887.

FiCrS DENSIFOLIA n. sp.

PI. LXXXIX, fig. 1 ; PI. XC, flg.s. 1,2; PI. XCI, fig. 1.

Leaves large, very thick, unequal-sided, irregular long-obovate,

l:)r(tadest at or above the middle, obtuse above, narrowed below to a

rounded truncate or slightly heart-shaped base; margin entire or very

•slightly undulate; petiole not preserved; midrib very thick, .slightly

flexuose; secondaries 8 or H pairs, lower oi)})Osite or subopposite, others

alternate; lower secondaries thin, nearly at a right angle with nndrib,

others irregular, remote, at various angles, much arching upward, occa-

sionally forked, all camptodrome, and joining 1)}' Ijroad loops; middle

secondaries sometimes branched on the outside, the branches joining by

broad looj^s near the margin; nervilles strongly marked, mainly broken,

producing by union large quadi-angular areas; finer nervation producing

irregular quadrangular areas.

This fine species differs markedly from all others obtained in the

Yellowstone National Park, and is quite unlike any Amei-ican form. The

smaller leaves are 13 or 14 cm. long and .5 or 6 cm. broad, while the larger
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examples are fully 25 cm. long and nearly or ([uite 10 cm. broad. They
are broadly obovate, being- broadest usually above the middle. At base

the leaves are narrowed into a small rounded, truncate, or even heart-

shaped part. Above they appear rather abruptly naiTowed into an obtuse

ajiex.

The nervation is strongly marked. The midrib is xevv thick, as are

most of the secondaries, especially in the middle, when they pass to the

broad portion of the blade. They are then alternate, thick, and sometimes

forked, and not rarely branched on the outside. The secondaries and their

branches are arched and joined by broad bows.

Habitat: Southeast side of Crescent Hill, largest specimen (PI.

LXXXIX, fig. 1); Yellowstone River, one-half mile below mouth of Elk

Creek, one peculiar, somewhat doubtful, specimen; also one from base of

bluff (PI. XC, fig. 1): hill above Lost Creek, typical specimen. All of the

above collected by F. H. Knowlton, August, 1888. Specimen Ridge, Fossil

Forest, opposite Slough Creek, "Platanus bed" and bed 100 feet above

same; specimens numerous; collected by Lester F. AVard and E. C.

Alderson, Augu.st 25, 1887. Fos.sil Forest Ridge, bed No. 5, "Salix bed,"

one broken specimen; collected by Ward and Knowlton, August 9, 1887.

FiCUS HAGUEI n. .sp.

PL XG, tiy. 3.

Leaf thick, broad, rounded-ovate, apparently rounded and truncate at

base and rather abruptly acuminate at apex: margin entire: midrib thick,

perfectly straight; leaf palmately 3-ribbed from above the base, appar-

ently a pair of thin secondaries originating from or near the base of the

lamina, then a pair of very strong subalternate ribs or secondaries, at an

angle of about 45°, which arch upward; above this pair, in the upper

part of the lilade, are 4 or 5 pairs of alternate thinner secondaries at a

lower ang-le; all of the secondaries are joined some distance from the

margin by a broad loop, with another series of smaller loops outside

these, at least in the lower portion of the leaf; a number of irregular inter-

mediate secondaries occur between the primary secondaries; nervilles thin,

irregular.

The specimen tigured is the only representative of this stronglv char-

acterized species. It unfortunately lacks both base and apex, but the por-
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tiou preserved is 8 cm. long- and nearly 8 cm. wide. There is, of course,

no means of knowing the configuration of base and apex, liut from all

indications it is proliuble that the base Avas rounded-truncate and the apex

abruptly acuminate. Tt is well characterized by secondaries, of which the

lower prominent pair are strongest and arch up and join b}^ a broad loop

to tlie secondaries above, producing a palmately ribbed leaf.

I am uncertain as to the correctness of this g'eneric reference, but it

seems to api)roa,ch closer to P^icus than any other. In any case, it is so

Avell marked that it can be i-eadily recognized. It does not appear closely

related to any fossil .species with which I am familiar, but among living

.species it has considerable resemblance to F. nodosa Tey. and Binn., and

F. proccra R., both from British India.

The species is named in honor of the discoverer.

Habitat: Fossil Forest Ridge, middle stratum; collected b}^ Arnold

Hague, September 21, 1.S84.

FiCUS TILLEFOLIA? Al. Br.

A fragment of the liasal portion ol a large leaf, apparently of this

species. It is, for example, very much like the figure given by Lesquereux,^

from the Auriferous gravels of California.

Habitat: Hill above Yancey s and near the fossil trees; collected by

F. H. Knowlton, August, 1888.

FiCUS ASIMIN^FOLIA Lx.

Fivus asimincefolia Lx. : Oret. aud Tert. Fl., p. 2.50, PI. LVf, tijis. 1-3.

A single deformed leaf, which agrees in nerv;itiou with this species and

with the upper portion of another perfect leaf.

Habitat: Fossil Forest Ridge, bed No. 3, "Magnolia bed;" collected

by Ward and Knowlton, August, 1887. Yellowstone River, one-half mile

below mouth of Elk Creek, base of blufi"; collected by F. H. Knowlton,

August, 1888.

ArTOCAKPUS ? QUERCOIDES U. sp.

PI. XCII, fig. 1.

Leaf large, thick, 5 (7"?)-lobed, lower lobes large, rounded; upper

lateral lobes smaller, turning upward, of about the same size at apex as

' Mem. Mu8. Comp. Zoiil., Vol., VI. No. 2. p. 18, PI. IV, fig. 8, 1878.
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central or terminal lobe, all separated bv l)roa(l, ronnded sinnses; midrib

\evv thick l)elow and to the middle of the leaf, from wliich point it i-aj)idlv

diminislies to the apex; secondaries numerons, alternate, at angle of 30°

to 4o°, abont 4 in each lobe, except the small central lobe, the upper

ones passing to the apex of the lobe, the other curving near the margin

below it; short secondaries pass up to and iirch along above the sinuses,

occasionally in the upper jiart forking and passing on both sides; nervilles

strong, percurrent, nearly at right angles to the secondaries; tiner nei'vation

not preserved.

The specimen figured is the only one obtained of this remarkable and

highly characteristic leaf It is not perfect, yet it appears to represent

practically all of the leaf The })art preserved is 14 cm. h^ng and 9,5 cm.

broad between the upper lobes. It was probabh* at least 17 cm. in length,

and if there were 7 lobes it was of course much larger. It was probably

12 to 14 cm. broad between the lower lobes. Tlie width at the middle

sinus is a little less than 3 cm. It is strongly o-lobed, and, following the

analogy of Artocarpns lessigiuna (Lx.) Kn., may have been 7-lobed.

There is, however, no evidence that it had more than 5 lobes. The

lower lobe is 5..") cm. wide at a distance of 1.5 em. from the midrib,

while the upjier lateral loljc is fully 6 cm. wide at the same distance from

the midrib. The extreme length of the upper lol»e is less than 5 cm., the

apex being cnrved around and up. The secondaries, as pointed out in the

diagnosis, are about 4 in number in each lobe. They are aboiit 1 cm.

apart, the upper one only entering the apex of the lobe. The only trace of

the finer nervation consists of a few strictly percurrent nervilles.

I am in doulit as to the ])roper generic reference of this leaf When it

was collected in the field, the conclusion was hastily formed that it was an

oak, but the nervation is not at all that of this g'enus. It seems to have rather

a moraceous character, but I have not been entirely successful in finding

affinities. It has some resemblance to species of Ficus, but on the whole

approaches closest to Artocarpus. Compared with living species it is of

the A. incisa type, yet of course differs in marked peculiarities, having, for

example, only five instead of many lobes. Among fossil species this undoubt-

edlv approaches J. lessiglana (Lx.) Kn.,^ found in the Laramie and Denver

formations of Colorado, Wyoming, etc. The Yellowstone leaf has much the

1 Science, Vol. XXI, p. 24.
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shape and tliick midril) of the other, but differs essentially in having 3

or 4 secondaries instead of 1 in each lobe. It is, however, a leaf suf-

ficiently well characterized to j^ermit it to be readilj' recognized, and if

material is hereafter found that will throw additional light on its affinities,

it can be easily transferred to its proper genus. For the present it may

remain under Artocarj)iis.

Habitat: Yellowstone River, one-half mile below moutli e>f Elk Creek;

collected by F. H. Knowlton, August, 1888.

MAGNOLIACEiE.

Maoxolia califoknica ? Lx.

Magnolia californica Lx. : Foss. PL Aurif. Gravels, Mem. Mus. Comp. ZoiJl., Vol. VI,

No. 2, 1878, p. 25, PI, VI, tigs. .5-7.

A single specimen, of which oidy the upper part is preserved. It has,

so far as can lie mnde out, the shape and nervation of this species, but it is

so much lirokeu that its ])ositive identification is not possible.

Habitat: Fossil Forest Kidg6; Hague's No. lUGO.

Magnolia spectabilis n. sp.

PI. XGIII, flys. 1, 2.

Leaves very thick, ct)riaceous; liroadly elliptical-lanceolate in outline,

with regularly rounded base and rather abrupt obtusely acuminate apex;

margin perfectly entire, not undidate; midrib thick, straight; secondaries

about 18 or 20 pairs, alternate, regular and jjarallel or slightly irregular

on emergence from the midrib, becoming ^jarallel above; secondaries either

forking near the margin or arching along and joining the one next aljove

in a series of loops, with a series of smaller loops outside; intermediate

secondaries usually numerous, sometimes passing nearly to the junction of

the primary ones, or becoming lost at one-half or two-thirds of the distance

from midrib to margin, irregular and not parallel to other secondaries;

nervilles numerous, irregular, broken, approximately at right angles to

the secondaries; finer nervation beautifully j)reserved, forming strongly

marked cptadrangular areolae.

This fine species is represented by a large number of well-preserved

specimens. The larger leaves are fully 20 cm. long and 7 or 8 cm. wide,
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and some of the smaller ones 12 or 15 cm. long and 4 to 6 cm. wide. The

leaves are thick and leathery, and evidently belonged to an evergreen

species.

It is altogether probable that the leaves obtained by Mr. W. H. Holmes

in 1878 from Amethyst Mountain and identiiied by Lesqnereux as Magnolia

lanceolata Lx.,' really belong to this species. As nearly as can be made

out from Holmes's description of the locality," it is the same as that which

aftbrded the specimens under discussion. But a careful comparison of these

numerous leaves with the figures given by Lesquereux, as well as with

specimens from the Auriferous gravels, makes it certain that they can not

belong to M. lanceolata. Magnolia spectahilis differs in being broader, more

rounded at base, with secondaries more curved and with numerous inter-

mediate secondaries. A still greater point of difference is in the texture of

the leaf Of M. lanceolata, Lesquereux says:^ "This leaf is not coriaceous,

rather of a thin suljstance," while 31. .spectahilis is thick and distinctly coria-

ceous or leathery. The finer nervation is not preserved in M. lanceolata,

so it is not possible to compare that point.

From further evidence it appears that these identical specimens were

again submitted to Lesquereux in 1887, and he then identified them with

M. inglefiehli Heer,* a s])ecies that lie has also reported from Lassen County,

California, Green River group, etc. It is certainly much more closely

related to this than to M. lanceolata, as may be seen from Heer's figures^ and

specimens identified with it from California. It i.s of the same shape and

size as M. spectahilis and is described as being coriaceous, but it difters

somewhat in having the secondaries more scattered, apex irregular, etc.

The finer nervation also differs. They are undoubtedly close, but seem to

be sufficiently distinct for specific separation.

Among living species the affinity of M. spectahilis is unquestionably

with M. gramliflom L., or M. fietida Sargent, as it is now called. The size,

outline, texture, and nervation are practically the same.

According to Sargent,'' the direct ancestor of Magnolia fatida was

I Mem. Mus. Comp. Zool., Vol. VI, p. 24, PI. VI, fig. 4.

"-Twelfth Ann. Eept. U. S. Geol. and Geog. Surv. Terr
,
1878 (1883), Pt. II, p. 49.

^Loc. cit., p. 24.

»Ct'. Proc. U. S. Nat. Mus., Vol. X, 1887, p. 46.

6F1. Foss. Arct., Vol. VII, 1883, p. 121, PI. LXIX, fig. 1 ; PI. LXXXV, fig. 3; PI. LXXX^^1, fig. 9.

<>Silva of North America, Vol. I, p. 3.
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probal:)ly M. high'JkhU as exemplified from Greenland, the type locality.

As already pointed out, this species is also the closest relative of M. spedahUls,

which in turn is closely allied to M. foetida. It is possible that M. inglefieldi,

the earliest arctic representative, was pushed down by the invading- ice,

occupying under a slight variation (71/. spectabilis) the Yellowstone National

Park, and surviving at the present day as 31. fwtida.

Habitat: Fossil Forest Ridge, bed No. 3, "Magnolia bed;" collected

by Ward and Knowlton, August, 1887.

Magnolia mickophylla n. sp.

Leaf thick, elliptical-lanceolate in outline, with slightly undulate entire

maro-in: midrib very thick, straight; secondaries 4 or 5 pairs, alternate,

very irregular, at an angle of 30° to 45°, much curved upward, forking

near the margin, the fork joined by the branch from the secondary next

below; intermediate secondaries present, irregular; nervilles irregular ; finer

nervation obscure.

A single broken fragment is the only example of this species observed.

The part preserved is 6 cm. long and 4 cm. wide.

This leaf was associated on the same piece of matrix with 31. speciahilis,

yet differs by the characters enumerated.

Habitat: Fossil Forest Ridge, b^-d No. 3, "Magnolia bed;" collected

by Ward and Knowlton, August, 1887.

Magnolia culver: n. sp.

ri. xoii, fig. 5.

Leaf large, membranaceous, broadly ovate, truncate at base, obtusely

pointed above; petiole short; midrib thin, straight; secondaries 6 or 7

pairs, alternate, at an angle of 40° or 45°, forking some distance below the

margin, camptodrome by broad loops; intermediate secondaries occasional,

soon lost in the middle area between the secondaries; nervilles numerous,

irregular, thin, broken; liner nervation producing large irregularly quad-

rangular areas.

The specimen iigured, which is that best preserved, is 14 cm. in length,

including the petiole, but lacks the apex. It must have been some 15 cm.

long when perfect. It is broadest just below the middle, where it is 8 cm.

wide. The petiole is 1 cm. long and moderately thick.
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This line .species belong-s certainl}- to the g-euus Mao-nolia, as attested

by the shape and the forking, camptodrome secondaries. It is, however
quite unHke any of the other species found in the YeUowstone National
Park. Perhaps its clo.sest relation is 31. ralifornica Lx.,^ from the Chalk
Bluffs of California. It is different in shape, l)ein<;- ovate in.stead of Ijroadlv

oval, and has somewhat different secondaries. The large quath-angular
finer nervation is similar in both.

It does not approach very closely to either nf tlie living- American
species, being- perhaps closest to M. tiniiiiii/afa L., the well-known cucumber
tree.^ The shape of the leaves is i)ractically the same, bur the nervation
differs somewhat.

I have named this species in honor of Prof George E. Culver, who
as.sisted in maldng the collection from this place.

Habitat: East bank of Lamar River, ])etween Cache and Calfee creeks;

collected by F. H. Knowlton and George E. Culver, August, 1888.

Magnolia ? pollarui n. sp.

PL LXXXI, figs. 9, 1(1.

Petals of firm texture, elliptical or elliptic-ovate in outline, narrowed
below, rounded-ol)tuse above; nervation of numerous approximateh- par-
allel nerves aboiit 2 nun. apai-t.

The best preserved of these 2 specimens (fig. 9) has T.o cm. in length
preserved, and was probably fully 8.5 cm. in length when perfect. It is

3 cm. broad in the middle, and is narrowed at base to a point of attach-

ment some 5 or 6 mm. broad. The upper point is unfortunately destroyed,

but it seems probable, from tlie appearance of the margin and nerves, that

it was obtuse. The nerves arise from the l)asal part and run approximately
parallel, spreading slightly in the middle and converging toward tlie apex.

In the middle these nerves are between 3 and 4 mm. apart, Init in the apex
they are separated by only about 2 mm. There is some evidence of inter-

mediate nerves, or possibly cross veinlets, l)ut these are s<:) indistinct that

a positive statement concerning tliem can not be made.

The other specimen (fig. 10) is a trifie over 5 cm. in length, but lacks

both upper and lower parts. It was probably 6.5 or 7 cm. in length when

'Mem. Mus. Comi). Zixil., Vol. VI, No. 1, p. 2,5, PI. VI, figs. 5, 7.

= Cf. Sargent: Silva of X. A., Vol. I, Pis. IV, V.

3ION XXXII, PT II 4(j
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perfect. It is exactly o cm. in Avidtli at tlie widest portion, wliicli is a little

above the midille. There is no indication of the form of the base, as it is

destroA'eil The apex was (juite obviously obtuse. The nerves are less

distinctly preserved than in the other specimen, l)ut l)v careful search they

can 1)(' made out as sliown in the tig'ure. Beyond these nothing can be

made out.

It is with some hesitation that these specimens are described as petals

of Magnoliii. They were at hrst supposed to be si)athe-like growths of

some monocotvledonous plant, and their identification as Magnolia 2:)etals

was first suggested by Mr. C. L. Pollard, of the United States National

Museum, in whose honor I take pleasure in naming the sj)ecies. The

probabilit)' of their being petals of a large-flowered i\Iagnolia is greatly

strengthened by the fact that undoubted Magnolia leaves in abundance are

found in the various beds of the Yellowstone National Park, whereas no

inonocotjdedonous plant has been found to which these apparently could

have belonge«l. There is a facies to the specimens that is difficult to

describe and wholly impossible to show in a figure, which is very sug-

gestive of Magnolia petals. The manner in which they curve and narrow

on the rock, although this appearance may of course be only accidental,

is very similar to the ])etals of certain large-flowered forms—such, for exam-

ple, as 31. coiivjiiciKi. In any case they are distinctive forms tliat may be

readily recognized, and, for the purposes of geologic correlation, are of

undoubted value. Several Ijotanists to whom the specimens have been

submitted agi-ee that their reference to Magnolia is fully warranted, and

for the present at least they may be so considered.

Habitat: Yellowstone River, one-half mile below the mouth of Elk

Creek (fig. ID): collected Ijy F. H. Knowlton, August, 1888. Fossil For-

est Ridge, opposite Slough Creek; collected by Lester F. Ward, August,

1887.

LAI KACE.E.

Laurus i'RIMIGENia? Ung.

PL XCI, figs. 4, 5.

Luuru.1 priiniijrnia Xing. Cf. Ward: Types of the Laramie FL, p. 47, PI. XXIII, fig. 8.

The nuu-li broken specimens are the onlj" ones of this species found.

Their identification is open to doubt, yet they are obviously the same as
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the leaf figured by Profcssui- Ward as this species fnnn Carlion, Wvoiniiia-.

More material will l)e necessary before its status can l)e fixed with (•ertaint\-.

Habitat: Yellowstone River, half a mile l)elow uiduth of Elk Creek,

foot of bluff: collected by F. H. Knowlton. Auu'ust, ISSN.

Laurus PERDrrA n. sp.

PL XCIV. tigs. 1-5.

Leaves coriaceous, broadly lanceolate, wedL;-e-shaj)ed at l)ase, obtuseh*

actiminate at apex; maroins entire, but very sliiihtly undulate; petiole

short, stout; midril) thick, straiohi; secondaries 7 or 8 pairs, alternate,

camptodrome, arisini;- at an angle of 40- or 45' and curving u[)ward and

arching along near the niargin and firming numerous broad loops or

bows; nervilles numerous, irregidar, mainly forked, approximately at right

angles to the midrib; finer nervation not preserved.

The collection contains a number of specimens of this species, none of

them, however, (j^uite perfect. They are about 15 cm. long and about

4.5 cm. broad. The 5 specimens figured sliow well the character of the

species. They are broadly lanceolate, with a regularh" narrowed base and

a]5parently a rather obtuse apex. The secondaries are about 7 pairs, which

arch much ujiward and along the borders. The nervilles are numerous,

mainly at right angles to the midrib, and irregular and often broken.

This species has some resemblance to Ldiirtis (lycnidts Lx.,^ from the

Auriferous gravels of California, difi:ering in being smaller, narrower, and

not so obtuse at apex. The resemblance is close enough, however, to make

it reasonably certain that the 2 species are quite closely related.

Pcrsea psoKh-cayolmensis Lx.,-from Table Mountain, California, is some-

what similar, but differs in being broader, more obtuse, and in having finer

nervation.

Habitat: Hill aliove Yanceys and near the standing fossil trees; col-

lected by F. H. Knowlton, August 28, 1888. Near same locality: collected

by George M. Wright, September 24, 1885.

>Cret. and Tert. Fl., p. 251. PL LVIIl, figs. 1, 3.

-Mem: Mus. Comp. Zo;il., Vol. VI, No. 1. p. 19, PL VIL figs. 1, 2.



724 GEOLOGY OF THE YELLOWSTONE NATIONAL PARK.

LaURU8 MONTANA U. Sp.

PL XCV, flg. 2.

Leaves large, evideiitlv ciiriaccinis, elliptical-lanceolate, narrowed grad-

nally (?) to the petiole and ( ?) npward to an acuminate apex (?), slightly

nne([ual-sided in the upper jiart; margin entire; midril) thin, straight; second-

aries 5 or 6 jtairs, alternate, the lower at a very acute angle, upper ones

slightly less so, all, liut especialh' the lower ones, with numerous branches

on the outside, which join and form broad loops just inside the margin;

nervilles strong, percurrent, apprcjximately at i-ight angles to the secondaries;

vdtimate nervation not j)reserved.

The leaf Ijy which this tine s[)ecies is represented unfortunately lacks

both base ami apex, but is otherwise well preserved. It is 10 cm. long as

now preserved, and was, when entire, probably at least 14 cm. in length.

The width is 5.3 cm. As stated, it is a little (3 nun.) wider on one side of

the midril) than the other, making it slightly une(|ual-sided. The nerva-

tion is peculiar, consisting of aliout 5 pairs of secondaries, of which the

lower, on the narrower side of the leaf, l)egins well toward the base and

passes up to the middle of the Ijlade, with numerous liranches on the out-

side at right angles to the midrib The lower secondary on the broad

side (tf the leaf is very thin and short, and anastomoses with a branch

from the lower portion of the second secondary. This latter is strong, and

passes above the middle of tlie leaf, and has only 4 or 5 branches on the

outside, all being at an acute angle with the midrib. The other second-

aries have 1 or more l)ranclies on i)utside, and also a number of strong

nervilles.

This species appears to be related to some of the forms figured by

Lesquereux as Laurus graudls,^ from California, and may possibl}- be an

anomalous form of this species. It is larger, more rounded, slightly uneqiial-

sided, and has (piite different nervation. It also resembles L. californica Lx.,^

from the same place.

Habitat: Yellowstone River, one-half mile l)elow mouth of Elk Creek,

base of bluff; collected by F. H. Ivnowlton, August, 1888.

'Cret. and Tert. Fl., I'l. LVIII, fig-. 3.

^Op. fit., PI. LVIII, tig. 8.
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Laurus pkinceps Heer.

PI. XCV, flg. -.',.

Ltniriis princrp.t Heer. Lesqiiereux: Cret. and Tert. Fl.. p. 251, PI. LVIII. flg-. 2.

The fine leaf shown in the phite is absohitely perfect. It ha.s the

same size, shape, and nervation as tig. 2 of Les(pierenx's phite (loe. eit.).

Haliitat: Yellowstone River, one-half mile below mouth of Elk Creek,

base of bluff; collected by F. H. Knowlton, August, 1888.

Laurus califorxica Lx.

Laurus cnlifm-nica Lx.: Ciet. and Tert. Fl., ji. 250, PI. LVII, fig. ?,-. PL LYIII, figs.

G-8.

Hal)itat: Fossil Forest Ridge, beds Nos. 3, 5, and (!; Specimen Ridge,

Fossil Forest, opposite Slough Creek; collected by AVard and Knowlton,

August, 18S7. Northeast side of Crescent Hill, o])i)(isite small pond,

altitude 7, '>()() feet: collected August 2, 1888, by F. li. Knowlton and

G. E. Culver.

Laurtts granois Lx

PL XCIII, flg. 3; PL XCV. fig. 1.

Laurus f/randis Lx.: Cret. and Tert. FL, p. 251, PL LVIII, tigs. 1.3.

Habitat: Fossil Forest Ridge, beds Nos. 3, 5, and 7; collected by
Ward and Knowlton, August, 18S7. Specimen Ridge, Fossil Forest, head

of Crystal Creek; collected by Ward and Alderson, August 25, 1887.

Hill above Lost Creek; collected by George M. Wright, September 24, 1885.

Persea pseudo-carolinensis Lx.

PL XCV, fig. 4.

Persea pseudo-carolinensis Lx. : Auriferou.s Gravels of California, Mem. JVIiis. Comp.
ZooL, VoL VI, Xo. 1, p. 1!>, PI. YII, figs. 1, 2.

The specimen figured, which is the best one found, agrees closelv with

the figure of this species given by Le.squereux (loc. cit, fig. 1).

Habitat: Specimen Ridge, Fossil Forest, head of Crystal Creek; col-

lected by Ward and Knowlton, August 25, 1887. East bank of Lamar

River, between Cache and Calfee creeks; collected by F. H. Knowlton,

August 21, 1S88.
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]\[alapoexna lamarexsis n. sp.

ri. XCIII, figs. 4, 5; PI. XCVI, &g. 5.

Leaves thick, coriaceous, ovate-oblong-, tapering- ilown-ward to a long

weilge-sliaped base and upward to an acuminate or obtusely acuminate

apex; margin entire; midrib thick, straight; nervation pinnate, consisting

of 2 pairs of opposite thick ribs or secondaries, of which the lower pair

arise near the base and pass up for nearly half the length of the Idade,

while the other arise some distance up and pass nearly or quite to the

apex; several }iairs of small secondaries arise from the midrib in the extreme

u}iper ])art of tlie blade; ril)s witli occasional branches on the outside;

nervilles apparently percurrent.

This species is represented by several specimens, 3 of the best of

which are figured. Unfortunately none of the specimens are perfect. The

larger and best-preserved specimen has 9 cm. retained, and must have

been 11 or 12 cm. in lengtli when complete. This specimen is 4 cm. wide.

Another example has 7 cm. of the upper portion preserved and is about

4.5 cm. wide. The small one figured is not quite 4 cm. in length and

alxiut 1.5 cm. in width.

Among living species 31. lamarensis very nuudi resembles Tetrantlicra

(Litsc(i) dealhafa K. Br., from Australia, and also approaches Litsca ghtnca

Seib., from Japan—tliat is, it approaches these living species closely enough

to make it certain tliat the generic reference is correct. Among the fossil

species, Tefnnifhra jmecursoria Lx.,^ from the Bad Lands of Dakota, is quite

suggestive. This species is somcAvhat obovate instead of ovate-oblong, and

has about 4 pairs of secondaries, which do not differ in size as they do in

M. lamarensis.

Habitat: East ])ank of Lamar River, between Cache and Calfee creeks;

collected by F. H. Knowlton, August 21, 1(S88. Yellowstone River, one-

hnlf mile below moutli of Elk Creek; collected by F. H. Knowlton,

August 27, 188.S.

LiTSEA CUNEATA n. sp.

PI. XCII, figs. 2-4.

Leaf membranaceous, broadly lanceolate, wedge-shaped at base and

narrowed in about the same manner at apex; midrib very thick, straight;

'Cret. aud Tert. Fl., p. 228, PL XLVIII, fig. 2.
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secHiidaries at a very acute ano'le, ci'aspi^dodrome, alternate, lower pair

tliiiiuest, those iiljove niiicli thicker, branchini;- on the outside, ))raiiches at

ail acute angle, eraspedodronie; iuternie(liate secondaries several, generally

lost in the space between the secondaries; nerv-illes strong, at A-arions

angles, niainlv ])ercurrent; tiner nervation irregular.

No perfect example of this species has been found, the fragments

figured being all that we have to represent it. The specimen showing the

wedge-shaped base is only o cm. long, but was probably 10 or 12 cm. in

length when perfect. It is 4 cm. wide. The larger of the others is the

wedge-shaped apical portion, and is 6 cm. long, with the probability of its

having lieen at least 12 cm. long. The small specimen was probably

hardly more than 8 or 9 cm. in length Avlien perfect. The upper portion

appears to have more numerous secondaries than the lower part. They are

also branched on the outside.

Habitat: Yellowstone River, 1 mile below the mouth of Elk Creek;

collected by F. H. Knowlton, August, 1888.

CiNNAJIOMUM SPECTAJULE Hccr.

PI. XOIY, tig. <i.

Ciniiamonnoii .spevt,(hilc Hccr: Fl. Tert. Helv., Vol. H, p. Ill, PI. XCVI, figs. 1-8.

The leaf tiguretl, whicli ap[)ears to be the only one obtained, differs

slightly from the figures of the European form to which it is referred. The

lower pair of secondaries, for example, are nearer the liase of the leaf than

in the figures given liy Heer, but, granting the slight differences, I have

hesitated to make it a new species.

Habitat: Tower Creek, Yellowstone National Park; collected by

Arnold Hague (field No., 1036), August 16, 1883.

rLATAXA( E.E.

PlATANUS GUILLELJLE Gropp.

PI. XGVI, tig. 1; PI. XCVII, flg. 5.

This species is verv abundant, being represented b}- over 12.") more or

less perfect specimens. Some of these— as, for example, the one figured

—

are particularlv perfect. Tliey differ somewhat in size, the average lieing

about 7 or 8 cm. broad between the lobes and 8 or 9 cm. in length. Au

occasional one is 14 cm. broad and abont the same length.
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These leaves agree well with the usual descriptidii and hgures of this

species, es])ecially as given by Lesquereitx^ from Carbon, Wyoming.

Habitat: Fossil Forest Ridge, Yellowstone National I'ark, bed No. 1,

the lowest IkmI, rare: l)ed No. ii, rare: bed No. 6, the " Platanus l)ed,"

most abundant looalitv, over To specimens noted; l)ed No. 7, rare; collected

by Lester F. "Wai-d nnd F. H. Knowlton, August, 1887. East end of Fossil

Forest Mountain, middle bed, 775 feet above valley beloAv; specimens rare;

collected by Ward and Knowlton, August 13 and 22, 1887. Specimen Ridge,

0})posite Slough Creek, rare; collected by Ward and Knowlton, August,

1887. Hague's Yellowstone National Park collections (field No., 1!I60),

Fossil Forest section, very abitndant; collected b}' CI. M. Wright and Walter

H. Weed, September 20, 188;"). Hague's Yellovrstone National Park col-

lections (field No., 1217), Fossil Forest section, up})er stratum; collected by

Arnold Hague, September 24, 1884. Hague's Yellowstone National Park

collections (field No., 1219), rare; collected by Arnold Hague, September

24, 1884. South end of Crescent Hill, 6 feet l)elow "Platanus l>ed;"

collected l)y F. H. Knowlton, August 9, 1.S8S.

Platanus Montana n. sp.

PI. XCYI, ligs. 2, 3.

Leaves membranaceous, somewhat roughened, rounded-oblong in

shape, decurrent on the pL4iole, rounded al)ove or acuminate, possibly

slightlv 3-])ointed; margin sim})lv undulate tootlied ; nervation obscurely

palmate; petiole stout; niidril) thick, straight ; secondaries several (about

;")") ])airs, the lowest some distance above the base of the blade, emerging at

an angle of about 30^. ])assing nearly straight to the border and ending in a

small inai'ginal tootli, Vvith several branches on the outside approximately

at right angles to the midrib and ending in marginal teeth; second pair of

secondaries strong, arising at an angle of 4.")°, nuu-h arching upward ami

ending either in the margin or possibly in short lol)es, with several strong

forking branches on the outside, the terminations ending in the teeth ; other

sec(mdaries also occasionalh' forked on the outside; nervilles strong, occasion-

ally percurrent, but mainly forked or broken; finer nervation quadrangular.

This species is based on a numl)er of more or less fragmentary lea\es,

the best of which are figure<l. The most perfect specimen is 12 cm.

1 Tert. Fl., i>. 183, PI. XXV, figs. 1-3.
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lono- and alioiu In ciii. hroad. It was probably, when living, at least 15

cm. long'.

The marked feature of this leaf is that it is not strictly palmately

nerved, having, as pointed out in the diagnosis, the 2 lower pairs of

secondaries with branches on the outside which end in the marginal teeth.

Otherwise it is hardly to be distinguished from FIiiIkiui.s ruijnoUsn Newby.,

as iigured 1)}- Lesquereux' from the Denver l:)eds of Golden, Colorado.

This species was described by Xewberry- as having the margin doubly

serrate, liut a number of specimens referred to it by Lesquereux have the

margin Tindulate, dentate, or even entire. Newberry's type had 3 lobes or

points in the upper portion, while certain of Lesquereux's specimens were

rounded and entire above.

The smaller leaves from the lower Yellowstone descrilied by Professtn-

Ward under the name of Grcniojisis pcqutHforKi,'' especially tig. 4 of his jjlate,

approach the leaves under discussion. These, as he has already pointed

out, are suggestive of F. )rii)iiohlsii They can hardly Ijelong to Grewiopsis.

Whether the leaves from the Yellowstone National Park should be

reo-arded as new to science or referred to PJatuuns raijmldsU is an open

question. They agree closely enough in size, shape, and marginal dentition,

but differ in the nervation. It is possible that this character ma}" be of

sufficient importance to keep them distinct, and also to exclude them from

the genus Platanus, but for the present at least, and until better material

can be obtained, they may remain as above.

Habitat: East slope of high hill aljout three-fourtlis of a mile south

from Yanceys; collected by George M. Wright, September 4, 1885.

LEOIMINOSE.

Acacia macrosperma n. sp.

PL XC VI II, tig. S.

Leo-ume large, more than 8 cm. long and 2.2 cm. wide, broad linear,

possibly constricted, with obtuse, regularly rounded end; apparently sur-

rounded by a wing 5 nnn. broad; seeds numerous, large, oblong, 10 mm.

long, 6 mm. broad.

' Tert. Fl., PI. XXVI, tig. 4 ; PI. XXVII, figs. 1-3,

"- Later Ext. El., p. 69 ; 111. Cret. and Tert., PI. XVIII.

= Types of the Larainie Fl., p. 90. PI. XL, tigs. 3-5.
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This species iippears quite unlike any species before found in America,

l)ut is not g-reatlv unlike A wicrophijlla Heer from the Swiss Tertiary. The

latter species is not (piite as broad as ^-i. macrospcniKi, and has not the end

preserved. The seeds are aliont the same size in both.

Habitat: Fossil Forest Kido-e, bed No. 7, "Castanea bed;" collected

by Ward and Knowlton, Au<inst IG-'iO, 18S7.

Acacia la.marensis n. sp.

PI. XGVIII, tig-. C.

Leo-ume linear, liroad, more than 7 cm. lon^-, and 1.7 cm. broad: end

pointed; apparently with maryinal wing 2 or 3 mm. wide; seeds oval, 10

mm. long, 8 nun. wide.

This may possibly be the same as A. macrospcrma, h\\\ it appears to

differ essentialh' in being narrower and in having an acuminate instead of

an obtuse termination. The apparent wing and the seeds are much the

same in both.

Habitat: Lamar River, between Cache and (Jalfee creeks; collected by

Knowlton and Culver, August 21, 188s.

Acacia wardii n. sp.

PI. XCVIIl, tig. 7.

Legume narrow, linear, constricted, (i cm. long, mm. wide in the

broadest portion and 5 mm. wide at the constricteil point: point of attach-

ment reduced to a slight extension, opposite extremit}' with a decided curved

beak; seeds apparently })resent, but obscure.

This species differs markedly from the others just described, and also, so

far as I know, from any heretofore found.

Habitat: Fossil Forest Eidge, bed No. 4, "Aralia bed;" collected by

Ward and Knowlton, August l(;-20, 18S7.

Leguminosites lesquereuxiana Kn.

PI. LXXXIX, tig. 4.

Lenuminosites lenqiiercii.vidiia Kn. : Bull. IT. S. Geol. Surv. No. l.VJ, 131, 1898.

Leguminosites cassioidcx Lx.: Tert. FL, p. 300, PI. LIX, tigs. 1-4.

Habitat: Northeast side of Crescent Hill o^iposite small pond; col-

lected liy F. H. Knowlton and CI. E. Culver, August 2, 1888.
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LeGUMINOSITES LAMAREXSIS U. 8}).

PI. LXXXIX, figs. 5, 0.

Leaflets tliin, olilong-lanceolate, rouuded-ti-uncate at base, long- acumi-

nate at apex; midrib stnniy, perfectly straig'ht; secondaine.s about li pairs,

alternate, at an angle of 45°, slightly curving u])\vard; remiiinder of nerva-

tion not retained.

This little leaflet is 6 cm. in length and 17 mm. in width. It is very

regularly rounded, almost truncate at base, and apparently regularly nar-

rowed above into an acuminate apex. The petiole, if there was one, is not

preserved. The secondaries are alternate and campto<li-()me, and about

8 or 9 pairs.

The nearest related species is Leguimnositcs le.squerriixiana,'- from the

Green River beds of Green River, Wyoming, and also Spring Canyon,

Montana. This differs in being larger, broader, and more oblong-ovate

than the one under discussion. The relationship is evidently close, and

perhaps more material would show closer affinity than I hnve recognized.

This species also resembles some of the species of Leguminosites from

the Tertiary of Switzerland, as, for example, L. proserpiuce Heer.^ There

can be no question as to the correctness of the reference to this genus.

Habitat: East bank of Lamar River, between Cache and Calfee creeks;

collected by F. H. Knowlton, August, 1888.

ANACARDIACE.E.

Rhus mixta? Lx.

Rhus mixta Lx.: Mem. Mus. Comp. Zool., Vol. VI, No. 2, p. 30, PI. IX, fig. 13.

A single small and somewhat fragmentary specimen. It resembles the

smaller of the two specimens figured by Lesquereux.

Habitat: East bank of Lamar River, bet\\een Cache and Calfee creeks;

collected by F. H. Knowlton, August 21, 1888.

iTert. Fl., p. 300, PI. LIX, figs. 1-4.

»F1. Tert. Helv., Vol. Ill, PI. CXXXVIII, tigs. 50-55.
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CELASTRAC E>E.

Celastrus culveri n. sp.

PI. XOVII, flo. 4.

Leaves menibrauaeeous, ovate-lanceolate, apparently rather abrupt]}'

rounded at the base, but g-radually narrowed above to an obtusely acuminate

apex; marg-in Avitli ratlier remote, small, sharp, outward-pointhig- teeth;

midrib thick l)elow, nuu'h thinner above; secondaries about 10 |)airs, alter-

nate at an angle of 35^ or more, much curved upward, camptodrome

very near the margin, with l)i-anches outside entering the small, weak teeth;

intermediate secondaries occasional, thin, disappearing before reaching half

the distance to the margin; nervilles percurrent; finer nervation obscure.

This species is represented by 2 well-preserved leaves, both, unfor-

tunately, re})resenting the n})per portion only. The longest specimen is

f() cm. in length, wliich is ])rol)al>lv nothir from its original full length. It

is a little over 5 cm. broad at a point which seems to be some distance

below the middle. Judging from the contour near the base, it seems prob-

able that it was either truncate or, possibh', heart-shaped at base. The

teeth of the margin are peculiar, being scattered, small, sharp, and outward

pointing.

This species appears to hud its nearest relative in some described from

the Fort Union group ah»ng the lower Yellowstone. Thus it resembles

Celastrus curvinerris Ward' in .shape and nervation, but ditfers considerably

in size and wholl\- in the teeth. Cehtstnts ovatus Ward" has somewhat the

same shape, l)ut differs considerably in nervation and in the teeth. Several

of the other species described l)y Professor Ward' also resendde this in

one or more particulars, but none closely enough for specific identity.

I take pleasure in naming this fine species in honor of Prof G. E.

Culver, who assisted in collecting at this place.

Habitat: Yellowstone River, one-half mile below the mouth of Elk

Creek, top of bluff'; collected by F. H. Knowlton and G. E. Culver,

August, 1888.

I Types of the Laramie Fl., p. 82, PI. XXXVI, figs. 3, 4.

= Op..cit., p. 81, PI. XXX VI, tig. 1.

Mlp, oit.. PI. XXXV.
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Celastkus in.equali.s n. sp.

PI. XCVIII, fig. 3.

Leaf of firm texture, elliptical-obovate in (Wtliiie, strnno-ly unequal-

sided, rounded, obtuse above, and narrowed below into an apparently

winded petiole; niarg'in strono-ly sinuate-dentate from above the lower

third or half of the Idade; midril) thin, approximately straight; secondaries

10 or 12 pairs, lower pairs o[)posite, others alternate, two lower pairs,

and about 6 secondaries on tlie larger side of the l)lade at right angles to

the midrib, those on narrow side of blade and in upi)er portion of other

side from right angle to 45° or more, all camptodrome, arching upward

abruptly near the margin and apparently joining, sending liranches from

the outside to the teeth and other parts of the margin; nervilles and finer

nervation obsolete.

This species, as exemplified by the s})ecimen figured, is very peculiar.

It is 7 cm. long ami a little more than 4..") cm. wide. It is abruptly obtuse

at apex and appears to be expanded at base into a winged petiole.

The margin in the lower portion is quite entire, while above it is

strongly sinuate-toothed. The nervation is markedly peculiar. The lower

secondaries are at right angles with the midrib, as are several more on the

broader margin, while those on the narrow side of the blade all arise at

a less angle and curve abruptly near the margin. Those in the extreme

ti[i of the blade curve very nuich after the manner of Cornus. All send

branches from the outside to the teeth. The finer nervation is not

preserved.

This species is wholly milike any with which I am familiar. It

possesses the character described by Professor Ward^ as especially

characteristic of the American fossil forms of this genus, namely, the

arcliing of the secondary nerves near the extremities, with short subsidiary

nerves to the marginal teeth. Its uuequal-sidedness, winged petiole,

and sinuate teeth above the middle of the blade seem to still further

characterize it.

Habitat: Yellowstone River, one-half mile below the mouth of Elk

Creek, base of blufi"; collected by F. H. Knowlton, August, 1888.

' Types of the Laramie Fl., p. 78.
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CeLASTKUS ELLIPTICU8 11. sp.

PI. XCVII, tig. 3.

Leaf of firm texture, nearly reiiularly elliptieal in ontline, aliriiptly

rounded above to an obtuse apex and Ijelow to an abnost truneatelv rounded

ba.se which is sbglitly decurrent along- a short petiole; margin irregularly

sinuate-toothed from a short distance above the base; midrilj rather thick,

passing straight to tlie apex; secondaries about 15 ])airs, alternate or sub-

opposite, at an even angle of about 35°, straight; distal termination of

secondaries unknown; nervilles and finer nervation olisolete.

This perfect leaf is 7 cm. long and 4.,5 cm. broad. It is very slightly

unequal-sided, the difii'erence being, however, hardlv 3 mm. It is very regu-

larly elliptical, with a sinuate dentate margin, which begins about one-fourth

the length of the leaf from tlie base, the lower portion being entire. The

ner\ation is very regular, consisting of about 1.") ])airs of secondaries, which

emerge at an angle of aliout 35° and run straight toward the margin, but

the manner of the termination at the margin can not be made out, from

lack of preservation. It is probable that they arch abruptly near the

margin and send secondary nervilles to the teeth. None of the nervilles or

iincr nervation can be made out.

It is possil)le that this species is closely related to C. mceqnaJis, just

descriljed, as they come from the same beds, but it seems hardlv proliable.

This latter species, as already pointed out, is very unequal-sided, with large

sinuate teeth, and peculiar arrangement of secondaries. C. elUpt'ivus, on the

other hand, is almost regular in shape, has twice as many and smaller

sinuate teeth, ami regular secondaries.

This species does not approach closely to any described species of

Celastrus with vdiich I am familiar.

Habitat: Yellowstone River, one-half mile below the mouth of Elk

Creek, at base of blufi'; collected by F. H. Kuowlton, August, 1888.

El.eodendron polymorphuji Ward.

PL XCVII, tig. 1.

Elirodeiidron poh/inorplnun Ward: Types of tlie Laramie FL, p. 84, PI. XXXVIII,
tigs. 1-7.

The fine specimen figured is referred witli some doubt to this species.

It has much the same shape, serration, and tvpe of uer\ation as E. i^ohj-
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morphian, l)ut differs in being nuidi larger and in luiving more numerous

and closer secondaries. It is midoubtedly close to this species, and rather

than make it a new species I have referred it to this.

Haliitat: Yance\' Fossil Forest, near the standing trunks; collected

by F. H. Knowlton, August, 1888.

ACERACE.E.

ACEK VIVARIUM n. Sp.

PI. XCVIII, tig. 4.

Leaf membranaceous, palmately o-lolied, narrowed below to a wedge-

shaped base, sinuses rounded, middle lobe lanceolate-acuminate, as long-

or longer than the body of the blade below the sinuses; lateral lobes

at an acute angle (points not preserved): margins remotely toothed with

small, sharp, upward-pointing teeth; midrilj, or central rib, strong, straight,

slightly stronger than the lateral ribs, which arise from the midrib just

above the base of the lilade at an angle of al)out 70 ~ and ^tass up straight

to the points of the lateral lobes or cur\e slightl}' outward; lateral ribs

with several pairs of secondary branches, those on the outside beginning

just above the base of the blade and passing straight or with a slight

upward curve to or entering the teeth; secondaries on the u^Jper or inside,

beginning- below the sinus, which the lowest one enters, the others probably

entering the teeth: middle lolje with al)oat 6 pairs of alternate second-

aries arising at an angle of 70° or 75°, and passing up nearly straight, to

end in the teeth or fork just below the teeth, one branch entering and the

other going upward near the margin to the one above; ner-sdlles numerous,

mainly percurrent; finer nervation beautifulh" pi-eserved, forming quad-

rangular areolae.

The example figured is tlie only one observed of this species. It is

about 10 cm. long and (i cm. broad. The central lobe is aljcmt f) cm. long

and a little more than 2 cm. wide. The lateral lobes appear to have been

about 2 cm. wide and of an luiknown length.

This leaf belongs to the Acer trilobatum group, so many forms of which

were described by Heer from the Swiss Tertiary. In shape it is most like A.

trilobatum prodiictuiii ,^ but differs in having only very small, sharp teeth. It is

' Fl. Teit., Helv., yol. Ill, PI. CXV, figs. 6-12.
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also somewhat like A. trilubatnui trknspkhdain Hear, as figm-ed by Professor

Ward from the Fort Union ^ group, differing- in being much more wedge-

shaped at base, and in the angle of the lateral ribs and secondaries.

Habitat: Fossil Forest Ridge, bed No. 3, "Magnolia bed;" collected

bv Ward and Knowlton, August, 1S87.

Acer, fruit of.

PI. XGVIII, tig. 5.

The collection contains several of these fruits, the best of which is

tignred. While they are very definite and clearly belong to Acer, they are

u( )t usually regarded as being sufficiently distinctive for specific reference.

A number have been figured and named also, lint I have preferred not to

name these. They may possibly belong to the preceding species, but of

this there is no proof

Habitat: Crescent Hill above Yancey s; collected by W. H. Weed,

September 28, 1885.

SAPINDACEiF-

Sapindus affinis Newl^y.

PI. CII, tigs. 1-3.

Sapindus affiuis Newby. : Later Extiuct Floras, p. ."il ; 111. Cret. and Tert. PL, PI. XXV,
fig. 1-

The material upon which this determination is based is ample, as it

consists of fully 100 si)ecimens, all more or less well preserved. These

specimens differ so much in size that it Avas at first thought that at least 2

species must be represented, but after a careful study it has been found

impossible to draw any satisfactory line between them. There are all

gradations of size from the little slender leaflets, hardl}- 4 cm. long, to the

large ones, fully 10 cm. long.

In the only published figures of this species by Newberry the nerva-

tion is not shown, lint the National Museum contains the original New-

berry material, and on studying this it is found that the nervation agrees

perfectly with the specimens froni the Yellowstone National Park. It may

• Types of tlie Laramie Fl., PI. XXIX, fig. 3.
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alsd l)e notc'.l that Newberry's material docs not show the leaflets as peti-
oleil, but ill the description of ,S'. affink he says, "leaflets * * *

sessile
or short-petioled." 3Iany of the detached leaflets in his material, named in
his handwritnig, are distinctly short-petioled, in which particular the Park
specimens agree. Some have, it is true, very short petioles, yet all seem
to have them.

In only two cases have leaflets been found in this collection attached
to the racliis, and these have lioth lieen flgnred.

Habitat: Yellowstone River, one-half mile lielow the mouth of Elk
Creek- found throughout the section, and most alnmdant at the Ijottom;
collected by F. H. Knowlton, August, 1888.

? Sapindus alatus Ward.

SiipindH.s alatK.s Ward: Types (if the Laramie FL, p. 08, PL XXXI, figs. 3, 4.

This specimen is the only one that I venture to refer to this species.
It was f.)und in the same beds with the abundant -S-. affinis Newby., and
possibly may he an abnormal or unusual leaflet of that species. It is, how-
ever, more regular, and has the thick or winged petiole of <S'. alatus.

Hal)itat: Yellowstone River, one-half mile below the mouth of Elk
Creek, Yellowstone National Park; top of bluft', 3()() feet above the river;

collected by F. H. Knowlton, Aui^ust, 1888.

Sapindus GRANoiFOLioLrs Ward.

PI. XCIX, tigs. 1, 2; PL on, flg. 4.

Sa2nndus grandifoUolm Ward: Types of tlie Laramie PL, p. (J7, PI XXX tigs 3-5-
PL XXXI, figs. 1-2.

^, .. ,

Several small doubtful leaves are referred to tliis si)ecies. One in

particular has some resemblance to leaves of Jiif/hat.v ni(/osa Lx., Init seems
to be closer to the Sapindus gmndifoUolus of Ward.

Habitat: Fossil Forest Ridge, bed No. (5, "Platanus bed;" collected

by Ward and Knowlton, August, 1887. Also found on the south side of
Stinkingwater Valley, on a high blutf east of incmth of Crag Creek, col-

lected by F, P. King for Arnold Hague, September 4, 1897.
MON XXXII, PT II 47
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SAriNDUS GRANDIFOLIOLdlDES 11. sp.

PI. C, flg. 2.

Leaflets large, of firm texture, ovate-lanceolate, unequal-sided, rounded

at base to a well-inarked winged petiole, apex acute, slightly falcate;

midrib of moderate strength, straight; secondaries aliout 7 or 8 pairs,

strongh- alternate, emerging at a low angle and soon curving up and

passing along near the border; the secondaries on the narrower side of

the leaflet emerge at a greater angle (30'= to 45°) than on the opposite

side: finer nervation not preserved.

Tlie specimen figured is absolutely perfect so far as outline and

principal nervation go. It is just 10 cm. limg and 3.7 cm. wide in the

l)roadest portion, which is a little Ijelow the middle. The margin is

slio-htlv undulate, almost toothed in one iiart.

This species so closely resembles Saplndus (jyimd'ifoJiolus Ward' from the

Fort Union iii-ouj), that I liave named it grandifoliohkles. It difters, liowever,

from the latter in being more markedly insequilateral and in liaving a

Avinged petiole. It also lias fewer secondaries than S. (jrand'ifoliolus.

This species is also related to S. ohtiisifoUus Lx.,' found in the Fort

Union group. From this it difters in having half the number of second-

aries and a winged petiole, otherwise being much the .same.

Professor Ward's S. <datus'^ from the same jjlace as <S'. f/randifoliolits has

a wino-ed petiole, but difters in Ijeing much smaller and in having a liroken,

loose nervation. It is ])o.ssible, however, that if more material could ha

obtained it could be referred to one or the other of these evidently related

forms.

Habitat: Northeast side of hill above Lost Creek, bed No. 1, collected

by F. H. Knowlton, August 8, 1888.

8aPIN1)US WARDII 11. sp.

PI. XOVIII, tigs. 1. -J; PI. XCIX, tig-. .-,.

Leaflet coriaceous, liroadly lanceolate, rounded wedge-shaped at base,

with long acuminate falcate apex; margin perfectly entire: midrib thick,

' Types of tbe Laramie Fl., p. G7, PI. XXX, 1a«;a. 3-5 (1887).

^Cret. and Tert. Fl., p. 23.->, Pi. XLVIII, figs. 5-7 (1883).

sOp. cit., p. 68, PI. XXXI. tig. 3, 4 (1887).
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passin-tlin.uoli tli<- nii.l.U*. „f tli,- l.la.h-: ser.Midaric-s about ,S pairs, alter-
nate, strong-ly caniptoan.ine, fV.rniinj.- bread loops at a marked distance
troni the niarg-in, occasionally with a series of smaller loops ..utside; inter-
mediate secondaries occasional; nervilles fexx-, percurrent; finer nervation
forming- large quadrangular meshes.

The specimens figured are the only ones observed of this species. The
best preserved is a little over 10 cm. in length and 4 cm. broad. It is

marked by the long-, slender, and falcate apex, and the peculiar looped
secondaries, which are joined far inside the margin. One side of fixe basal
portion of the leaflet is missing, but from the .lirection of the secondaries
it is probable that it was somewhat unequal-sided.

Fig-. 1, 1>1. XC'VIII, which lacks both base and apex, nrast liave been
ai least 13 cm. in length, and was probably long-er. The other (fig. 2, PL
XCATII) was alx.ut the size of the best-preserved example.

These leaflets very closely resemble Fraxinus affims Newl)y,ifrom
Bridge Creek, Oregon. This has the same type of nerNation, but* is nuu-h
smaller, very .slightly unequal-sided, an.l with more numer<ms and more
reguhu- looped secondaries. The finer nervation is identical in each.

There is some doubt as to the correctness of the reference of New-
berry's leaf to the genus Fraxinus. This nuicli resembles the genus
Sapmdus and may possil)ly belong to it. Sapindm fframUfonoius Ward''
from the Fort Union group, for example, has nuich resemblance in general
character to these leaves. It would seem that they should all l)e^in the
same genus. However, the leaflet under consideration is undoubtedly
closely allied to what Ward has called Sapindus, and for the present thev
may remain there.

I have named this characteristic sjiecies in houoi- of Prof Lester F.
Ward, who was present when it was collected.

Habitat: Fossil Forest Ridge, bed No. 5; collected bv Lester F ^Vard
and F. H. Knowlton, August 16-19, 1887. Yellowstone River, one-half
mile below mouth of Elk Creek; collected bv F. H. Knowlton Au-ast
1888. ' '^

'

' U. S. Nat. Mus., Vol. V, 1882. ].. .510: Plates (iued). PI. XLIX. fig. 3.
-Types of tbe Laramie Fl., p. ii7. PI. XXX, figs. 4, 5.
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KHAMNACE.E.

Rhamnus rectinervis Heer.

BJianmus rectinerris Heer: Fl. Tert. Helv., VoL III, p. SO, PI. OXXY, figs. 2, 0. Les-

quereux: Tert. Fl., p. 279, PI. LII, figs. 12-15.

Tliis 8i)ecies ^Yas first detected in the Park by Lesquereux,' and the

present collection contains a number of specimens that may be similarly

referreil. They are all entire, in which respect they resemble fig. 14 of

Lesqiiereux's plate (loc. cit.).

Habitat: Fossil Foi'est Ridge, bed No. 3, ":\Iagnolia bed;" bed No. 7,

"Castanea bed;" collected by Ward and Knowlton, August, 1887.

Paliurus colombi Heer.

PI. CI, fig. 7.

raliiinis colombi Heer. Lesquereux: Tert. Fl., p. 273, PI. L, figs. 1:3-17 (1878).

The little specimen figured ajjpeai's to lie tlie only one obtained in the

area under discussion. It is of the same size and shape as many of the

figures of this species, but seems to differ slightly in having 2 strong sec-

ondaries on one side of the nndrib. It, howe^'er, approaches certain of the

figures given by Heer'- of arctic examples of this species.

Habitat: Head of Tower Creek; collected by W. II. Weed, Septem-

ber 25, 18S.5.

ZiZYPHUs SERRULATA Ward.

PI. (JI, figs. 4, 5.

Zizijphm scrndiiia \Y;ud: Types of tlie Laramie Fl., p. 73, PI. XXXIII, figs. 3, 4

(1887).

The two figured examples agree very closely with the figures given by

Professor Ward. The}' l)oth have teeth well marked, and t)ms agree with

fig. 4 (loc. cit.). They are not quite so well preserved as the types, and do

not show the finer nervation, l)ut there can be no doubt as to their identity.

Habitat: Yellowstone River, one-half mile below the mouth of Elk

Creek, top of bluft'; collected by F. H. Knowlton, August, 1888.

' Haydeu's Ami. Rept., 1878, Pt. II, p. 49.

' Fl. Fos8 Arct., Vol. I, Fl. XIX, tig. 3.
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VITACEiE.

CiSSUS HAGUEI n. 8p.

PI. CL ti.n- 2.

Leaf membranaceous, (]uadraiignlar-()\ate, truncnte or possibly slightly

heart-shaped at base and acuminate at apex, lateral lobes short, obtuse;

mai-gin toothed, the teeth low, obtuse or somewhat acute; nervation

palmate, midrib thin, i)erfectly straight, lateral ribs of same strength as

midril), arising at an antj-le of 45°, i)assini>- directly to and terminatino-

in the obtuse lateral lobes: ribs with 4 or ."") branches on the outside,

which terminate in marg-inal teeth; secondaries about 4 })airs, alternate,

at same ang-le as the ribs and terminating in the teeth; nervilles thin,

sparse, percnrrent or often broken.

This fine leaf is 8..'') cm. long, 5.2 cm. Ijroad Ijetween the lobes and 6.5

cm. broad in the widest })art, Avliich is only a short distance above the base.

In outline it is what may l)e called quadrangular-ovate—that is, between

ovate and square. It is palmateh' S-riblied, the lateral ribs being at an

angle of alxuit 45° and of the same strength as the midrib. They ])as.s

straight to and terminate in the short lateral lobes, and have 4 or 5 out-

side branches which also terminate in tlie marginal teeth.

The relation of this species is undoubtedly with Cissus pdrroticpfolm

Lx.,' from the (xreen River group. This Litter species difters in being

relatively longer, ^^'ithout especially marked lateral lobes, with larger-, more

obtu.se teeth, and unforked outer branches of the lateral ribs. There are

also more secondaries in the upper part of the leaf These, however, are

but slight difi'erences, and are possibly only such as might be expected in

individual variation. But as only one example has ))een found in the

Yellowstone National Park, there is no means (if knowing what maybe
allowed for individual variation, so I have preferred to keep them sejiarate.

I take ideasure in namino- this species in honor of I\Ir. Ai-nold Ha<>'ue,

who collected it.

Habitat: Fossil Forest Ridge, middle stratum; collected by Arnold

Hague, September 24, 1884.

'Tert. Fl., ji. 239, PI. XLII, fig. 1.
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STERCULIACE.!:.

Pterospermites hauuei n. sp.

PI. XCIX. tio. 4.

Leaf t)t' tiriii textuiv, lir(>aill\' oIjIohj;- in outline, slightly inaMjuilateral,

truncate at l)a.se, obtusely pointeil at apex; marg-in, except at base, irregu-

lai-ly serrate, the teeth small, sharp, ujiwanl pointing; midrib strong,

flexuose; secondaries 6 pairs, alternate, at an angle of about 45^, flexuose,

craspedodrome, or subcamptodrome, with liranclies outside entering the

teeth; lower pair of secondaries forming a series of broad loops; nervilles

strt)ng, mainly broken; liner nervation not preserved.

The figured specimen of this species is 11 cm. hmg and nearly 7 cm.

broad. As stated, it is (piite regularly bron(l-ol)long in shape, with sparsely

toothed margins except near the base. 'Hie lower ])air of secondaries form

a series of Ijroad loops, while the upper ones are maiidy cras])edodrome.

This species is evideutlv ipiite closely relateil to P. minor Ward^ from

the Fort Uuicm grouj) near the mouth of the Yellowstone. Fig. 2 (loc. cit.)

is especially like this species, Imt differs in l)eing liardh' half the size and.

in being markedly heart-shaped at the base. It perhaps should be referred

to this species except for the fact that the other 2 leaves included by

Professor Ward are so very different that they can hardly be allied to the

one under discussion.

Habitat: Fossil Forest Kidge; collect(*(l Ijy Arnold Hague (No. 1211)).

CREDNERIACE.E.

Credneria! pachvphvlla n. sp.

PL GI, ti--. (J.

Leaf larue, thick, round-ovate, ronudcil and truncate or very slightly

heart-shaped at base, abruptly acuminate at apex; margin apparently

coarsely sinuate-toothed; petiole long (4.") cm.), thick (4 mm.); midrib

thick, passing to the apex; secondaries 6 or 7 pairs, the 3 lower pairs (of

which the very lowest is slender and near the margin; opposite and arising

from almost the same point at the base of the blade, others alternate, all

'Types of tbe Laramie ¥[., p. ifi, PI. XLII, tig-. 1-;?.
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seemingly craspedodrome, occasionally brandling- near tlie maro-in; finer

nervation not preserve<l.

The specimen fioured is the only one that has lieen found. It is 14

cm. long without the petiole, which is 4.5 cm. in length. Botli sides of tlie

leaf are destroyed, but it was probabl}- aliout 10 cm. Avide.

Habitat
: Yellowstone River, one-half mile below mouth of Elk Creek,

bluff about 40 feet ahnve the river: collected ])j F. H. Knowlton, August
27, 1888.

TILlXiEJE.

TlLIA I-OPTLIFOLIA Lx.

liliit popiilifolia Lx.: Cret. and Tert. Fl., p. 179, PL XXXIV. tig.s. S, n.

A single large, fairly well preserved .specimen is all that has lieen

found of this species It is referred with \-ery little doubt to Lesquereux's

species, which was before known only from Florissant, Colorado. It is a

little less heart-.shaped at base than fig. 8 (loc. cit.) of Lesquereux's plate,

but in the discns.sion of this species Lescpiereux describes it as "round or

subcordate at base." The teeth are of ijrecisely the same character, beino-

only slightly smaller. Tlie thick petiole and fine palmate nervation are

identical, as is the other secondary nervation.

Habitat: Yellowstone River, one-half mile below the moutli of Elk
Creek, top of l)luff: collected by F. H. Knowlton, August --'7, 1888.

CtREWIOPSIS ? ALDERSOXI 11. sp.

Leaves of firm texture, broadly ol^ovate, truncate or sliglith- heart-

shaped at base, olitusely acuminate above; margin entire at base, slightly

undulate-toothed above; midrib thick, straight; nervation pinnate; second-

aries about 6 pairs, alternate, at an angle of 4;")°, camptodrome; lowest

pair subopposite, arising some distance above the base of the blade, with

3 or 4 tertiary branches from the outside which are camptodrome and

arch well inside the margin; upper secondaries occasionall}- forked near

the margin; nervilles strong, percurrent.

I refer several .specimens to this somewhat dou1)tful species. Neither

of them are perfect, but as far as can be made out the average length

appears to have been about 9 cm. and the width about 6 em.

It is doubtful if these leaves Ijelong to the genus Grewiopsis, but at
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present I am unable to suggest a closer atlinity. They have the same size,

shape, and approximately the same nervation as G. pJatanifoVta Ward,-' from

the Fort Union group, differing, however, in not having a toothed margin.

Professor Ward writes that the specimen upon which liis species was

founded is quite obscure, and it is possible that they may really l)e nearer

alike than ajjpears from the drawings. Additional material is needed to

fix their status.

I have ventured to call this a new species, and liave named it in honor

of Mr. E. C. Alderson, wlio accompanied the expedition on which it was

obtained and assisted in making the collections.

Habitat: Specimen Kidge, opposite mouth of Slough Creek and near

head of Crystal Ci'eek; collected by Ward and Knowlton, August, 1887.

ARALIA(EiE.

Arali.v wkightii u. sp.

PI. 01, tio. 1.

Leaf firm, coriaceous, narrow in general outline, palmately 3 (possi

bly 5) lobed; central lobe largest, long, ovate-lanceolate, slender-pointed;

lateral lobes slender-lanceolate, half the length of the central lobe; all

margins perfectly entire ; basal portion of leaf unknown: in-imar}- nervation

palmate; middle lobe ^\ith a pair of opposite nerves nearl}- at right angles

to the midrib, which pass to the sinus, those above with about 10 jjairs of

alternate camptodrome secondaries, which are much curved u])ward and

arched along near the margin; intermediate secondaries occasional; lateral

lobes with a strong midrib and about 8 pairs of alternate or subopposite

nmch-arched camptodrome secondaries; finer nervation consisting of very

fine quadrangular arcolatiun.

Tliis verj' peculiar species is unfortunately represented by only the

fragmentarv leaf figured. Tlie basal ])ortion is entirely destroyed and

it is therefore impossible to determine whether there were 5 or only 3

lobes. There is some evidence in favor of its having Ijeen r)-lobed. The

sinuses separating the lobes are somewliat rounded. The central l()lie is

\evx nmcli the larger. From the sinus it has (i cm. preserved and nmst

have been 8 cm. or more in length wdien entire. In the broadest part,

'Types of the Larainie FL, ]). S9, I'l. XL, fis. 1.
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which is about one-fourth of it.s length t'roni the sinus, it is 2.5 cm. liroad.

The hiteral loUes are al)()ut 3.5 cm. hnig, not enhvrged upward. At Ijase

they are 1 cm. hroad, from which point they taper o-radually to a slender

acuminate ape.x. The nervation has been described in the diagnosis, and

niav also be clearU' made oiit from the excellent figure.

It is hardh' possilile tn compare this s})ecies with descril)ed forms, from

the fact that it is so fragmentar\' tliat the perfect form can not l)e made

out. The characters of the larger middle lol)e ami the \er>' much smaller

lateral lobes seem to be so marked that it is strongly sejjarated from an}'

described species. Aralhi aiii/ustUohu lux.,' from the Chalk Blufts of Cali-

fornia, perhaps is closest to this species, yet it differs markedly. It will be

necessary to wait for additional material before its exact character can be

made out.

I have named this species in honor of Mr. George M. Wright, one of

the collectors of this and man}- other valuable specimens in the Yellowstone

National Park.

Habitat: Fossil Forest (No. 22c of section); collected by Wright and

Weed, September 2U, l.S,S5.

Aralia notata Lx.

PI. C, tig-. 1.

Aralin iwtata Lx.: Tert. FL, p. 237, PI. XXXIX, flgs. L'-4. Ward: Types of the

Laramie Fl., p. CO, PL XXVII. fig. L
I'latunm diihia Lx. : Ilaydeii's Ann. Kept. 1873 (1S74), p. 4(10.

The collections contain al)out 50 specimens that evidently belong to

this species. None of tliem are absolutely perfect, yet the general character

can be made out. They come from three localities, one of which, the

Yellowstone below Elk Creek, was given as a t}pe locality by Lesquereux.'

There appears to have been a tendency among later writers to regard

this as the same as Newberry's Platanus nobilis^ from the Fort Union group,

which indeed it much resem]:»les. They were both very large species, not

often preserved entire, but they seem to differ essentially. On this point

Lesquereux says: "This species (^A. uotaia) seems very closely allied to

' Mem. Mus. Comp. Zool., Vol. VI, No. 2, PI. V, tigs. 4, 5.

-Tert. Fl., p. 237.

'Later Extinct Flor:i. p. G7.
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I'httdinis iioh'ilis Xewljy.; 1 should imt hesitate to ((iiisi(h'i' it as i(h'iitit'al, l)ut

tor tlie character of the lateral nerves, which are ilescril)ed bv the author as

straifjht, aud termiuating in the teeth of the margin. In this species the

borders are entire and the lateral nerves camptodrome. The difference mav

be merely casual, for one of the specimens from Troublesome Creek has

the close secondary veins cjunptodrome along the borders of the inner side

of the loljes, while on the outer side the borders are obscurely cut by a

few small teeth, into which the veins enter as craspedodrome. Other speci-

mens, thus of p]lk and Yellow creeks,^ have the characters of 1'. nohil/s."

It would thus appear that Lesquereux himself in(diiied to regard the

Park specimens as being referable to PJataiins nobilis, but in the oO or more

specimens that I have studied frf»m this })lace I have not found one showing

the teeth and craspedodrome nervation of I'. iiohiVix. Tliev all have the

distinctlv camptodrome nerves, as shown in Les(jUereux's tigures. I have

therefore decided to keep them under Aralia.

The further (pu^stion of the correctness of this generic reference, or

rather of the relation of {[na Aralia notata to the genus Platanus, will not

now l)e taken up. Janko has said" that Pkitanas nohiJis "non est Platanus,"

wdiile on the other hand Professor Ward has suggested'' that several of the

so-called species of Aralia uiav have to be tmited into a group, under the

name of Protoplatanus, representing tiie ancestors of Plataiuis. A small

specimen of this species, obtained 1)v Prof. J. 1'. Iddings from a gulch north-

east of the peak west of Dunraven, is exceptionally well preserved, at least

as regards the finer nervation. This is very regularly s(piare, bemg only

about 0.25 mm. in size. The leaf appears to have been rather thick, possibly

coriaceous.

No other specimen that I have seen has this finer nervation so well

preserved.

Habitat: Fossil Forest Ridge, Yellow^stone National Park, bed No.

7, "Castanea bed", about 25 specimens; collected by Lester F. Ward
and F. II. Knowlton, August 1(1-20, 1887. Southeast end of hill aliove

(north) Lost Creek, bed No. 4, 2 leaves; collected by F. H. Knowlton,

Ang'ust 8, 1888. Yellowstone River, one-half mih^ ])elow mouth of Elk

' Probably Elk Creek on Yello-n-stone River. F. H. K.

-Abstamrauug d. Pliitauen, Englers bot. .labrb., Vol. XI, 1889, p. 456.

•Typi'S nf till' Lnraniie Fl., p. 63.
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Creek, top of bluff; collcctrcl by F. H Kiiowhon, Au<i-ust 27, 1888. Aude-

sitic breccia, near gulch northwest of peak west of I)uiira\en: collected by

J. P. Iddings, Septemlier 12, 1883. Also found on Overlook Mountam, in

breccia, at an altitude of 10,070 feet; collected l)v Arnold Hagiie, August

G, 1897. Southern spur of Chaos Mountain, at an altitude of 10,100 feet;

collected by Arnold Hague, xVugust 11, 1897. Soutli side of Stinkingwater

Valley, on high bluff east of mouth of Crag Creek; collected by Arnold

Hague, September 4, 1SII7.

ArALIA SERRLiLATA n. S}).

PI. CI, fig. :5.

Leaf apparenth" sul)coriaceous, palmately o-lobed, middle lobe longest,

ovate, obtuse; lateral lol)es short, pointing upward; lionlers sharply serru-

late, with small, sharp, upward-pointing teeth; secondaries numerous, close,

alternate, at an angle of 25° to 40°, curving upward and entering the teeth,

or sometimes camptodrome with outside branches to the teeth, usualh* 1

tooth between the 2 entered by two contiguous secondaries, which is sup-

plied with a branch from the middle of a percurrent nerville, which crosses

just l)elow it; nervilles numerous, mainly percurrent and approximately at

right angles to the secondaries; finer nervation quadrangulai-.

This tine and apjiarently characteristic species depends upon the single

example figured. It lacks the entire lower portion of the leaf, but 2 lobes

are entirely preserved, and a large portion of the other. The central lolie

is 4.;") cm. long to the sinus, and the lateral one about 1 cm. higher than the

sinus. The distance between the lateral lol)es is 8.5 cm.

This species has exactly the same size ami shape as many of the

3-lobed specimens of Anilid )iot(it(i. Lx.,' found in the same lieds.

The main difference is in the sharply serrate margins, the teeth extend-

ing even down to and through the sinus, and in the secondaries or branches

from them entering the teeth. Occasionally, as indicated under the diag-

nosis, some of the secondaries are camptodrome, as all are in A. i/otata, with

outside liranches passing to the teeth. These species are evidently closely

related and may possibly be the same, although probably not, for in 100

specimens of A. iiotata not one was found that possessed these teeth.

As pointed out under the discussion of Aralia mtata (see ante, p. 745),

'Cf. Lesqiiereux, Tert. Ft, PI. XXXIX, figs. 2, 3. Ward: Types of Laramie II., V\. XXVII,fig. 1.
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there was sonic tcndciicv to refer it to Platanus i/nJiilis Newby., which is

sometimes sliji'htlv tnotlu-il. The teeth of tlie species micler discussion are

distinctly aralioid, ;nid not at all like those of 1'. iiohilis.

Ardia scrnihifa is distantly related to A. dhi'itata Ward,^ from the

Fort Union beds. This latter species is 3-lobed, or, more often, 5Tobed,

with the lobes enlarged upward, and serrate with shallow teeth only

near the ajiex. A. wacrophylla Newby.," from the Green River group of

Wyoming-, has the lobes serrate, but the teeth are large, coarse, and often

scattered, and, moreover, the leaf is twice the size of this and always

5-lobed.

A number of species of Aralia have been dcscrilx-d from California,

but none of them agree with A. serridata.

Habitat: Yellowstone River, one-half mile l)elow the mouth of Elk

Creek, top of bluff; collected by F. H. Knowlton, August, 1888.

Aralia whitnevi Lx.

PI. XCIX, fig. 3.

Aralia whitneyi L\.: Foss. PI. Aiuif. Gravels, Mem. Mas. Oomp. Zoiil., Vol. VI., No.

•2, 1878, p. 20, PI. V, tig-. 1. Hayden's Auu, Kept. 1878, Pt. II, p. 49.

This hue species was described by Lesquereux from the Auriferous

gravels of Chalk Bluff, Nevada County, California, and was also recognized

by him in material collected by Mr. W. H. Holmes on Fossil Forest Ridge"

in 1878. The specimens here referred to this species come from probably

the same locality as that which afforded Holmes material. They are, with

one exception, larger leaves than described in the type. None of the

specimens are perfect, and hence it is difficult to determine the exact size,

but they nnist have been 15 to 20 cm. long and probably broader.

The small specimen mentioned is referred with some hesitation to this

species. It is onh- about 9 cm. broad and 7 cm. long, but otherwise hardly

differs.

Habitat: Fossil Forest Ridge, Yellowstone National Park, bed No. 4,

"Araha bed," small leaf only; bed No. 7, "Platanus bed:" Specimen

Ridge, Fossil Forest, opposite Slough Creek, and near head of Crystal

Creek, "Platanus bed;" several large fine leaves.

' Types of the Laramie Fl., ji. 62, PI. XXVIII, tig. 1.

"-Proe. U. S. Nat. Miis., 1881', \>. 513; Plates (iued.), PI. LXVH, fig. 1; PI. LXVIH, fig-. 1.

•iCf. Hayden's Auu. Kept., 1878, Pt. II, p. 19.
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AkALIA SI).

Tliis fvag-ment is the only one of this type observed, and is too poor

to admit of satisfactor}' identification or characterization if it be new. It

consists of a portion of what ap})ears to be the central lobe and 2 lateral

lobes of a 3-lobed form. The .sinuses are rounded and the middle lolie is

eularo-ed above, with the maro-ins entire. A secondary nerve passes up to

the sinuses, and the lobe has about 5 or 6 pairs of alternate much arclied

camj^todrome secondaries. It is quite unlike any other form observed, so far

as can be made (,)ut.

Habitat: Hague's Yellowst.we Park collection, Fossil Forest section.

No. 22c; collected by Wright and AVeed, September 20, 1885 (field No.,

1959).

CORNACE.E.

CoRNUS Newbenyi Hollick.

PI. cm, tig. 0.

Cormts Xewberryi Hollick, in Kuuwltoa: Bull. U. S. Geol. Surv. ^o. 152, p. 77, 1898.

Cornus acuminata Newby : Later Extinct Floras, etc., Ann. Lye. Nat. Hist. New York,

Vol. IX, 1808, p. 71; 111. Cret. and Tert. PI., PI. XX, figs. 2-4; Plates (ined),

PI. XXXVII, tigs. 2-4.

Represented by a number of well-preserved leaves, agreeing well with

Newberry's figures and description.

Habitat: Yellowstone River, one-half mile and also 1 mile below mouth

of Elk Creek, at top of bluff; collected by F. H. Knowlton. Also found

on south side of Stinkingwater Valley on high blufi" east of the mouth of

Crag Creek; collected by Arnold Hague, Septemlier 4, 1897.

Cornus wrightii n. sp.

PI. GUI, iigs. 4, 5.

Leaves of firm texture, elliptical-lanceolate, narrowed below and

apparently slightly decurrent, rather obtuse at apex; margin perfectly

entire; midrib rather thin, slightly flexuose; secondaries 4 or n pairs, lower

pair opposite, others alternate, at various angles, curving along the margin

and in the upper part, turning by a broad bow to the apex; nervilles few,

approximately at right angles to the midril>; finer nervation not preserved.
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Several s^peciiiieus of this interesting' sjiecies are known. The most

perfect cue is fi<>-ured, and is 7 cm. in lenoth, and yet lacks a small portion

of both base and ajjex. It is a little more than 2.5 cm. Itroad. It is quite

regularly elliptical-lanceolate in shape, with a rounded, ratlier obtuse apex

and a more narrowed base. The secondaries appear to be uniforml}^ of

4 pairs, those in the u|)per portion of the leaf arching around and entering

the pt)int.

This species has some resemblance to tlie prcct^ding species, which

differs, however, in being much larger and in having an acuminate apex and

numerous (8 or 9) secondaries. They can not be identical.

It difters from Cormis ovaUs Lx.,^ from Table Mountain, California, in

shape and nervation, this species being oval, with obtuse base and apex.

Among living sjjecies this has consideralile atttnity with C. pankiilata

I'Her., especially with certain of the narrow-leaved forms.

I ha\e named this species in honor of Mr. George M. Wright, one of

the collectors.

Habitat: Fossil Forest section, Hague's Yellowstone Park collection,

No. 22c of section; collected by Wright and AVeed, September 20, 1885.

ERICACEAE.

Arctostaphylos elliptica n. sp.

PI. XCVII. fig. 2.

Leaf very thick, leathery; elliptical in shape, obtuse above, slightly

wedge-shaped at base; midril) thick, slightly flexoiis: secondaries about

5 pairs, alteiniate, lower ones short, at a low angle, upj)er ones at an angle

of about 45°, soon curving upward and arching about near tlie margin to

join the one next al)ove; nervilles strong, percurrent; liner nervation

obsolete.

This fine little leaf is almost perfect. It is 4.5 cm. in length and 18 mm.

in width. The petiole is about 3 mm. long and is very thick, as is the

fiexuous midrib. The secondaries are also strong, the ui)per ones arching

and joining in the upper ])art of the leaf.

This leaf is very thick, showing that it was of firm, leathery texture.

It is e\'idently related to the bearberry (Arctostaphijlos uva-ursi) in shape,

' Mem. Una. Comp. Zor.l., Vol. VI, No. 1, p. 2S, I'l. VI, tigs. 1, 2.
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texture of tlie lent', and nervation. It ditfers in l)eino- alniotst twice the size

of tlie li\'inii- form ami in liaviny coarse nervation. It lias also a short })etiole.

llal)itat: Yellowstone Kiver, one-half mile l)elow mouth of Elk Creek;

collected by F. H. Knowlton.

EBEXACE.E.

DiOSPVROS I'.liACHYSEPALA Al. l)r.

JHospyroN lirarliyscpain Al. Br. Ward: Type.s of the. Laramie Fl.. ji. 1(14, PI. XLIX,

figs. 1, 2.

A tiuely preserve<I leaf, aluKist identically tlie same as A^'ar(^s fig. 2,

except that the secondaries are a little closer together.

Habitat: Fossil Forest Ridge, bed No. 4, "Aralia Ijed;" collected by

Ward and Knowlton, August, 1S,S7.

DiOSPYROS LAMAKENSIS n S]1

PI. XCV. ligs. 5, 6; PI. XGVI, tig. 4.

Leaf membranaceous, regularly elliptical or ovate-elliptical, equally

rounded at base and apex, or slightlv broader at base; ])etiole not preserved,

ajjparently with a slight wing; midrib thin, straight; secondaries 7 or 8

pairs, alternate, thin, camptO(h-ome, arising at an angle of 45° or 50°, pass-

ing straight toward the borders, near which they arch and join by loops to

the secondary next above; intermediate secondaries occasional, thin, usualh'

joining the secondary next l)elow; tiner ner\ation consisting of luimerous

irregular nervilles, ])roducing irregularly (juadrangular areola\

This species is aliout 5 cm. long and a little more than 3 cm. wide, and

is (piite regularly elliptical in shape. As stated, the petiole is not preserved,

l)ut judging from the base of the blade it seems probable that it was

slio-htlv wino'ed. The lower pair of secondaries arise from the very base of

the blade and are verA" thin; the others are all alternate and camptodronie.

One of the other leaves figured is approximately of the same shape, but

has slightly more indication of having had a winged petiole. It is rounded

at base and has a loose nervation, as in the other.

This species is cdosely related and possibly iilentical with J)i(ispi/ros

loiKana Lx.,^ from Florissant, Colorado. This latter species differs in being

Tert. Fl., p. 232, PI. XL. fig. 11; Cret. and Tert. FL, p. 175, PL XXXIV, tig, 3.
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more or less ilistinctly wedge-shaped at l)ase, and is ubovate rather than

elliptical in shape. The nervation is similar in l)oth.

1). hiiiKirciis'is is also like certain leaA'Cs df I). lnKclnisepaJa k\. I'n-., from

Florissant and the Fort Union group (tf Montana.' The leaves from the

Fort Union group are rather larger, and have the secondaries at a different

ano-le and are without the peculiar finer nervation. Tt seems best, however,

to keep them ilistinct, at least for the present.

Habitat: Lamar River, between Cache and Calfee creeks; collected by

F. H. Knowlton, August, 1888. Fossil Forest; collected by Arnold Hague,

Wepteniber 24, 1X84.

DiOSPYROS HAOUEI n. sp.

PI. 0, fig. 3.

Leaf coriaceous, ellii)tical, entire, obtuse at apex and liase; petiole

thick; midrib thick, tiexuose; secondaries about (1 pairs, alternate, very

irregular, the pair at the base of the blade thin, vanishiug near the margin,

next \r,\h- strongest, passing to the upper ])art, camptodrome, branching

on the outside and forming broad loops well inside the margin; upper

secondaries smaller, cam])to(lrome, forming l)road loops; nervilles sparse,

strong, percurrent; finer nervation obsolete.

This species rests on the hue, nearly perfect leaf figured. It is 7 cm.

long, including the petiole, whicli is 14 nun. long and 2 nun thick. The

blade is nearly regularly ellii)tical in sliai)e and 3.3 cm. broad. The nerva-

tion is peculiar, as may be drawu from the description and figure.
.

All of the

secondaries except the lower pair are camptodrome, forming by union with

the one next al)0ve a, series of broad loops some distance inside the margin.

This type of nervation is peculiar and is clearly that of Diospyros. It

approaclies quite closely to certain small-leaved forms of I). riri/iniana L.

Among fossil forms it somewhat resemldes Diospyros ohtnsa Ward," from

Sevenmile Creek, Montana, in the Fort Union group. The latter species

is of approximately the same size and shape, but differs in the details of

nervation. It is, however, quite close.

I have named this s|)ecies in honor of ^Ir. Arnold Hague, of the United

States Greological Survey.

'Cf. Lesquerens Cret. ;in<l Tert. FI., PI. XXXIV, lig. 1, 2; Ward, Types of the Larauiie FI.,

PI. XLIX, fig. :,2.

- Types of the Laramie FI., \k ILia, PI. XLIX, fig. 5.
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lTal)itat: Yellowstone River, one-lialt' mile l)elo\v the mouth of Elk

Creek, base of l^luff; collected liy F. H. Kiio\\lton, August, 1888.

OLEACE.E,

FrAXINU.S WKIGHTII 11. sp.

PI. XC, tig. 4.

Leaflet .small, ineml:)raiiaceous iu texture, oblong- in outline, unequal-

sided, wedge-shaped at base, obtuse at apex; maro-in with few irregular

scarcely pointed teeth; midrib strong, slightly flexuose; secondaries about

7 pairs, alternate, at various angles, flexuose, camptodrome or subcras-

pedodrome, mostly arching and joining by bows some distance inside the

margin, sometimes entering the teeth, and usually with outside branches

to the minute, often obtuse, teeth; nervilles numerous, irregular, all forked

or broken; finer nervation producing irregular cjuadrangular meshes.

The specimen fig-ured, which was the only one found, is 4 cm. long

and 2.2 cm. wide. It is decidedly inasquilateral, with a wedge-shaped base,

and undulate-toothed margin. The nervation is camptodrome, with the

secondaries arched and joined by broad bows well inside the margin, or

occasionally with a secondary entering a tooth, thus becoming craspedo-

drome. The flner nervation is beautifully preserved, producing very

irregularly quadrangular meshes

The relation of this species is undoubtedly with FraxUms heerii Lx.,'

from Florissant, Colorado. Lesquereux's species differs in being imich

larger and narrower, with merely undulate margin. The nervation is

strictly camptodrome, but otherwise identical.

I have named the species in honor of Mr. George ^I. Wright, by whom
it was collected.

Habitat: Yellowstone River, below Elk Creek, top of blufl^; collected

by George M. Wright, September 9, 1885.

Phvllites ckassifolia 11. sp.

ri. Gil, flg. 5; PI. cm, fig. 1.

Leaves very large, thick, apparently rudely oval or orbicular iu out-

line ; base rounded or slightly heart-shaped, upper portion rounded (f ); margin

' Cret. aud Tert. FI., p. 169, PI. XXXIII, figs. 5, 6.

JION XXXII, PT II 48
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entire or Tiudulate ;
petiole usually very thick (7 nun. iu diameter) ; midrib

thick (5 mm.), straight, splitting above into 2 equal branches; secondaries

thick, straight, alternate or sul)opposite, often forking, craspedodrome or

subcamptodrome, the secondaries or their branches united b}- broad loops

with branches from the outside to the margin; nervilles very numerous,

strong, mainh' percurrent, yet often forked or broken; finer nervation, pro-

ducing large, mainly irregular, quadrangular areola3.

This species is based on a numljer of fragments that are insufficient to

show the true character. Two of the largest are figured, showing what is

assumed to be the liase and upper portions. The largest is 13 cm. long and

about 10 cm. wide, but this could have been only a fragment of the original

size. This specimen (fig. 5 of PI. Oil) is peculiar in that the midrib sjjlits in

the upper i)ortion into 2 equal branches, both of which are again branched

on the outside. This leaf ajjpears also to have been 2-lobed at the apex,

all of which may l)e aljnormal and due to an injury to the midrib. The

nervation in the upper portion ([uite markedly camptodrome.

The lower portion that I have assumed to belong to this species has an

exceedingly thick petiole, of which only a fragment is preserved, and also

a tlnck midrilj. They appear so difierent that it seems hardly probable

that they can be identical, Ijut rather than nudtiply unsatisfactory species

they may remain as above until additional material can be obtained. None

of the niargin except the very base is })reserved.

On account of the fragmentary nature of these leaves, I am unable to

determine with satisfaction the proper genus to which they should be

referred. In this uncertainty I have placed them provisionally under

Phyllites.

Habitat: Cliff on west end of Fossil Forest Ridge; Fossil Forest Ridge,

near head of Crystal Creek, various beds; collected by Ward and Knowl-

ton, August, 1S87, and by W. 11. Weed, September 20, 1885.

Carpolithes osseus Lx.

Cafpolithes ossem Lx.: Ami. Kept. U. S. Geol. aud Geog'. Surv. Terr., 40JI, 1872 (1873).

A very doubtful species, of wliich the type is lost and the species

not since obtained.

Habitat: "Elk Creek, near Yellowstone River; A. C Peale, Joseph

Savage, and 0. C. Sloane."
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Carpites pedunculatus u. sp.

PL CIIL fig. ''.

Fruit round, apparently 4 or 5 celled; pet^eel sliort, thick.

This fragmentary fruit is hardly worthy of description, for it may be

so deformed by pressure that it can not be recognized again.

Among the described fruits (>f this heterogeneous class C. vihiirni Lx.,'

from Black Buttes, Wyoming, is perhaps closest, l;)ut prol)al)ly the resem-

blance is only su|)erficial.

Habitat: Yellowstone River, one-half mile below the mouth of Elk

Creek, top of bluff (with Ulmus fruits); collected l)y F. H, Knowlton,

August, 1888.

FOSSIL FORESTS.

The fossil forests of the Yellowstone National Park are, beyond

question, the most remarkaljle of their kind that have thus far been dis-

covered in any part of the world. Isolated pieces or stumps of fossil wood

are of common occurrence, being found in almost all (juarters of the globe,

from near the point farthest north tliat was reached b}' the Greely Ai-ctic

Expedition to southern South America ; from Si)itzbergen and Nova Zembla

to South Africa and Australia, and geological!}' from the Devonian to beds

in process of formation at the present day. In many localities there are

aggregations of logs and stumps that are worth)- to be digniiied by the

name of fossil forests; as, for example, in Chalcedony Park, near Holbrook,

Arizona; near Calistoga, California, and in the vicinity of Cairo, Egypt.

But in all of these places, so far as known, all or most of the trunks are

prostrated and lie scattered about in the greatest confusion. In some cases

there is evidence that the logs were transported b}- currents l^efore being fos-

silized. The fossil forests of the Yellowstone National Park and vicinity, on

the other hand, are not only more extensive in area, Init the trees are almost

all standing upright in the exact positions in which they grew originally.

Many of these trunks, standing on the slopes and steeper hillsides, rise to a

height of 20 or 30 feet, and are covered with lichens and blackened and

discolored by frost and rain. At a short distance it is hard to distinguish

them from the near-l)y living relatives. The following account by Prof

'Tert. FL, p. 305, PI. LX, fijr. 26.
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W. H Holmes, the discoverer of these fossil forests, shows the impression

first made by the si"-ht of them:

As we ride up the trail that meanders the smooth river bottom, we liave but

to turu our attention to the clMs on the right hand to discover a multitude of the

bleached trunlvs of the ancient forests. In the steeper middle portion of the moun-

tain face, rows of upright trunks stand out on the ledges like the columns of a ruined

temple. On the more gentle slopes, farther dovrn, but wliere it is still too steep to

sui)port vegetation, save a few pines, the petrified trunks fairly cover the surface,

and were at first supposed by us to be the shattered remains of a recent forest.'

Fossil trees or fragmeiits of wood of greater or less size are found in

many parts of the Park, hut their distribution is mainly conhned to the

northern and noi-theastern portions. The forests of standing trees are all

found in the vicinity of the Lamar River, the most striking being exposed

on the slopes and cliffs of Amethyst Mountain and Specimen Ridge. Nearly

all of these forests are easily accessible from the well-traveleil road between

tlie Mammoth Hot Springs and the town of Cooke, Montana.

As the visitor enters the area drained by the Lamar River and by

the smaller streams running into the Yellowstone below the Grand Canyon,

evidences of proximit}' to the fossil forests are soon at hand. In the bed

of every stream pieces of wood, often of considerable size, may be found.

These pieces have in many cases been carried miles from their originnl

source by the toiTents incident to the melting of the snows in spring. Li

this way the pieces of wood have become rounded and worn and at remote

distances are changed into smooth, rounded pebbles.

The first forest to be visited is near Yanceys, and is known as Yanceys

Fossil Forest. It is located about 1 mile south of the hotel, on the middle

slope of a hill that rises about 1,000 feet above the little valle}'. It is

reached by an easy trail, and as one apnroaches, a number of trunks are

observed standing upright among the stumps and trunks of living trees,

and so much resembling them that a near view is necessary to convince the

visitor that they are really fossil trunks. Only two rise to a considerable

height above the surface. The larger one is about 1.5 feet high and 13 feet

in circumference; the other is a little smaller. The roots are not exposed,

so that it is impossible to determine the position of the part in view. Its

original length can not, of course, be ascertained. It is also impossible to

U. S. Geol. and Geog. Survey of the Terr., Hayden's Twelfth Annual Keport, 1878 (1883), p. 48.
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determine tlie original diameter, as the bark is in no case preserved. The
standing trees are both conifers, and belong to the gemis Cupressinoxylon.

Above these standing trunks many others are visilde, but the disinte-

grating forces of nature keep them at about the same level as that of the

suiTounding rock, from the fact that they tend to break up easily into small

fragments. Some of these trunks rise only a few inches, while otliers are

nearly covered by the shifting de'bris. They vary in size from 1 to 4 feet

in diameter, and are so perfectly preserved that the annual rings can be
easily counted. The internal structure is also in most cases nearly as

perfect as though the tree were living. The cells still retain their delicate

markings, and often their perfect form.

There are numerous fossil leaves found in the rocks about the bases of

these trees, but none apparently corresponding to the trunks; that is, the

trunks are all coniferous, while the leaves are dicotyledonous; but from the

nature of the case a coniferous trunk is much more readil}^ pi'eserved than

a dicotyledonous one.

The next forest that claims attention is the one mentioned by Mr.

Holmes, and is the one most frequently visited by observers. It is known
locally as the Fossil Forest, and is exposed on the northern slope of Amethyst
Mountain, opposite the mouth of Soda Butte Creek. The trunks may be
easily seen from the road along the Lamar Eiver and quite a mile awav.
They stand upright—as Holmes has said, like the pillars of some ancient

temple—and a closer view shows that there is a succession of these forests,

one above the other, through the entire 2,000 feet of this mountain. That
is to say, in early Tertiary time a magnificent forest ilourished in this re<jion,

which was buried under the debris ejected from volcanoes of greater or

less size that are supposed to have existed in this vicinity. The trees were
suiTounded by silica-charged waters and were turned to stone. The area

on which they grew was proliably underg(iing a very gradual submeroence
and the trees were slowly entombed. This is shown by the fact that the

trees are in an upright position and were not broken by the incomino-

material which covered them.

After the first forest was entombed, quiet was restored for a sufficient

length of time for a second forest to grow above it. Then volcanic activity

was renewed, and the second forest was buried and silicified as the first had
been. This process was repeated until 2,000 feet of volcanic material had
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been accumulated and not fewer than iifteeu forests were entombed. Then

the volcanoes ceased their activity and final quiet was restored. Probably

an upward tendency was given to the area, Init it must have been very

gradual and not attended by the distortion which so frequently accompanies

mountain Iniilding. The disintegrating action of frost and rain immediately

set in and has carved out this mountain, in the heart of which may be

read the stor}' of its origin.

In the foothills and several hundred feet above the valley there is a per-

pendicular wall of breccia, which in some places attains a height of nearly

100 feet. The fossil trunks may be seen in this wall in many places, all of

them standing upright in the positions inwliich they grew. Their upright

position proves that if there have been changes of level they have been

gradual and in the same plane, as otherwise the trunks would l)e variously

inclined. Some of these trunks, which are from 2 to 4 feet in diameter

and "20 to 40 feet in height, are so far weathered out of the rock as to

appear just ready to fall, while others are only slightly exposed. Niches

mark the places from which others have already fallen, and the foot of the

cliff is piled high with fragments of various sizes.

Above this cliff the fossil trunks appear in great numbers and in regular

.succession. As they are perfectly silieified they are more resistant than the

surrounding matrix, and consequently stand out above it. In most cases

they are only a few inches above the surface, but occasionally one rises as

high as 5 or G feet.

The largest trunk observed in the Park is found in this locality. It is

a little over 10 feet in diameter, which includes a portion of the bark. It

is very much broken down, especially in the interior, a condition which

very probably prevailed before fossilization. It projects about 6 feet above

the surface.

The most remarkable of all the forests, however, is located on the west-

ern-end of Specimen Ridge, about 1 mile southeast of Junction Butte and

opposite the mouth of Slough Creek. It was first brouglit to the notice, of

the scientific world by Mr. E. C. Alderson and the writer, wdui discovered

it in August, 1887. It is found on the higher portion of the ridge, and is

several acres in extent. The trees are exposed at various heights on a

^er}^ steep hillside, and the remai-kable feature is that most of them project

well above the surface.
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One of the largest and best-preserved trees stands at the very summit

i>f the sk^pe. It is 26 i feet in circumference without the Ijark, and rises

about 12 feet in height. The portion of this huge trunk preserved is the

base, and below ground it Ijecomes somewhat enlarged and passes into

the roots, which are as large as the trunks of ordinary trees. The roots

are embedded in the solid rock, as shown in the figure (see PI. CIV).

This trunk is a true Sequoia, and is so closely allied to the modern

redwood (Sequoia sempervirens) of California as to l)e hardly distinguishable

from it. It would be interesting to learn the height this tree attained, but

it seems safe to assume, from what we know of its living representative,

that it must have been more than a hundred feet high.

Just below the large trunk, on the steep hillside, are two more stand-

ing trees (see PI. CVI), which we may imagine to have formed the doorposts

of the "ancient temple" of which Holmes speaks. They stand about 20

feet apart and rise about 25 feet in height. They are both about 2 feet in

diameter and are also without the bark.

In other parts of the area there are standing- trees which attain a

height of 12 to 20 feet They are all under 2 feet in diameter. In a few

cases the bark is also preserved. It is hardly ever more than 3 inches in

thickness.

Scattered about over the area are a great many trunks that rise only a

few inches above tlie surface. These vary in diameter from 2 to 5 feet.

They are often hollow in the center and have the cavity lined with brilliant

amethyst crystals.

One of the lai'ger trees appears to have been prostrated before' it was

fossilized (see PI. CVIII). It is about 4 feet in diameter and is exposed for

a length of 40 feet. There is nothing to indicate the portion of the trunk

in its relation to roots and branches, but neither shows on the exposed part.

There is no ap])reciable diminution in diameter, and consequently it must

have been a very tall trunk.

The matrix about the bases of these trees, as well as those in the Fossil

Forest, contains numerous impressions of leaves, branches, and fruits. In

the Fossil Forest there are at least 6 horizons at which plant remains occur.

These are separated by a few inches, or in some cases by many feet. In

the forest last described, which may be called the Junction Butte Forest,

there are only 2 or 3 plant hoi-izons.



760 GEOLOGY OF THE YELLOWSTONE NATIONAL PAEK.

Most of the trunks in all three of the deseriljed forests are coniferous,

but occasionally a dicotyledonous trunk is found, showing- that the forest

was to some extent a mixed one. It is of course more than pi'obable that

the leaves found in the matrix about the bases of the ti'ees were at one

time attacheil to them, but as they have never been found in association, it

is manifestly impossible to correlate them.

The next fossil forest in rank of size is, })erhaps, the one found on

Cache Creek, about 7 miles above its moutli. It is exposed on the south

baid-L of the creek, and covers several acres. The ti-unks are scattered

from bottom to top of the slopes, through a height of probably 800 feet

Most of the trunks are upright, although there is only now and then one

projecting more than 2 or 3 feet above the surface. The largest one

observed was 6 feet in height and about 4 feet in diameter. While most of

the trunks appear to the naked eye to be coniferous, there are a number

that are obviously dicotyledonous. It is certain, however, that the conifers

were the predominant element in this as in the other fossil forests.

The slopes of The Thunderer, the mountain so prominently in view

from Soda Butte on the south, have also numerous fossil trunks. They are

mainly upright, but only a very few are more than 2 feet above the surfiice.

There were no remai-kably large trunks observed, the average diameter

being less than 2 feet.

]\Iount Norris, which is hardly to be separated from The Thunderer,

has a fossil forest of small extent. The trees are of about the same size

and characteristics as those on the larger mountain.

Forests of greater or less extent, composed mainly of upright trunks,

ai"e exposed on Barouett Peak, Bison Peak, Abiathar Peak, Crescent Hill,

and Miller Creek. In fact, there is hardly a square mile of the area of this

northeastern })oi'tion of the Pai-k without its fossil forest—scattered trunks

or erratic fragments.

The vast area to the east of the Yellowstone Lake has never been

explored thoroughly from the paleobotanical side, but enough is known to

be certain of the presence of more or less fossil wood. The stream beds

contain occasional fragments, which is a suflftcient indication that trunks

of trees must be near at hand.
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DESCRIPTION OF SPEOIES.

Sequoia magnifica n. sp.

Pis. GIV, CV, CX, CXI, CXVII, tigs. 1-6.

Diagnosis.—Truiiks ofteu (if great size, 6 t(.> 10 feet in diameter, 30 feet

high as now preserved, bark when present 5 or 6 inches in thickness;

annual rings very distinct, 2 to 3 mm broad: fall wood reduced to narrow

bands of 3 to 15 rows of thick-walled cells; cells of spring and summer

wood lai'ge, hexagonal or often (dongated; resin tubes numerous, composed

of short cells ; medullary rays luimerous, of a single series or occasionally

with a partial double series of superimposed cells; wood cells with one or

two rows of small circular pits.

Transverse section.—lu tlils sectlou (Pls. CX, CXI) tlic structurc appears

beautifulh' preserved. The rings are rather narrow, being only 2 or 3 mm.

broad, or often only 1 mm. l^liey are very sharply demarked, even ti) the

naked eye. Under the microscope the rings are found to consist of a band

of thick-walled cells that is never more than 15 row^s of cells deep and

often is reduced to 2 or 3 rows. The cells composing the spring and summer

wood are of uniform size and inclined to be hexagonal in shape. Those of

the fall wood are, of course, compressed.

The resin cells are numerous and may he readily distinguished by

the dark contents. They occm- mainly in the spring and sunmier wood.

The medullary rays seen in this section are long, straight, and sepa-

rated bv usually about 3 rows of wood cells.

Radial section.—Tliis sectlou (PI. CXVI, figs. 2-3) Is tlic Icast satisfactory

of all. The wood cells show well under the microscope, but their markings

are verj" obscure. By prolonged search it is made out that the pits are in

1 row, or sometimes 2 parallel rows. They are small, as far as can be made

out, and are too obscure for satisfactory measurement.

The rays are composed of long, unmarked, cells.

Tangential section.—Tlils sectlou (Sce PI. CXVI, fig. 1) is Very satisfactory.

The wood cells are long and unmarked. The resin ducts are numerous,

but scattered, the cells being twice or three times as long as wide. In

many cases they are filled with or contain masses of dark material, repre-

sentino- the resin now turned to a carbonaceous mass.
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The medullary rays are composed of 1, or in some cases of a par-

tially double, series of 2 to about 25 superimposed cells. They are large

and (piite thick walled. The average number of cells in each ray is

about 1"2.

This species is closely related to the living Sequoia sempervirens Endl.,

more closely than any other fossil sjiecies with which I am familiar. They

are hardly to be separated by any well-defined characters. The living

wood has the same clearly marked annual rings, resin cells, partially double

rays, and pits on the wood cells. The medullary rays in the living wood

are provided with ninnerous round pores or markings. These seem to be

absent from the fossil specimens, but, as already related under the diagnosis,

the fossil is not well preserved in the radial section and they may have

been present there when it was living. The dimensions of the various

elements are much the same in the living and fossil specimens, thus leaving

no doubt as to their close affinity.

In size of trunks tliese species are also similar. The largest trunks

observed in the Yellowstone National Park belong to S. viaf/nlfica. They

range in size from 4 to 10 feet in diameter, one of the largest being shown

on PI. CV. This is 26^ feet in circumference and stands upright on the

hillside. It is 12 feet high, and represents the base of the trunk, as the

large roots are well preserved. Their height is of course unknown, but one

was fortunately prostrated before fossilization (PI. CVIII), ami is 40 feet

long, with no apparent diminution in diameter. It is altogether likely that

they may have been equal in height to some of the living representatives.

I have thought best to give this fossil species a name different from

that of the living tree, notwithstanding the fact that they are evidently so

closely related. The fossil comes from a locality remote geographically

from the living redwoctd, and, moreover, from a horizon that, although com-

paratively recent, is so ancient as to make it extremely improbable that

the type has actually been living for so long a period. There can, however,

be no doubt that the living redwood is the direct descendant of this

remarkable tree that was once so abundant in the Yellowstone National

Park.

Habitat: Specimen Ridge, Fossil Forest at head of Crystal Creek,

Fossil Forest on Cache Creek, etc.; collected by F. H. Knowlton, August,

lS87-August, 1888.
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PiTYOXYLON ALDERSONI 11. sp.

Pis. cvi, cxii, cxiri, oxviii, ags. 3, 4; pl cxix, fig. 2.

Diagnosis.—Truiiks of large size, 3 to b feet in diaineter; annual rings

very distinct, often 8 or 9 mm. broad, very sharply demarked; resin ducts

numerous, large, scattered, occurring in late summer and fall wood; wood

cells long, with a single irregular row of medium-sized pits; medullary i-ays

in a single series, or occasionally with divided cells; rays from 2 to 25

cells high, the average being about 10 or 12 cells.

Transverse section.—Tlie aiiiiual riiigs are very distinct, being plainly dis-

cernible to the naked eye. Some of the liroadest rings are fully 9 mm.
wide, and none are less than 6 mm. The demarcation Ijetween fall and

spring wood is very pronounced (see fig. 4 of PI. CXVIII and 2 of PI.

CXIX), the cells of fall being small, compressed, and thick-walled, while

those of the early spring vvood are ^•ery large, and, of course, thin-walled.

The cells of the spring and summer wood continue for a width of

5 mm., but little, if any, diminished in size. Then they become slightly

smaller and thicker-walled and pass gradually into the fall wood.

The resin ducts are very large. They are not found in the summer

wood, but occur irregularly in the early fall and late fall wood.

The medullary rays, as observed in this section, are straight and

separated by from 3 to 8 or 10 rows of wood cells. The individual cells

are apparently long.

Radial section.—Notwithstanding the fact that the wood seems to be per-

fectly preserved, it does not reveal the structure well in this section. The

wood cells are seen to be sharp-pointed where they join. They are, of

course, broad in the spring and summer wood, and very narrow and thick-

walled in the fall wood. It is very ditficult to make out the pits, liut in

exceptionally well preserved portions a few may be faintly seen. They

are scattered, but in a single series. They are so obscure that no satis-

factory measurements can be made.

The medullary rays in this section are long, thick-walled, and without

markings, so far as can be made out.

Tangential section.—Tliis sectioii is vcrv plaiii. The medullary rays are

numerous and in a single series, although occasionally a ray may be observed

in which there are 2 senes of cells for a short distance. In such cases the
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cells are always sinallur than the ordinary ray cells. The number of

cells making up each ray ranges from 2 to 30 or more, but the average

number is about 8 to 15.

The rays in which there is a resin duct are rather rare. The duct is

large, taking vip all the width of the ray. The remainder of the ray is 3

rows of cells high in the middle and is reduced to 1 at the extremities.

The wood cells show clearly in this section. The}' are not provided

witli pits or other markings.

Habitat: Specimen Ridge, Fossil Forest, near head of Chystal Creek;

collected by F. H. Knowlton, August, 1887. Yancey Fossil Forest; col-

lected by F. H. Knowlton, August, 1SS7.

PiTYOXYLOX AMETHYSTIXUM 11. Sp.'

Pis. CVII, OVIII, GXIV, CXV, CXVIII, figs. 1, 2.

Diagnosis.—Truiiks of suiall or medium size; annual rings sharply

demarked, 3 to 8 mm. In-oad; resin ducts numerous, scattered, but mainly

in fall wood; wood cells long, sharp-pointed, provided with a single row of

scattered, small, somewhat irregular pits; medullary rays numerous, in a

single series of 2 to 12 cells, the average being about 5 or G.

Transverse section.— ]\Iucli like tlic prccediug spccles, exccpt that the rings

are narrower, the cells of spring and summer wood are smaller, and the

late fall cells have thinner walls. The resin ducts are also much the same,

being in general only a little smaller. A few are found in the summer

wood, but most of them are in the fall wood. The rays are not nearly so

numerous as in the last species. They are often separated by as many as

25 rows of wood cells.

Radial section.—The radial section of nearly all woods from the Yellow-

stone National Park is more or less obscure. The one under consideration

is no exception to this rule, and it is only after considerable search that the

pits can be determined. They are in a single row (see PI. CXVIII, fig. 1)

' In 1888 Dr. .1. Felix, of Berliu, visited, and collected fossil wood in, the Vellowstone National

Park. The results of his work were jmblished in Zeitschrift der Deutscheu geologischen Geseilsohaft,

for 1896. He described six species of fossil wood, of which number I have recognized four. The
following two sjiecies were not figured, and as the locality whence they came is more or less in doubt
I have not included them in the systematic enumeration. They are as follows: PUijorylon faJUi.r and
Ciipressinoxylon eutreton. They may be identical with certain of the species I have described, but of

this I am uncertain.
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and are rather sniall. Tliey are so obseure that it is impossible to make
trustworthy measurements.

The raedunary rays, as seen in this section, are composed of long, thin-

walled cells, and so far as can l)e determined theA' are without i)its or other

marking's.

Tangential section.—Tliis sectioii (PI. CXVIII, tig. i') shows tile structure

very plainly. The medullary rays are abundant and always in a single

series, except the large compound ones. Tlie number of cells in each ray

varies from 2 to 10 or 12, the average number being alxnit 6. The com-

pound rays inclosing the resin ducts are rather small, with tln-ee rows of

celjs in the middle portion. No markings can l)e made out on the wood
cells in this section.

This species is very closely allied to the one preceding, and should

perhaps be referred to it. The main points of difference are the following:

Narrower annual I'ings; smaller resin ducts, that are occasionally found in

the summer wood; smaller wood cells throughout; smaller and shorter

compound medullary rays; ordinary rays always in a single series of 2 to

1 2 cells (average 6) instead of from 2 to 30 or more (average 12).

Habitat: Specimen Ridge, Fossil P^>rrest, near head of Crystal Creek;

collected by F. H. Ivnowlton, August, 1887.

LaITRINOXYLOX PULCHRIM U. sp.

Pis. CXVI. OXLX, tigs. 3-5; PI. GXX, tig. 1.

Transverse section.—Auuual riug vcry distluct to tlic naked eve, 2 to 4 mm.
broad. The demarcation between the rings results from 10 or 12 layers

of thicker-walled cells, representing the late fall wood, and from the greater

abundance of ducts in the immediately following spring wood.

The wood cells are small and arranged in serial rows except in the

vicinity of the ducts, where they are somewhat irregular (see fig. 1 of PI.

CXX). Surrounding the ducts, and sometimes filling the remainder of the

space between rays, the cells are larger and not so completely seriated.

The ordinary wood cells are about 0.01 nun. in diameter, and those near the

ducts 0.015 or 0.02 mm. There is an occasional row of the lar^e-sized

wood cells along a ray, as in fig. 1 of PI. CXX.
The ducts are very plainly shown in this section. At least half of

them are single and nearly or (|uite circular in section. Of the remainder,
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most are double, while occasionally there are 3 in a row or series, and

exceptionally as many as 4. The number in a square millimeter is only

from 4 to 6. The smallest of the single ducts range in diameter from

0.03 to O.OG mm. The largest observed are 0.21 mm. in long diameter

and 0.16 mm. in short diameter. The largest dou))le duct—that is, when

there are two together—is 0.31 mm. The largest of the sei'ies of 3 is 0.36

mm., and the largest of the few in series of 4 is 0.44 mm. The average

diameter of large and small ducts is probably about 0.12 mm.

The medullary rays are 1 to 3 cells wide, and run irregularly among

the ducts. They are about 0.01 nun. broad.

Radial section.—Thc wood ccUs are long, slender, and apparently sharp-

pointed. Thei'e is evidence also that some of these are divided uj) into

short cells by square divisions.

The medullary rays form plates of short, rather tliin-walled cells.

They are from 0.02 to 0.O4 mm. in diameter and from O.Oo to 09 mm. in

length. They do not appear to be marked, yet there is some evidence that

there were minute pits; but the specimens are not well enough preserved

to be certain of this.

The ducts shown in longitudinal section (PI. CXIX, fig. 3) are very

pronounced. The individual cells are from 10 to 0.20 inm., or some-

times more, in length. The walls fire covered ^vith small round pits, which

occasionallv pass into regular scalariform markings (see tigs. 4 and 5 of

PI. CXIX.) Each duct is surrounded by a mass of tissue from 2 to (i or 8

layei'S of cells thick, of which mention was made under the discussion of

the transverse section. The individual cells of this sheath are of about the

same size and appearance as the large cells of the medullary rays.

Tangential section.—Tlic fiue pliotomicrograpliic reproductions of this section

(PI. CXVI) give a far better idea of the structure than any description can.

The medullary rays, it will be observed, are very numerous (about 3 to

each square millimeter). They are from 1 to, exceptionally, 4 layers of

cells broad and about 12 layers high, the extremes being 5 and 20.

This plate shows admirably the ducts and related tissue. The one in

the center of the plate shows well the manner of division, although the

magnitication is hardly sufficient to show the pits or markings.

This species is one of the handsomest with which I am familiar. It

has affinities with a number of described forms, as, for example, Launis
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triseriata Caspaiy,' from the Tertiary of Prussia. From this it dififers

in the arrangement of ducts and in rays, and somewhat in the markings.

It is also evidently allied to the two forms from the Tertiary of Arkansas,

LaurinoxijJoii hraiuieri, Kn.^ and L. Icsqiicreuxiaita Kn.^

The genus Laurus Avas eAadently abundant in this flora, and it is to be

expected that the trunks would be occa.sionally preserved. It is of course

pi'obable that this wood may belong to a species that has also been described

from the leaves, but there is manifestly no means of connecting them.

Habitat: Specimen Ridge Forest, near head of Crystal Creek, Yellow-

stone National Park, a prostrate log; collected by F. H. Knowlton. August

25, 1887.

Perseoxylon akomaticu:*! Felix.

Perseorylon aromaficum Felix: Untersuclning iiber fossile Hiilzer, v. Stiick: Zeitsubr.

d. Deutscli. geol. Gesell., Jahr. 1S96, p. 254, 1800.

Laurinojylon aromaticuin Felix : Die Holzopole Uiigarns, p. 27, PI. 1, lig. 7 ; II, fig. 7, 9.

This species was detected by Felix in his visit to the Yellowstone

National Park in 1888. I did not meet with it.

Habitat: Vicinity of Yanceys, Yellowstone National Park. Collected

by J. Felix, 1888.

Plataninium haydeni Felix.

PI. CXX, figs. 3-5.

Plataninium haydeni Felix: Untersucluing iiber fossile Holzer, v. Stiick: Zeitsclir. d.

Deutscli. geol. Gesell. Jalir. 1890, p. 251, 189C.

Transverse section.—The amuial rings are faint, yet they may be seen with

the naked eye. 'I'hey are about 2 mm. broad. The medullary rays are

very distinct in the weathered specimen.

Under the microscope the structure is shown to be well ]>reserved.

The wood cells are not arranged 'in radial rows, but are quite irregularly

placed. They are large (0.01 to 0.03 mm.) and angular, being 3 to 6 sided

by compression.

' Einige foss. Hc'Hzer Prenssens: Abhaudl. z. geol Specialk. v. Preii.ssen u. Thiiriugi.schen

Staateu, 1889, p. 60, PI. XI, flgs. 0-12; PL XII, figs. 1-5.

-Fossil woods and lignites of Arkansas: Ann. Rept. Geol. Survey Arkansas, 1889, Vol. II, p. 256,

PI. IX, figs. 8-9; PI. X, figs. 1,2; Pi. X, fig. 4.

'Op. cit., p. 258, PI. X, figs. 3,4; PI. XI, figs. 3,4.
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The ducts (ri. CXX, tig. 4) are very numerous. They occupy at

least one-tliird of tlie area, exchisive of the rays. They are ahnost always

sino-le, althou"-h often placed close together, especially in the lieginning of

the spring wood. They are uniformly oblong in shape. In the spring

wood the average size is 0.09 mm. in long and 0.06 mm. in short diameter.

In the fall wood they are from 0.03 to O.OG nun. in long and 0.025 to 0.05

nun. in slmrt diameter.

The annual ring consists of a layer of slightly thicker wood cells, but

it is mainly distinguished by the abruptly larger ducts in the spring wood

(see%. 4"of PI. CXX).

The medullary rays ai-e very abundant as seen in this section. They

are from 1 to 10 or 15 cells broad. Fully 30 per cent of the area is

covered by the medullary rays. The rays uniforudy contain a black car-

bonaceous substance, these making them staml out in bold relief.

Radial section.—Tile uiost promiueut feature in this section (PI. CXX, fig.

5) is the medullary rays. They form higli plates of usually short cells

with black carbonaceous contents. The ducts are also prominent, and

appear to be marked with scalariform thickenings; but as they are quite

obscure, this is not positive.

Tangential section.—Tlic structure of tliis sectiou is very clearly revealed

under the microscope. The medullary rays are ver}' numerous. They

range from 1 to 10 or 15 layers of cells broad and more than 100 high.

The cells are round, thin-walled, and usually or not at all compressed.

They take up, as already stated, fully 30 per cent of the space. In some

cases the rays are 0.5 nmi. long and 0.35 mm. broad (cf. fig. 3 of PI. CXX).

The wood cells are long and sharp-pointed. So far as can be made

out, there are few if any square divisions of the cells.

The ducts, of course, sliow well in this section, but the markings, if

present, are now obscnre.

This species is quite closely related to the living PJatauKS oecklcntalis

L., the common sj'camore or plane tree. The living wood shows the indis-

tinct annual ring, the irregular wood cells, and numerous medullary rays

almost identical with the fossil wood. There are certain minor points of

difference, such as markings on the rays, lignification of the ducts, etc., but

they are certainly close enough to make their generic identity reasonably

sure.
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Tlie fact that Platanus leaves are very almiulant in the beds surround-

iny- the fossil trunks makes it extrenieh" prnl:)al)le that the generic reference

is correct. It is of course also jjrobable that some of the leaves belong to

the wood here described as different, but as they have never been found

attached, it is manifestly unsafe to assume that there was ever organic

union.

A number of fossil species have been described from various jjarts of

the world; n()ne, liowever, from North America. The general agreement

between these and the one under consideration is close, l)ut the specific

differences are marked in certain cases. One of the nearest forms is

Platamis klehsii Gasp.,' from the Tertiary of Prussia. It differs in im|)ortant

minor characters, as does P. horealis Gasp.,' from the same place. The two

species described by Felix, Plataniniuni porosam Felix and I', regidare

Felix, have only general resemblance.

In the original ]M8., which was submitted in March, 189G, I had of

course given this another specific name, and it may still prove to be difi'erent

from the P. Jiaijdeni of Felix. Unfortunateh* Felix has not figured his

species, and it is difficult, from a mere technical description, to be entirely

certain of their identit}'. It is reasonably certain, however, that they are

identical, and I have so regarded tliem.

Habitat: Specimen Ridge Forest, near head of Crystal Greek, Yellow-

stone National Park. From a trunk 6 inches in diameter and about 1 foot

in height; collected by F. H. Knowlton, August 25, 1887.

Rhamnacinium radiatum Felix.

PI. CXVIII, ti-s. G, 7; ri. CXIX, tig. 1.

RlKtiiniaeiiiiiimnnliittKiii Felix: UntersiicbaiigiiberfossileHolzer: Zeitsi-lii-. d. Deutsch.

geol. (iesell., Jabr. 1896, p. 2.5li, PI. VI, tig. 3, 1896.

Transverse section.—Aunual Hiig broad (7 mm.), verv indi.stinct, consistino-

of only 1 or 2 rows of slightly thickened wood cells and rather alirupt

presence of numerous large ducts in succeeding spring wood. Ducts very

numerous, in radial rows. A few of the ducts are single, but mainly they

are contiguous, with 2 to 10 in a series. The usual number is 3 or

'Eiuige foss. Holzer Preusseus : AbhancU. z. geol. Speeialk. v. Preussen ii. Tliiiringischeu

Staateu, 1889, PI. VIII, tigs. 1-24.

Op. cit.,Pl. IX, figs. 1-11.

MON XXXII, PT II 49
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tour. The ducts dci-upv uearlv oue-hnlt' of the area, tlui.s jiiixhiciug au

open, soft wood. Tlie lonij-est series of ducts, enibr;ieiny 10, is ().5() mm.

in length. Series of 4 or 5 liaving a length of 0.;>() mm. are eommon.

The small single duets are O.O.") to 0.07 unn. in long and 0.04 t<i (t.Oo mm.

in short diameter. The average short diameter of all duets is aliout 0.07

or O.OS mm.

The wood cells are arranjied in distinct radial rows. The"\' are rather

large and thin-walled, also showing- that the wood was a soft, ])orous one.

The medullarv ravs in this section are rather numerous. They are

2 or sometimes 3 cells wide, and the cells are short and thin-walled.

Radial section.—Tlic ducts appear especialh" numerous in this section.

The marking on the walls is rather oliscure, hut tliev seem to l)e unifonnlv

provided with minute pits.

The raA's form high plates of short, thin-walled cells, apparently with

small circular or oblong pitlike markings.

The wood cells are verv long. They have sharp-jxiinted extremities

and thin walls.

Tangential section.—Tlils sectlou Is A'erv cliaracteristic, the most prominent

feature being, of course, the cut-off ends of the medullary rays. The rays

are various, being 2 or rarely 3 or 4 layers of cells wide. The number of

vertical rows is very indefinite, being rarely less than 10 or more than 30.

The cells are rectangular, being often twice as long as wide. Some of the

cells in the middle of the ray are more or less irregular in shape. All are

very thin-walled.

The wood cells ju-e the same as in the radial section.

The <lucts are also prominent. Thev liave oblique partitions and the

walls are ])rovided with round ]iits. The markings on the walls are not

different fi-om those to he observe(l in tlie radial section, but they happen to

lie better preserved.

In niv original jMS. this form was described under the new generic

name of Populoxvlon, from its undoubted close resemblance to wood of

living Populus. It is with some hesitation that I ti'ansfer it to Felix's

species, for the\' do not agree in every particular. On the whole, however,

it is more than probable that they are the same, and 1 have so regarded

them The generic diagnosis, leased upon the wood from the Park oidv,
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luay be drawn up as follows: Annual ring- jjresent, Init faintly deiiiarkeil;

wood cells long, narrow, sliarp-pointed, thin-walled; ducts very numerous,

(iccupving about one-half of the area, in radial rows of from 2 to 10,

pitted, the pits small, round; medullary rays numerous, of short, thin-walled

cells, rectang-ular or irregular in transverse section, arranged hi 2 to some-

times 4 vertical rows of approximately 111 to 30 cells each.

Habitat: Specimen Ridge, near head of Crystal Creek, Yellowstone

National Park; collected by F. H. Knowltou, August 22, 1887.

QUEKCINIUM LAMARENSE U. sp.

PI. CXYIII, flj--. 5; PL OXX, fig. L'; PL CXXL figs. 1, 2.

Transverse section.—Auuual rlug preseut. 1 )ut vcrv falut ; consisting of but

1 or 2 rows of thickened cells. In the succeeding spring wood the ducts

are much larger, thits making the ring visible to the naked eye.

Ducts numerous, scattered, most abundant in spring and summer

wood; all single—that is, not contiguous. They are almost perfectly

circular, being very slightly elongated radially. They are large, though

not remarkabh" so for the genus; the larger ones ranging in diameter

from 0.16 to 0.23 mm., the smaller being about 0.20 mm. The yerj

smallest ducts are 0.05 mm. in diameter, and the more couunon of the

small ones are 0.10 or 0.12 nnu. in diameter. None of the ducts are

arranged in notable radial rows.

The wood cells are in distinct radial rows, and are large and thick-

walled. In most the lumen is nearly obliterated. The average size of the

wood cells is 0.02 mm.

The medullary rays are neither very numerous nor consjiicuous. They

are mainly only 1 cell broad, with an occasional wide one of 20 or more

cells, as will be described under the tangential section. Some of the single-

celled rays pass for a considerable distance among the ducts, but by far the

larger number lie between two ducts (see fig. 1 of PI. CXXI).

Radial section.—Tlie ouly scctioms available in this direction were, unfor-

tunately, from poorly preserved portions of the specimen, and do not show

the structure clearly. The wood cells, so far as can be made out, are very

long, and, as shown by the transverse section, have thick walls The rays
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t'oriu high phite.s <it' cells, the exact length of which can not be determined

with satisfaction. If there were markings on the rays they can not be seen;

neither can the markings on the ducts be observed.

Tangential section.—Tliis section sliows nuiclibettcr under the microscope

than the radial uiic.

The ra}s are found to be of two distinct kinds: The most numerous

are only 1 cell Inroad and from 10 to 25 cells high, the individual cells

being thin-walled and oblong in shape. At scattered intervals are very

broad rays composed of 10 to 20 rows of cells and extending for long

distances through the section (see fig. 2 of PI. CXXI). These broad rays

are often somewhat cut by wood cells passing diagonally through them

(see fig. 2 of PI. CXXI). This does not, however, interfere with the ray

as a whole, which is clearly demarked from the small rays of a single

series of superimposed cells. The individual cells of the large rays are

neai'ly circular in cross section, or more or less 6-sided by mutual pressure.

They are also thiu-walled.

Associatefl with the small rays is usually a layer or two of short-celled

tissue or series of parenchymatous cells. Except for there being shorter

cells they are not to be distinguished from the ordinary wood cells.

The ducts show clearly enough in fhis section, but they are not well

enough preserved to permit the markings on the wnlls to be made out. It

would seem that the walls were pitted, but this is largely .surmised.

A considerable luiniber of species of Quercinium,' or oak wood, in a

fossil state, have been described from yari(ius parts of the world. Wood
of this kind is readily distinguished by the large isolated ducts and the two

kinds of medullary rays.

The species under consideration resembles a number of described

forms, but they are all fi-om the (Jld World, and are readily distinguished

from it.

This species is closely allied to Quercinhim knoivUniil Felix, and may
possibly be the same, bat as Felix's species is not fully illustrated it is

difficult to be positive. Q. lamarense seems to differ in the shape and size

of the large ducts, l)ut it will need a careful comparison of the sections to

be positive. For the pi-esent, at least, they may remain distinct.

Habitat: Specimen Ridge, Yellowstone National Park; specimen from

' Fifteen species auil vaiii-ties.
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an uprig-ht Tnmk. 4 feet iii (liaineter; oolleoted Ijy F. IL Kiidwlton, August

22, 1887

QUERCINHM KNOWI/IONI Felix.

Qiicrcinium knoirltoni Felix: Undersucbuiig iiber fossile Holzer: Zeitscbr. d. Deutsc-li.

geol. (iesell.. Jalir. ISitG, p. 250. PL YI, fig. 2, 189G.

As stated uiidcr the preceding- species, these 2 forms may l)e identi-

cal, l)ut in al)sence of full drawings of Q. hiioickoin it seems l)est to regard

them as distinct. The size and shape of the ducts certainly differ greatly.

Habitat: Amethyst ^Mountain, Yellowstone National Park; collected

by J. Felix in 1888.

JUOI.OGICAT., COKSIDERATIOX OF THE TEIJTIARY FLOKA.

The Tertiar\- Hora of the Yellowstone National I'ark jiossesses great

biolog-ical interest. It is a rich flora, and ou comparing it with the living-

flora it becomes apparent tliat g-reat climatic changes nuist haAe taken })lace

since the close of the Miocene period to have made these modiflcati(jns in

plant life possible. The fossil flora embraces about loO forms that have

Ijeen distributed among- 33 natural families. Following is a list of these

families, with the nundier of species or forms referred to each:'

.Species. Speries.

Filices 10 Phitanacepe 3

Equisetacew 4 Lcf/n m inosw 5

Gonifera- 13 Anacardiaoe;v 1

Typhucew 1 Celastrace;e 4

Sparganiacea? 1 Aceracew 2

Cyperacew 4 SapiudaceiV o

Smilacew . . 1 Bhumnutrw 4

Mnsacea^ 1 Yitacea- 1

Juglaudacea' 8 Stercnliacea' 1

Myricaceie 3 C'rediieriacea^ 1

Saiicacew 10 Tiliaeea- 2

Betulacew 2 Araliacea- G

Fagacea? lo Comacea' 2

Uliuace* 5 Ericacav 1

Urticttcea- 10 Ebenaeea; .* 3

Maguoliacea^ 5 Oleacea' 1

Lauracetb .-

.

12 Phyllites, Carpites 3

' The orders that ;ire also founil in tlir present flora are printed in italicH.
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The excellent Flora n\' the Yellowstone National Park/ l)y Mv. Frank

Tweedy, has heen made rlic basis of all conijjarisons between the fossil and

livino- floras, ,'vccordini^- tn Tweedy, the present flora embraces 69 natural

families. '213 oenera. and (i.")7 species. The fossil flora emliraces 33 families,

1)3 ^-enera, and 148 species. The liyini;- flora has, therefore, 4 genera to

ea"li order and 2.4 sjjecies to each genus, while the fossil flora has not

cpiite 2 genera to each family and 2.3 S})ecies t() each genus, l^he relatiye

proportion between the families, genera, and s]iecies is shown to be approxi-

matel\' the same in the Tertiary and the living floras. A still further

CoiMparisun shows that there ai'e ;i fractinn more tluni twice as many living

as fossil families, 4..'! times as mam^ living genera, and 4.(1 times as many
species.

On comjjaring the families in tlie two flm-as, it is found tliat 19 of the

33 fossil families are not represented in the living flora. In the list of

families above gi^•en the ones not italicizeil are the families not repre-

senteil at the present time. It will be seen that sucli imjiortant families as

the Juglandace;e, Fagace;v, Ulmace;p, Magnoliacea', Laurace<i?, Plataiiacese,

Anaeardiacea?, Celastracea', Vitaceje, Sterculiaceie, Tiliacea?, Araliacepe,

Ebenace;i3, and ( )leacea! are not represented in the present flora. In other

words, there are no walnuts, beeclies, oaks, chestnuts, elms, magnolias,

sycamores, sumacs, grapes, lindens, aralias, persinniions, or ashes af the

present day. The alisence of such important trees and shrul)s prodiu-es a

profouml niodiflcation of the floral surroundings.

The dominant element in the living flora consists of tlie abundant

coniferous forests; yet oidy 8 species are represented, and of these only 5

are at all common, and (Jo per cent of the whole coniferous growth is made
up of 1 species. The fossil flora is represented by 13 species, or nearly

twice as many as the living. Among them was a magnificent Sequoia that

was closely allied to the living Srqudia srnijicrrirois i>f the Pacific coast. It

had trunks 10 feet in diameter and probabK" of vast height. There were

also 2 well-marked species of Sequoia, knnwn from the leaves, and a

number ot sitpposed Sequoia cones. The })ines were also abundant, no

fewer \\v,\i\ 8 species having been detected.

The deciduous-leaved trees and slu'uljs of the Yellowstone National

Park are conspicuously few in numliers. 'I'here are 2 species sif Betula, 2

» Washington, 1886, pp. 1-78.
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(if Alims, 7 of Salix. 2 of ropulus, 1 of Acer, 4 of Vacciniuni, 5 of the

order Caprifoliaceoe, 2 of Cornacepe, 2 of the Kosacepe, etc. Perhaps

the most conspicuous tree is the quakino- aspen (Popidus tremulokhs). The

Cottonwood (P.Kjif/itstifolia) is rare, l^eing found only along- Cache Creek.

Several of the willo\\-s are abundant, as is also the common birch {Befitla

(jhnKhiJosa), and tlie June berry (Aiiiehoichirr alnifolia). The other shrubs

are rare, or are confined to few localities.

The fossil Hora, on the other hand, was especially rich in deciduous

leaved vegetation. Tluis the Juglandacea^ was rejiresented by 5 species

of Juglans and 4 species of Hicoria (Carya), a numl)er of which were very

abundant. The genus Populus was especially rich, there being no fewer

than 7 species. Certain of these, as I'opnlns spccio.sa, I' ihiphuogenoides^ and

/'. i/hiiiduUfera, were in great abundance, and the stratum in wliich they

occur consists of a perfect mat of these leaves. Something like lUO examples

of I s]iecies were ol^tained.

Another striking feature was the presence of numerous magniiicent

magnolias. Of these, 4 species have been described from the leaves and

1 from the thiclc petals of the flower. The species described as Magnolia

spedahiUs is represented by a great numl)(*r of leaves in a tine state of

preservation. It ajipears to be more closely related to the living M. grnn-

rJifora (M.fatida of later authors) than any one previously described.

The svcaraores were also an important element in this flora. Of the

2 species described from the leaves and 1 from the wood, the one known

as riidaiiHs (/iiilh'Iiiue was especially abundant. It is found in nearly all

the Tertiary beds in the Park and is represented in the collections by nearly

200 examples. The species described as PJutanhnnm hugdeni is based upon

a trunk or branch 6 inches in diameter. It is most closely related to the

li\-ing Fhifdinis occidentalis.

Another important group is formed l)y 4 sj)ecies of Aralia. Of these,

Alalia iiotata was evidently one of the most abundant and imposing trees

of the whole flora. The collections contain over 100 examples, none of

which are entire, however, as some of the leaves must have been fully

3 feet in lenofh and more than 2 feet in width. A small leaf and one of

medium size are figured on the plates. Aralia ivhitnegi, a species common

to the Auriferous gravels of California, had striking 5 to 7 lobed leaves,

, often 1 foot in length. This species was not so abundant, judging from
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the fossil remains, as the former species, but it was ai)iiarently quite widely

distributed. Tlie other species had smaller 3 or 5 lol)ed leaves.

The family Lauracea^ Avas strongly represented by 5 genera, 11 species,

and a large numl)er of examples. The genus Laurus, which is now exclu-

sively an Old World group, was represented by 6 well-marked species. The

genera Malapoenna or Litsea and C-innamomum, otlier Old World forms,

were both represented, the former by 2 and the latter by 1 species. The

genus Persea, an extensive Old World genus, w^ith species also in tropical

America and the southern United States, was represented ^^\ 1 species,

which is closely related to a small tree now living in the South.

Another large and important group, now entirely ixnrepresented in the

Park, is the Fagacea*, emljracing 2 species of Fagus, 1 of Castanea, 11 of

Quercus, and 1 of Dr3"ophyllum. The Fagus here described is a beautiful,

characteristic leaf and was evidently rare, as only a few examples were

obtained. The Castanea, on the other hand, was very al^undant and

widely distril^uted Avithin the Park. The leaves are large, and as handsome

and striking as are the leaves of tlie living species. Tlie oaks, however,

were aliundant in species and usually in individuals, and all but 3 proved

to be new tr» science. Perhaps the most marked are Quercus yanceyi,

Q. cidvcrl, and Q. </ross/(lcj/tata.

The family Urticacea, which is represented in the living flora liv a

single rare herb (JJrtica r/racilis), was represented during Tertiarv times by

some 10 species of Ficus and a single more or less doiilitful species of

Artocarpus. Several of the hgures are represented b}' a large number of

si^ecimens—as, for example, Ficus densifoUa—Ijut most of them were rare, at

least as evidenced by the fossil remains. It is of great interest to learn, how-

ever, that the\- were once present in a region that has long since ceased to

support them. The curious leaf referred provisionally to Artocarpus is

also of much interest as indicating the possible presence of the bread-fruit

trees in this portion of the American Continent. Two unmistakable species

of Artocarpus have already been detected, 1 from the Laramie and Denver

beds of Colorado, and the other from the Auriferous gravels of California

and the Miocene of (Jregon. It is therefore not im])i-ol)alde.that this type

was in existence in the Yellowstone National Park during the early Tertiar}^.

The familv Leguminosa, now represented by a host of small herbaceous

plants, was then represented by 3 species of Acacia and 2 of Legu-
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minosites, Init the fossil forms are not particularly satisfactory. The forms

referred to Acacia consist of well-defined pods and are somewhat con-

ventionally regarded as representing the modern Acacia. No leaves were

obtained that could with satisfaction be held as representing the foliage

of these pod-bearing shrubs or trees. The 2 species of Leguminosites are

supposed to represent leaflets of some leguminous plant, but beyond this

it is not possible to venture.

The only remaining grouji of deciduous-leaved plants of any magni-

tude is the Sapindacete, with 5 species of Sapindus. One of these, Saj^iitchis

afflnis. is perhajis the most abundant form found among the Tertiary-

plants. The small characteristic leaflets are found in the greatest profusion.

The other species were less abundant.

The other forms that re(|uire mention are: Ulmus, 4 species; Acer,

at least 2 species; Celastrus, 3 species, and Rhannuis, Paliurus, Zizyphus,

Cissus, Pterospermites, Tilia, and Rhus, with a single species each.

The vascular crvptogams appear to have been a more prominent

feature of the flora during Tertiary times than at present. Of the 2 families

present, the Filices and Equisetacei*, the former is represented 1))- 10 and

the latter bv 4 species, while the living flora has liut (i ferns and 4 horse-

tails, all rare.

The ferns were evidently abundant. They lielong to 6 genera, and are

represented in several cases by a large number of specimens. The largest

genus is Asplenium, with 4 species. The species described as AspUuhim

magnum is one of the largest and flnest forms tliat has been detected out-

side of the Carboniferous. Asplenium iddingsi is also a large, well-marked

species. The genus Dryopteris, the old Aspidium, is represented by 2

species, both of which are rather rare. They are, however, both fruiting,

a condition of micommon occurrence among fossil forms. There is also a

beautiful Woodwardia, quite closely allied to a species now living in the

eastern United States, and flne examples of the widely distributed climbing

fern {Li/fjod'mm kmilfusii). The only living North American species (L.

palmatuin) is found from Massachusetts and New York south to Kentucky

and Florida, and is generally rare throughout its range. The other ferns

are an (3smunda and a delicate form referred provisionally to the genus

Devalha.

The genus Equisetum, although represented by 4 more or less satisfac-
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tory speeiess, was not abuiulant or particularly important. The most abun-

dant form {E. Ji((f/iii'i) is small and has umi-h the appearance ol' the living

E. I'ntiosiDii. The largest form (E. iiucrtKloi/fiiiii) is very rare. It was

al)OUt 3 cm. in diameter.

From ^\•hat has been presented, it is ol)Aious that the ])resent flora of

the Yellowstone National Park has comparatively little relation to the

Tertiary flora, and can not be considered as the descendant of it. It is also

clear that the climatic conditions must have greatly changed. The Ter-

tiary fl(ira appears to have originated to the south, while the present flora

is evidently of more northern origin. The climate during Tertiary time, as

made out by the vegetation, was a temperate or subtemperate one, not unlike

that of Virginia at the present time, and the presence of the numerous species

of Ficns would indicate that it even bordered on subtropical. The condi-

tions, however, that permitted the growth of this seemingly subtropical vege-

tation may have been different from the conditions now necessary for the

growth of these plants. Thus, the genus Dicksonia is at present a tropical

or subtropical genus, yet at least 1 species is distributed well into the tem-

|)erate region. If a. series of beds should l)e discovered in which there were

a large number of Dicksonias, it might be supposed to indicate tropical or

sulitropical ct)nditions: \et, as a matter of fact, these species may at that

time all have been so constituted as to grow in a temperate land, and the

genus as a whole nia\- have become tropical in recent times. Following

out this general line of argument, it may be said that while the Tertiary

vegetation of the Yellowstone National Park would, from our present

standard, be regarded as indicating a temperate or possibly warmer climate,

the actual conditions then prevailing may have been quite different. It is

certain, howeA'cr, that the conditions were very different from those now

prevailing.
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Tahh showiiHi the disti-ihiitioii of tin- Tcrtiarii plioils of the Yillon-aloiie Xatioiini Park.

Species.

Distribution in the Park.

Fort Union (Eocene).

l-gi X

O

eolata . sp .

.sp.

X

I

I

"Woodward i!i pn

Asplenimn idding.si ii. f

Asplenimu magnun d.;

Aspleniuin LTosum (Ls

Asplenium rcmotidens

;

Dryopteris weedii n.sp

Dryopteris xantbolitheusis n.sp

Derallia ? moutana n. sp

Lygodium kaulfiisii Heer^

Osiminda affiuis Ls

EquJsetum haguei n. sp

Equisetum lesquereuxi n.sp-

Equisetvim canaliciilatum n. 8p-..

Efjuisetum deciduura n. sp

Pinus gracilistrobus ii.sp

.

Pinus premxirrayaiia

Pinus macrolopis n. sp

Pinus sp

Pinna wardii n. sp

Piuus iddiugsin.p

Taxites olriki Heer

Sequoia couttsia' Heer

Sequoia langsdorfii (Brgt.) Heer.

.

Sequoia, rones of

Phragraites? latissima n.sp

Sparganiuni stygium Heer

Cyperacites aiigustior Al. Br. d ..

Cyperacites giganteus n. sp I

Cyperacites sp

Cyperacites ep

Smilax lainarensia n. sp

Musnphyllum complicatnra Lx

Juglans californica Lx

Juglana nigosa Lx

a The numbers refer to tbe beds in ^vbirli tbf plants T.Tere found.

h Cherry Creek, Oregon.

O to I —

X

Intermediate
{Miocene).
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Tahh' -slioiciiti/ the (listribntion nf the Ttriiarif plantfi of the Yellowstone National /'rtrA'^Coutinued.

Species.

Distributiou in the Park.

Fort Tuiun (Eocene).
Intermediate
(Miocene).

t-^l S

«5:

^-1
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TahJe .ihow'nKf the distrihnlion of the Tcrtinnj pJants of the Vellnirstonr Xutinnid Purk—('ontimu'd.

Species.

69. Dryoiiliyllmn luiitfipetiolatum n.

70.

X

SP

Ulmua pseudo-l'ulva .' Lx

71. Ulnius minima ? Ward
72. Ulmus rhamiiifolia? Ward
73. T'Imus, fruits of

74. Planera longifolia Lx

75. Ficus deforniata n. sp

76. Fie lis UDgeri Lx

77. Ficus sp

78. Ficus shastensis ' Lx

79. Ficus aordida Lx

80. Ficus deusifolian.sp

8L Ficus haguei u. sp

82. Ficus tilia-folia? Al. Br

83. Ficus asiminsefolia Lx
84. Artocarputi/ quercoides u. sp..

85. ilagnolia califoruica Lx
86. Magnolia spcctabilis ii. sp

87. Magnolia microphyila n. sp

88. Magnolia culveri n. sp

89. Magnolia? poUardiu.sp

90. Laurus priraigenia ? T'ng

91 . Laurus perdita n. sp

92. Laurus moDtana n. sp

93. Laurus ]iriiicepH Heer

94. Laurus californica Lx

95. Laurus grandi.s Lx

96. Persea pseiido-carolinensis Lx

97. Malapoeuiia lamareusisn. sp..

98. Malapoenna cnneata n. sp

99. Cinuauiomum spectabilis Heer

100. Platauus guillelnia' Gtipp

a Tlif numbers refer

Bistribution in the Park.

Fort Union (Eocene).
Intermediate
(Miocene).

X

X

O .Em

w . m

Lamar Flora
(Miocene).

Distributiou outside.

6

5

M. S. X

M.S. 3

3

3,5,6

3,5,7

12. 13. U.

1. S, 6, 7

to the beds in whicli the plants were found.

la. 18.

X ? D. L. X
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Tlie tir.st plants br(>u;^lit back t'roui this portion of the YeUowstoiie

National Park by the early Hayden survey parties were submitted to Prof.

Leu Lesquereux, and althouji'li few in numljer the specimens and species

were nevertheless sufficient to afford some indication of their age. Pro-

fessor Lesquereux regarded tlie plants from Elk Creek and vicinity as

indicating an Eocene age, and those from the well-known Fossil Forest on

the west side of the Lamar Valley as closely allied to those of the Aurif-

erous gravels of California,. It is a pleasure to state that this adumbration

has been aljundantly confirmed Ijy the results of more searching study of

a larger amount of material, but at the time this was outlined the facts were

so few that tlie suggestions were not regarded as conclusions, and as it was

before any careful detailed geological work had been done, these now clearly

detined horizons came to be grouped together under the somewhat non-

connnittal term Volcanic Tertiary.

Althouoh the g-eoloo-y of the reffion has been fully discussed by Mr.

Arnold Hague in Part I of this monograjth, it seems necessary, for the satis-

factory understanding of the [iroblems requiring solution, to set forth briefly

the geological features characterizing this portion of the Park which have

a direct bearing upon the remarkable flora found.

In the first place, all the material constituting the beds in which the

Tertiary plants are embedded is of volcanic origin. According to the geol-

oo-ists, this material may be divided into two distinct i)eriods of volcanic

eruption, which may be distinguished by their mineral composition.

The older series of these lavas has been designated as the early acid

breccias and flows, and the younger as the early basic breccias and flows.

Both these series of rocks carry plant remains. In general the matrix in

whicli the plants are preserved is a tine-grained ash, probably deposited as a

mud flow, with all the appearance of stratification and other indications of

water-laid deposits. Occasionally the material is much coarser and has the

nppearance of lireccias mixed with fine sediments. The acid rocks are

usually light in color—yellow, lavender, or gray—while the basic rocks,

wliich carry more iron, are darker in color—frequently some shade of green

or dark brown, passing over into black. In some instances, as might be

expected with fine water-laid lieds, the dei^osits in both series of lavas

closely resemble one another, while the great mass of lava of the two

bodies may be readily distinguished. The acid breccias, the oldest of the
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lava tldws, rest in many places upon the upturned edg'es of Archean and

Paleozoic rocks. In most instances the basic breccias either rest directly

upon the acid rocks or else the underlying rocks are not exposed. The
acid breccias are found on both banks of the Yellowstone River near the

mouth of Elk Creek, and near the junction of the Yellowstone River

with Hellroaring Creek, as well as on Crescent Hill and near the head

of I'ower Creek.

In the neighborhood of Lost Creek, and on the northern end of

Specimen Ridge, along the drainage of Crystal Creek, the basic breccias

are known to lie directly upon the acid breccias. In these localities the

flora has a character distinctly its own, and bears evidence of being younger

than tlie flora from the acid breccias. The basic series of rocks is typifled

at the Fossil Forest, and also at the cliff a short distance to the south and

east of the Fossil Forest. They occur also on the east bank of Lamar
River, between Cache and Calfee creeks. All of these localities are char-

acterized by their plant remains, and the following determinations of age

are fully warranted.

The table of distril)ution of Tertiarv' plants in the Yellowstone National

Park has been preparetl for the purpose of showing in a graphic manner
the distribution of the various plants within the limits of the Park and the

afilnities of those having an outside distribution. From this it appears that

the Tertiary flora consists of 150 more or less satisfactory species. Of
this number, 81 species, or over 50 per cent, are here described for the flrst

time. New species can not, of course, have the value in determining age

that previously described forms have, but when their general facies as well

as close affinities are taken into account, they also become of positive value.

On eliminating the 81 new species, together with 8 forms not specifically

named, there remain (51 species upon which we must depend in the deter-

mination of the ages of the various strata in which they are contained.

A further examination of the table brings out the fact that this flora

may be naturally divided into 3 more or less distinct subfloras or stages.

These three divisions are the older or acid series, the intermediate series,

and the basic or younger series. The first division (acid) has a flora of 79

species; the second (intermediate) a flora of 30 species, and the third (basic)

a flora of 70 species. It further appears that 23 species or forms are

common to two or more of the divisions.

MON XXXII, PT II 50



786 GEOLOGY OF TQE YELLOWSTONE NATIONAL PARK.

The flora of the older or acid series will be first considered. Of the

79 species, 42 are either new to science or not specifically named, leaving

37 species having a distribution beyond tlic limits of the Park. Following

is a list of these species:

Aspleuium erosiim (Lx.)- Uliiius rbam iii folia Ward.

Lygodium kault'usii (Heer). Ficus uugeri Lx.

Taxites olriki Ileer. * Ficus asimiiia'tblia Lx.

Sequoia couttsiie Heer. Laurus primigeiiia ! Uiig.

Sequoia laiigsdorfii (Bigt.) Ileer. Laurus princeps Lx.

Spargauium stygium Heer. Laurus calif'ornifa Lx.

Cyperacites angustior Al. Br. Laurus grandis Lx.

Musopliylhnn coiiiplieatuin Lx. Ciuiiamoniniii spectabilis Heer.

Juglaus rugosa Lx. Platanus guillehiKe Gcipp.

Juglans schimperi Lx. Legumiuosites cassioides Lx.

Myrica scottii Lx. Sapindus attiiiis Lx.

Populus glaiidulifera Heer. Sapindus aLatus Ward.

Populus speciosa Ward. Sapindus grandifolius Ward.

I'opulus dapbnogenoides Ward. Paliurus coloinbi Heer.

Salix Lavateri Heer. Zizyplius serrulatus Ward.

Fagus antipofli Heer. Tilia i)opuliiolia Lx.

Quercus consimilis Xewby. Aralia notata Lx.

Quercus olafseni Heer. Cornus uewberryi Hollick.

These 37 species have the following distribution: Five are found in the

coal-bearing Laramie, 5 in the Denvei- and Livingston, 17, or nearly 50 per

cent, in the Fort Union, 9 in the Green River group, and 11 in the Aurifer-

ous gravels of California. Of the species common to the acid rocks and

the Laramie at Denver and Livingston beds, not one is found exclusively in

these beds, but tliey are such species as Sequoia Umgsdorfii, Juglans rugosa,

Platanus gmUelmcB, and Juglans schimperi, which enjoy a wide geological and

geographical distribution.

The Fort Union element in this flora is a very important one ; in fact,

it may be called the dominant element. It includes at least 12 species that

have never before been found outsidt- of the type locality. Among these

. are Sparganium stggium, Populus speciosa, Populus daphnogenoides, Uhnus

ni'niima, Ulmus rliamnifolia, Sapindus affinis, Sapindus grandifoliolus, and

Cornus newherrgi. Some of these are represented by as many as 200 indi-

viduals, showing that they existed in great abundance, as tliey are also

known to have existed at the mouth of the Yellowstone. This abundance
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also makes their determination certain. Several other species, havino- a

wider distribution, are very abundant in these beds, such as Aralia notata,

which is represented by more than 100 specimens, and Sequoia langsdorfii,

which has a wide distribution, but is most abundant in this country in

the Fort Union beds. Sequoia coutfsice, having a somewhat wide i-ano-e, is

also very abundant in the beds under consideration and the Fort Union.

Besides these are a number of species that can not be mistaken, as Zizi)]^)hi!i

serrulatus, Taxites oJrih't, etc.

One species, Aspleniuin erosum, has been found in both Laramie and
Denver strata in C'olorado. It is represented by only 2 or 3 small and
more or less doubtful examples from the Yellowstone below Elk Creek.

JiujJans nujosa is a species of wide distribution and therefore of compara-

tively little value stratigraphically. It is found from the Laramie to the

Miocene, but is rare in the acid beds within the Park. Quercus olafseiii has

been found in the Laramie, but its determination in the Park depends on a

single doubtful fragment from the \ncinity of Elk Creek.

The species that have also been found in the Green River beds are

comparatively unimportant. Lijuodium kaulfusii is, in this country, a typical

Green River species. It is rare in the acid series, but abundant in the basic

series along the Lamar River. Musophyllum complicatuiii has never before

been reported outside of the Green River Ijeds. Ficus ungeri and TUia

popuVifolia are typical Green River plants, but are represented here by one
or two exaanples each.

The species found in the Auriferous gravels are the only ones remainino-

to be considered. Of the 1 1 species, Juf/hms rugosa, Quercus hreiveri, Salix

lavateri, and Quercus olafseni are ojien to doubt, as they are represented by
only one or two fragments each. Ficus asinnni(pfolia likewise depends upon
a single leaf, but it is a well-preserved one, and the determination is probably
correct. Aralia notata, another of the species, is very rare, if really found

at all, in the Auriferous gravels. The three remaining species are rela-

tively abundant, and there is little question as to the correctness of their

determination.

The species whose distribution lies beyond the limits of the Park
having been i)assed in review, it will be of interest to note the obvious

affinities of certain of the more important new forms. Thus, Aspleiiiuiii

remotidens is closely related to A. erosum, inn\. Drgopteris iveedii and D. xaittho-
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lithensis to Lastrea gold'Hinum, both of wliicli are aljuiidant in the Denver

beds of Colorado. Jiif/lans crescentia is rehited to J. i/if/clla, as identified by

Professor Ward in the Fort Union group. The beautiful new Pojmhis

xantJwlithensis is very close to P. (jenatrix of Newberry, from the Fort

Union group. Betula iddingsi is obviously related to B. prisca; Quercus

yanceyi to Q. lawnfoUa ; PJatanus montana to P. rni/noldsii ; Celastrus cnlveri

to C. ovatus and C. cnrvinervis ; and Sapindm (jrandifoHohides to 8. grandi-

folioliis, all of the Fort Union group.

From this evidence it appears that the flora of the eai-ly acid breccias

in the Yellowstone National Park finds its closest affinity with the flora of

the Fort Union group, and it is unhesitatingly referred to that age. The

relation of this flora to that of the Laramie is unimportant, being confined

to less than half a dozen species. Its relationship to the Denver and Green

River floras is naturally closer, but it forms only a small element of tliese,

as also with the flora of the Auriferous gravels of California. The relation,

as based on total numlier of species, is unimportant, but in the ujDper beds

it begins to show a transition.

It will be next in order to consider the intermediate flora. As already

stated, this embraces 30 species, of which nuniber 16 are confined to these

beds and 14 are distributed outside, either in the acid or basic series or

beyond the limits of the Park. A further analysis brings out the fact that

of the 16 species peculiar to tliese beds 13 are regarded as being new to

science, and of the 14 species found beyond the limits of these beds 5 are

new to science. This makes a total of 18 species that are regarded as new,

leaving 12 species having a distribution without the Park. Following is a

complete list of these 12 species:

Osmunda afflnis Lx. Laurus grandis Lx.

Sequoia laugsdorfii (Brgt.) Lleer. Platauus guillelmai Gopp.

Juglaus rugosa Lx. Elteodeudron polymorpbum Ward.

Ulmus minima Ward. Sapindus affinis Lx.

Ficus tiliii'folia Al. Br. Aralia notata Lx.

Laurus califoruica Lx. Aralia wbitneyi Lx.

Four of the species above enumerated {Sequoia langsdorfii, Juglcms

rugosa, Platanus gtiillebnce, and Aralia notata) have a wide distribution, being

found from the Laramie to the Upper Miocene, and are therefore of com-

paratively little value. One of the remaining (Osmunda affinis) is found in
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the Denver beds; 3 are confined to the Fort Union, and 6 species are found

in the Auriferous gravels of CaHfornia.

Of the 5 new species found in other beds, 2 are common to the older

or acid series and 3 to the younger or basic series. It therefore becomes

apparent that this flora, although reasonably distinct, tinds its greatest

affinity with the younger or basic series. This is shown by the species

common to tlie intermediate series and the Auriferous gravels and by the

new species common to the basic series. This is not especially pronounced,

and could hardly be made out for the intermediate flora as a whole, were it

not for certain species that come from rocks that are directly succeeded by

the basic rocks. For these reasons it was at first supposed that a part of

the localities represented belonged to the lower and a part to the upper

beds, but by combining several of these this intermediate flora was worked

out. But, as stated above, the rocks of this series that are known to be

the lowest bear a flora nearest to that of the acid rocks, and the rocks

known to be higher hold plants most nearly related to those of the upper

or younger beds.

It now remains to consider the flora of the liasic breccias and its

relationships. The typical locality for this flora is the Fossil Forest and

vicinity, including the locality on the east side of the Lamar River, between

Cache and Calfee creeks. This flora, as a whole, embraces 70 species or

forms, distributed as follows: 38 species new to science, 3 forms not spe-

cificallv named, and 29 species having- a distribution beyond the limits of

the Park. Following is a list of the species having an outside distribution:

Lygodium kaulfusii lleer. Ficus sordida Lx.

Sequoia langsdorfli (Brgt.) Heer. Ficus asiminwfolia Lx.

Juglans califoruica Lx. Magnolia califnriiica Lx.

Juglaiis rugosa Lx. Lauras califoriiica Lx.

Hicoria autiqua (Newby.) Kn. Laurus primigeuia? Ung.

Populus bal.samoides Gcipp. Laurus grandis Lx.

Salix variaus Heer. Persea pseudocarolinensis Lx.

Salix augusta AL Br. Platauus guillelma» (iiipp.

Salix elongata Heer. Ebus mixta Lx.

Corylus macquarryi (Forbes) Heer. Elteodendron polymorphnm Ward.

Quereus furciuervis americaua Ku. Sainiidus granditblius Ward.

Ulmus pseudo fulva Lx. Ehamuus rectiuervis Lx.

Planera longifolia Lx. Aralia notata Lx.

Ficus sUasteiisis ? Lx. Aralia whitiieyi Lx.



790 GEOLOGY OF THE YELLOWSTONE NATTOXAL PARK.

Of these 29 species, only 4 have been found in the true Laramie. These

are Jiiglans rngosa, Platanus giiillelnKB, Bhamnus rectinervis, and Biospyros

hrachysejiala, the last open to doubt. All of these species have a wide ver-

tical range and are consequently of little value in indicating age. The

affinities of this flora witli that of the Laramie may therefore be regarded

as unimportant.

The relationship of this ilora with the Fort Union, Denver, and Green

River groups is also relatively unimportant. There are 7 species found in

each of these groups, but none are confined to tlie Denver, and onh' 1 to

the Green River, and 3 to the Fort Union. The rest are of wide geograph-

ical and geological distribution.

The relationship of the flora of the basic i-ocks is clearly with that of

the Auriferous gravels of California, for no fewer than 17 of the 29 species

are common to the two localities, and 12 of the species are exclusively con-

fined to them. These ai'e such important species as Aralia whitneyi, Persea

pseudo-carolinensii;, Laurus californica, Lauras grandis, Magnolia californica,

Ficus sordid((, Jiighiiis californica, Rhus mixta, etc. Most of these are present

in numbers in the Park ilora, and there can therefore be no question as to

the correctness of their identification.

Besides the species above enumerated that have actually been found

common to the two localities, the numerous new species are in many cases

unmistakably related to species known only from the Auriferous gi'avels.

Thus, MagnoVia cidvcri is close to M. ccdifornica, and 3Iagi/olia spectabilis is

so close to M. lanceolata that Lesquereux so identified it. Other examjiles

might be given, but they are unnecessary. The preponderance of evidence

points to the similarity of age between the flora of the basic series and that

of the Auriferous gravels of California. The fixing of the exact age of the

Auriferous gravels is not a difficult matter. They were at first supposed to

be Lower Pliocene in age, but the latest evidence, derived from a more or less

complete restudy of the abundant flora, together with a thorough investiga-

tion of the stratigraphy, makes it reasonabl} certain that it is really Upper

Miocene. This is the view taken in the present instance, and this flora in

the Yellowstone National Park is referred to the Upper Miocene:

Asplenium iddingsii u. sp. Magnolia? pollardi u. sp.

Lygodium kaiilt'usii. Laurus primigenia? Ung.
Equisetuni canaliculatum a. sp. Laurus californica Lx.
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Eqiiisetnin (lecidnuni ii. s]>.

Sequoia laugsdorfii (Bigt.) Heer.

.luglans rugosa Lx.

Juglaus crescentia u. sp.

Castauea pulchella n. sp.

Ficns deusifolia u. sp.

Ficus asimiua'folia Lx,

Laurus grandis Lx.

Litsea lamareusis n. sp.

Platanus guillelmfe Gopp.

ELTOdendroii polymorphum Ward.

Sapiudus graiidifolioliis Ward.

Sapindus wardii u. sp.

Aralia uotata Lx.

Some of these species, as Lygodlum kaulfusii, Castanea pulchella, Laurus

grandis, Platanus guiUelmce, Sapindus grandifoliolus, and Aralia notata, are

important well-marked species that have weight in showing the close

relationships between the floras of tlie two series; but, on the other hand,

the perfect distinctness of the beds is shown by the fact that there are some

40 species that are confined to each horizon. It will not, therefore, be

difficult in future to determine the horizons of the various plant-beai'ing

beds within the Yellowstone National Park.

In order to show how remarkably distinct these three floras are, it will

be necessary only to consider the sj)ecies in common between them. As

already stated, only 23 forms out of the total of 147 forms are common to two

or more of the series of beds. It will not be necessary to present a complete

list of these species in common. The numerical results show that 8 forms

only are common to the three beds, 2 to the acid and intermediate, and 3 to

the intermediate and basic, and, finally, that 10 are common to the acid and

basic. When these facts are presented in connection with the total flora of

each series, the differences become even more marked. Thus, the lower or

acid series, with a flora of 79 species, has only 20 species common to the

others. Of these, 8 are common to all three beds, 2 to it and the interme-

diate beds, and 10 to it and the upper or basic beds. The intermediate

beds, with a flora of 30 species, have 13 species in common with the others.

Of these, 8, as above stated, are common to all three, 2 to intermediate and

acid, and 3 to intermediate and basic. The basic or younger beds, with a

flora of 70 species, have 20 species common to the others. Of these, it is

hardly necessary to rejjeat, 8 are common to all three, 3 to it and interme-

diate, and 10 to it and acid. These 3 floras are, therefore, shown to be

markedly distinct, and it will not be difficult to distinguish them in future.
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PLATE LXXVII.
Page.

Figs. 1, 2. Asplenium haguei n. sp. Wolverine Creek 655

3, 4. Trapa? microphylla Lx. Wolverine Creek 661

5. Sequoia LANGSDORFii? (Brgt.) Heer. Wolverine Creek 657

6. QuERCUS KLLLSIAXA Lx. Mount Everts 659

7-9. Paliurus minimus u. sp. Wolverine Creek 659

10. Viburnum KOTUNDiFOLiUM Lx. Wolverine Creek 662

11-15. Onoclea Mixi.MA n. sji. Wolverine Creek 656
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Fig. 1. DoMBEYOPSis TLATANOiDEs Lx. Mouut livcrts 6G1

2. ViHURXUM liOTUNDiFOLlu.M Lx. Wolverine Creek 662

3. Palurus zizyphoides? Lx. Wolverine Creek 660

4. Myrica holanderi? Lx. Mount Everts 658

5. Phragmites kalcata n. sp. Mount Everts 6.58

6. FRAXiNt:s UENTicULATA Lx. Mount Everts 662

7. Phyllites sp. Mount Everts 662

8,9. Viburnum kotuxdifoliu.m Lx. Wolverine Creek 662

796



U. S. GEOLOGICAL 6URVEV MONOGRAPH XXXII PART II PL. LXXVIlt

LARAMIE FORMATION.





PLATE LXXTX.

797



PLATE LXXIX.
Page.

Fig. 1. Woodwahdia rnK.AitE()i.ATA n.sp. Crescent Hill 665

2,3. Asi'LBNiUM lUDiNGsi 11. s]>. YellowstouB River below Elk Creek 666

4. Devallia? MONTANA 11. sp. Fossil Foiest 671

5-8. ASPLENIU.M MAOXUM 11. s]i. Yellowstniip River below Elk Creek 667

8a. Eularsjeil piiimiles of liy. 8 667
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Figs. 1,2. LYGODir>r KArLFUsii Heer. l.aiiiiu River 672

3. LYGomr.M kaulfush, fruit. Lamar Kiver 672

4,5. OsMUNDA AFFiN'i.s Lx. Hill above Lost Creek 673

6. ASPLEXir.M EROSU.M? (Lx. ) Ku. Yellowstone River below Elk Creek 668

7. Asi'LE.viu.M REMOTiDEXS n. sp. Yellowstone River below Elk Creek 669

8. DitYdPTKRLS WEEDii u. sp. Y'ellowstone River below Elk Creek C69

9,10. AsPLENiu.M IDDINGSI n. sp. Yellowstone River below Elk Creek 666

11. PiNUS MACROLEPI.S u. sp. Fossil Forest 679

12 PiNfs GRAClLlSTRoiiUS n. sp. Fossil Forest 676

»00



U. S. GEOLOGICAL SURVEV
MONOGRAPH XXXIl PART U PL. LXXX





PLATE LXXXI.

801

MON XXXII, VT n 51



PLATE LXXXI.
Page.

Fiii. 1. DiiYOi'TEKis ZANTiioi.iTHEXsi: u.sp. Fossil Forest 071

2. Dryopteris WEEDii n. sp. Yellowstoue River below Elk Creek 669

3,4. Equisetum iiAGTEi 11. sp. Hill above Lost Creek 674

."). Eqi'ISETLWI deciduum u. sp. Yellowstoue River below Elk Creek 676

6. Equisetu.m CAXALICULATUM n. sp. Yaut'e.Ys Fossil Forest 675

7. Equisetum CAXALICULATUM n. sp. Specimen Ridge 675

8. Sequoia sp. Fossil Forest 683

9. Magnolia? pollarui ii.sp. Fossil Forest Ridge 721

10. Magnolia? tollardi u. sp. Yellowstone River below Elk Creek 721
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Fic;. 1. Taxites oi.riki ileer . (jgo

2. Sequoia laxosdorkii (Urgt.) Heer 682

3. Taxites oleiki? Hiht 680

4. Taxites olriki Heer. Yellowstone River below Elk Creek 680

5. Pixrs premuhhaya-NA ilsji. East of Vdlowstone Lake -. 677

6, 7. Sequoia 8p. Fossil Forest 683

8,9. PiNUS iDDiNiisi u.sp. West ofDunraven 680

10. Cyperacites giqaxteus n. ap. Yellowstone Kiver below Elk Creek 684
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Fig. 1. MusopnYLLUM complicatum Lx. Cre-seent Hill 686

2,3. JUGLAN.s I.AURIFOLIA n. sp. Yanceys Fossil Forest 688

4. CVPERACITES sp. Fossil Forest 684

5. Phragmites? l.\tissima u, sp. Crescent Hill 683

6. C ypei!ACIte.s ? sp. Crescent Hill 68.5

7. HicoHiA CULVERI u. sp. Yellowstoue River below Elk Creek 691
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Page.

Fig. 1. POPULUS glanditlifki;a Heer. Yellowstone Hirer below Elk Creek 694

2. PoPULUS DAPHNOiiENoiDES Ward. Yellowstone River below Klk Creek G9o

3. PoPULUS .SPECio.'iA Ward. Yellowstone River below Elk Creek 694

4. Myrica WARi)ii-:i. sp. Fossil Forest 692

5. Myrica lamarensis ii. sp. Lamar River 693

6. Myrica scottii Lx. Yellowstone River Ijelow Elk Creek 692

7. HicORiA CRESCF.NTi A n. sp. Crescent Hill 690

8. JuGLANS CRESCENTiA n. sp. Crescent Hill 689
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PLATE LXXXV.
Page.

Figs. 1, 2. Populus xantholithensis n. sp. Yellowstone River below Elk Creek 695

3. Salix VARIAXS Heer. Lamar River 697

i, 5. Fagus Undulata n. sp. Yellowstone River below Elk Creek 700
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Fig. 1. PoPULUs iialsamoides? Gopp. Fossil Forest 696

2. Poi'ULUsf VIVARIA u. sp. Fossil Forest 696

3. CoRYLUS MACQUARRYi Heer. Fossil Forest 699

4,5. Betcla IDDINGSI n. sp. Yellowstone River below Elk Creek 698

6-8. Castanea pui.Chei.la n. sp. Fossil Forest " 702
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Figs. 1-3. Castaxea pulchella n. sii. Fossil Forest 702

4. QuERcr.s WEEDli 11. sp. Fossil Forest T05

5. Ql'EKCUS CULVEKI n. sp. Yellowstouc River below Elk Creek 708

6. QuERCUS CONSIMILIS? Ne\vl)y. YelloTrstoue River below Elk Creek 704

7. QiTERCUs Gi!0.s.siDENTATA II. sp. Fossil Forest - 704
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Fig. 1. QuERCUS? magnifolia n. sp. Yellowatone River below Elk Creek 704

2. Ulmus PSEUDo-FULVA? Lx. Laiiuir River 711

3,4. Ulmus, fkitits. Yellowstone River below Elk Creek 712

5. QUERCUS FURCiNERVis AMERICANA Kii. Fossil Forest - 705

6, 7. Dryophyllu.m longipetiolatum n. sp 710
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Page.

Fig. 1. Ficus densifolia n. sp TU
2. QuERCUS YANCEYi 11. sp. Yimce.vs Fossil Forest "07

3. Ficus sp. Yellowstone. River below Elk Creek 713

4. LEGUMINOSITE.S LESQIERUKXIANA Kn. Crescent Hill 730

5,6. I^EGUMINOSITES LAMAREX.sis n. sp. Lamar Elver 731

7. QuEnci'S sp. Yellowstone River below Elk Creek 707
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PLATE XC.
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Figs. 1, 2. Ficu.s densifolia n. sp 714

3. Ficus HAGUBi u, sp. Fossil Forest 715

4. Fraxims wiiiGHTii u. .sp 7.53
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Page.

Fig. 1. Ficos densifoi.ia n. sp 714

2. Ficus DEFORMATA n. sp. Yellowstoiie River below Elk Creek 712

3. Ficus UNGERi Lx. Yellowstone River below Elk Creek 713

4,5. Laurus PRiMiGENiAf Ung 722
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PLATE XCII.
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Fig. 1. AitTOCARPUS? qukrcoides n. sp. Yellowstono Rivor bolow Elk Creek 71(>

2-4. Malapobnna cunkata n. sp 72(!

5. Magnoija ci'LVERi u. sp. Lamar River 720
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PLATE XCIII.
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Figs. 1,2. Magnolia spectabilis u. sp. Fossil Forest 718

3. Laurus GRANDis Lx. Specimen Ridge 725

4,5. Malapoen.N'a lamarensis n. sp. Lamar River 726
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Figs. 1-5. Laurus perdita u. sp. Near Yanceys Fossil Forest " 723

6. CiXNAMOMUM SPECTABiLE Heer. Tower Creek 727
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PLATE XCV.
Page.

Fk;. 1. Laurus grandis Lx. .Specimen Ridge 725

2. Laurus MONTANA n. sp. Yellowstone River below Elk Creek 724

3. Laurus PRiNCEi's Heer. Yellowstone River below Elk Creek - 725

4. Persea pseudo-carolinensis Lx 725

5, 6. DiosPYRiis LAMARHNSis n. sp. Specimen Ridge 751
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PLATE XCVI.
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P'iG. 1. Platanus guillelm.-e Gijpp. Fossil Forest 727

2, 3. Platanus Montana n. sp. Hill above Lost Creek 728

4. DiosPYROS LAMARENsis u. sp. Lamar River 751

5. Malapoenna LAMARENSIS n. 8p. Lamar Kiver 726
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Fig. 1 . El.eodenijrox ^OLY.^roRPH^M Ward. Yancey Fossil Forest 734

2. AitcTOSTAriiYLos ELi-iPTiCA u. sp. Yellowstone Eivcr below Elk Creek 750

3. Celastrus ELLiPTici s 11. sp. Yellowstone River below Elk Creek 734

4. Celastrus culveri u. sp. Yellowstone Elver below Elk Creek 732

5. Platanus guillelm.!; Gopp. Yellowstone River below Elk Creek 727
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FlGS.1,2. Sapindus WAKiui D.si). Yellowstone River below Elk Creek 738

3. Celasthus iN.KiiUALis u. sp. Yellowstoue River belovr Elk Creek 733

4. Acer vivauium n . sp. Fossil Forest . 735

5. AcEn, FRUIT. Crescent Hill 736

(). Acacia la.mahknsis n. sj). Lamar River 730

7. Acacia wardii n. sp. Fossil Forest.. 730

8. Acacia macudsi'Ehma u. sj). Fossil Forest 72!)
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Fig. 1. Sapindus orandifoholus t Ward 737

2. Sapindus graxdifoliolus Ward 737

3. Akai.i A ^VIIIT^'EYI Lx. Fossil Forest Ridge 748

4. Ptekospeumites haguei 11. sp. Fossil Forest Ridge 742

5. Sapindus wardii u. sp. Fossil Forest - 738
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PLATE C.

Pnge.

Fig. 1. AkALiA notata Lx . Yellowstone Eiver below Elk Creek 745

2. Sapixdus GUAXDiroLioi.OiDES 11. sp. Hill above Lost Creek 738

3. DiosrvROS HAGUEi 11. sp. Yellowstoue Kiver below Elk Creek 752
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PLATE CI.

Fig. 1. Akalia wiiioirni n. sp. Fossil Forest 744

2. CissiTES HACUKi n. sp. Fossil Forest 741

3. Akalia skrrulata u. sj). Yellowatouo River below Elk Creek 747

4,5. ZizYi'HUS .SERUULATA Ward. Yellowstone River below Elk Creek 740

6. Credxeuia? PACiiYi'iiYLLA n. sp. Yellowstone Kiver below Elk Creek 742

7. Paiitrus CDLO.MBi Heer. Head of Tower Creek 740
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Figs. 1-3. Sapindt'S afkinis Newby. Yellowstone River below Elk Creek 736

i. Sapindis gkandifoliolus? Ward. Yellowstone River below Elk Creek 737

5. Phyllite.s CRASSiFoLiA u. sj). Fos.sil I'orest 753
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Fig. 1. PiiYi.LiTES cK.\ssiKOUA 11. sp. Specimeu Ridge Forest 753

'2. PiiYLLiTES sj). Yellowstoue River below Klk Creek 753

3. CaI'.pites PEDUXCI'LATUS 11. sp. Yello^Ystolle River lielow Ell; Creek 75.5

4, 5,. CORXU.S WRiGHTii 11. sp. Fo.ssil Forest 74;i

6. Couxis NEWBEKKYi HoUick. Yellowstone River lielow Elk Creek 749
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PLATE CIV.

SEQUOIA MAGNIFICA 11. sp.

Page.
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PLATE CV

Sequoia MAGNii'icA n. sp.
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PlTYOXYLON ALDERSONI 11. sp 763
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PiTVOXYLON AMETIIYSTINUM Q. Sp

854
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PLATE CVIII.
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PlTYOXYLON AMETHYSTINUM 11. Sp ''^l
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PlTVf)XYLON ALDERSOXI n. 9p 763
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Sequoia irAONiFiCA n. sp 761

Transverse sectiou tlirougU annual ring. Magnilied 100 diameters.
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Sequoia macnipic.v u. sp 7G1

Transverse .section tliiougU oue aumuil and two .smaller rings of growth. Magnified 100

diameters.
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PllYOXYLOX AI.DEHSONI 11. Sp 763

Transverse section in snuiiner \v 1, shdwiug large resiii passage. Magnified 100 diameters.
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PlTYOXVLON ALDEltSoNI 11. sp _..... 763

Lonnitiuliiial tniideutial section. Maguilifd lOd diauietei-.s.
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PiTYOXYLOX AMETll Y.sTlNTM 11. sp 764

Traiisserse sectiou ]i:issini; nearly tliriiiigli one niiiiiial riiii;'. Miiltiplied 100 diameters.
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PlTYOXYLOX AMETIIYSTINUJr u. Sp 764

Tr.iusVL'iso section tliruu.nU tail and spiiu^' wood, and sUowing larye resin du(?t. Jliignitied

100 diameters.
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PLATE OX VI.
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LaUUINOXYLON I'ULCHRUM U. B]i TOo

Longitudiual tangeutial section, showing \yooJ cells, luetlullary rays, and large duct.

• Magnified 100 diameters.
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PLATE CXA^II.
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Fiiis. 1-5. Sec ji'oiA :\r.V(:xiFiCA n. sp TUl

1. Tangential soctiou X i'O diiuiu'tiTS. .Shows AVt.od n-lls. medullary rays, and resin

tulie of short sciuare-walled cells.

2. Kadial section X 90 diameters. Shows wood ei-I]s, with a siu^lc series of pits, long

medullary rays, and resin tube with dark contents.

3. Radial section X 90 diameters. Shows wood cells in vicinity of annual ring, small

pits in one or two rows, iind medullary rays.

4. Radial section X 90 diameters. Shows annu.al ring, witli fall and spring cells and

medullary rays.

5. Tangential section X 90 diameters. Shows wood cells, medullary rays, and resin tube

with dark contents.
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Fi(is.l,2. PiTVOXVLON' AMETHYSTixtM 11. sji. Speciuieu Kidge 764

3,4. PiTYoxvLOx ALiJEHsoNi 11. .sp. Specimen Ridge 763

5. QUEKCINIIM LAiiAUEXSF. II. sp. Specimen Ridye 771

6,7. RiiAMNACiN'H'M UAiiiA'i'UM Felix. Specimen Rifliie 769

1. l\'adi:il section x 90 iliami-ters. Sliows wood cells with single row of pits, and

spring and fall wood; also mednllary rays.

2. Tangential section x 91) diameters. Shows the long wood cells and short mednllary

rays.

3. Radial section X 90 diameters. Shows wood cells with a single row of pits.

4. Transverse section through annual ring, x 90 diameters.

r>. Transverse section X 320 diameters. Shows the fall and spring wood.

6. Transverse section X 90 diameters. Shows mednllary rays of short lells, thin- walled

wood cells, and scries of ducts.

7. Tangential section X 90 diameters. Shows wood cells, iiieilnllary rays, and dotted

ducts.
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Fi<;. 1. RiiA.MXACiN'iuji itAhiATCTM Fi'lix. Spc-cimen Kidgc 709

2. PiTVoXYi.ox ALDEusoxi u. sp. Specimen Eulge 763

3-5. Lairixoxyi-on ruLCHUUM u. sp. Fossil Forest 71)3

1. Radial section X 90 diameters, sliowiug -wood cells, medullary rays of abort cells, and
larije ducts.

2. TraM8\'erse section x 320 diameters, pa.ssiug through au auuual ring.

3. Radial section x 90 diameters, showing narrow wood cells, large plate ol' nicduU.ny rays

of short cells, and large dotted ducts.

4. Radial section of reolaril'orni duct X 320 dianu-ters.

5. Radial section of dotted duct X 320 diameters.

M7»



U. S. GEOLOGICAL SURVEY
MONOGRAPH XXrll PART II PL- CXIX





PLATE CXX.

879



PLATE OXX.
Page.

Fiii. 1. Laukinowlon I'l'Lciiiu'M II. s;!. Fossil Forest 765

2. Qvei!cixu':m i.amarexse n. sp. .Speciiiieu Ridge 771

3-.5. Pi.ATANiNirM HAYDENi Felix. Specimen Kiilge 7(i7

1. Transverse section x OOdianu'ters, showing wood cells of two kinds, niednllary r;iys, and

large dncts.

2. Trau8Ver.se section X 320 diameters, tbrongli duct.

3. Tangential section x W diameters, showing wooil cells, scalaritbrm dncfs, and very large

medullary rays.

4. Transverse section X 90 diameters, showing short-eelleil niednllary rays with black cell

contents, wood cells in vicinity of animal ring, and nnnn'rons large dncts.

5. Kadial section x 90 diameters, showing narrow wood cells, numerous ducts, and short-

celled medullary rays.
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Fii;s. 1,2. QfEiiCixiUM LAMARENSE 11. sp. Specimen Riilge 771

3, 1. Smii.ax lamarexsis 11. sp. Lamnr River 7!S5

1. Transverse section X 90 diameters, sliowiug- tbicli-wiiUed wood cells, imiueiise ducts,

and usually siDgle-celled medullary rays.

2. Tangential section x 90 diameters, showing wood cells, and large and small medullary

rays.
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