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THE CRETACEOUS FORMATION OF THE BLACK HILLS
AS INDICATED BY THE FOSSIL PLANTS,

By LEster F. Warp,

GENERAL REMARK.

The Black Hills are an object lesson in geology. An isolated spur
or outlier of the Rocky Mountains, but separated from the main range
by valleys and plains of considerable width, they scem to stand alone
as a landmark of the Great Plains, presenting from a distance a dark
and frowning aspect, which has given them their name, Their elliptical
form, the granitic nueleus of the central portion, and the series of suc-
cessively higher formatious that concentrically surround this nucleus,
imbrieated over one another and stretchin g away in all directions with
diminishing dip, have been too often deseribed to require redescription
here,

The history of the discovery of the Black Hills has also often been
written and need not bhe repeated, and we are therefore in condition to
proceed directly to the consideration of {le specific problems in hand,
and may confine our attention almost exclusively to the one formation
named in the title of this paper, viz, the Cretaceous. Indeed, the limi-
tations of our subject enable us to leave out of account that part of
the Cretaceous formation itselt which has received the largest amount
of attention from other writers, viz, the marine shell-bearing deposits
which oceupy its upper portion. These, not having thus far vielded any
fossil plants, will be treated in this paper only in relation to the lower
beds, and we are restricted to those deposits which lje between the Fort
Benton shales above and the marine shell-bearing Jurassic formation

below.

I, HISTORY OF OUR ENOWLEDGE OF THE CRETACEOUS OF
THE BLACK HILLS,

The great exploring expeditions of Lewis and Clark, 1804-1806 ; of
Maximilian, Prince of Neuwied, 1832; of N icollet, 1839; and of Audu-
bon, 1843, which so enriched our knowled ge of the Great Northwest,
all followed the valley of the Missouri River so closely as not to pene.
trate the Black Hills, and only vague mentions are to be found in the
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H28 CRETACEOUS FORMATION OF THE BLACK HILLS.

reports of these expeditions of a dark object looming up in the distance.
But it was otherwise with the important expedition with which the
name of John Jacob Astor is so intimately connected and which has
been made famous by the eloquent pen of Washington Irving.! This
expedition was made in 1811, under the immediate direction of Mr.
Wilson P. Hunt. Its object was entirely mercantile and not at all
scientific, yet many of the facts that were recorded in Mr. Hunt’s
notebook and by other members of the party and worked into the nar-
rative twenty-five years afterwards, have a true seientific value—even
to some extent a geological value. It is at least true that the exploring
party left the Missouri River at the mouth of the Cheyenne, followed
that river up some distance, crossed over to the valley of the Little
Missouri, and from there skirted the northern limits of the Black Hills
proper, and passed on to the Big Horn region. The greater part of the
narative is taken up with descriptions of the mountains, the native
Indians, and the wild animals that were met with. But soon after
leaving the Missouri River the party encountered a fossil forest, which
is deseribed in the following terms:

These plaing, however, had not always been equally destitute of wood, as was evis
dent from the trunls of trees which the travellers repeatedly met with, some still
standing, others lying about in broken fragments, but all in a fossil state, having
flourished in times long past. In these singular remains the original grain of the
wood was still so distinet that they could be aseertained to be the Tuins of oak trees.
Several picees of the fossil wood were selected by the men to serve as whetstones.

There is no probability that these fossil trunks belonged to the Cre-
taceous formation, certainly not to the Lower Cretaceous, and they were
probably the same as those now known to exist in the valley of the
Little Missouri, especially in the vieinity of Gladstone, which are usually
referred to the FFort Union group. '

The approach of the party to the Black Iills is graphically deseribed:
but there is so much that is fanciful in the deseription that the scientific
man must depend upon his own judgment as to what the facts were
upon which these high-sounding accounts were hased. To those who
are aequainted with that country now it is not difficult to do this, and
therefore the following deseription, perhaps fhe first that was ever made
of the Black Mills, still possesses a scientific interest independent of
the classie language in which it is couched:

The Black I1ills are chiefly composed of sandstone, and in many plages are broken
into savage eliffs and precipices, and present the most singnlar and fantastic forms;
sometimes resembling towns and castellated fortresses. The ignorant inhabitants of
plains ave prone to clothe the mountains that bound their horizon with fancitul and
superstitions attributes. Thusthe wandering tribes of the prairies, who often hehold
elonds gathering round the snmmits of these hills, and lightning flashing, and thon-

der pealing from thew, when all the neighboring plains are serene anil snnny, eon-
sider them the aboile of the genii or thunder spirits, who falricate sforms and
1 Astoria, or Anecodotes of an Enterprise beyond the Rocky Mountains, by Washington Irving, in
two volumes, Philadelphin, 1836,
2 Loc. eit., Vol. L., p. 246,
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tempests. Onentering theirdefiles, therefore, they offen hang offerings on the {rees
or place them on the rocks, to propitiate the invizible “lords of the monntains,” and
procure good weather and suceessful hunbing: and tliey attach unusual significance
to the echoes which haunt the precipices. This superstition may also have arisen,
in part, from a natural phenomenon of a singnlar nature. In the most calm and
serene weather, and at all times of the duy or night, snecessive reparts are now and
then heard among these mountains resembling the discharge of several picces of
artillery. Bimilar reports were heard by Messrs. Lewis aud Clarke in the Rocky
Mountains, which they say were attributed by the Indiuns to the hursting of the
rich mines of silver eontained in the hosom of the wonntains,!

There is probably considerable literature relating to the Black Hills
which antedates the middle of the present century, resulting from vari-
ons hunting aud trapping expeditions and to some extent from early
attempts at settlement of the country around their base; also from
occasional gold hunting and prospecting parties that penetrated some
distance into the interior. But snech literature, if' it exists, must be
contained in the popular journals and newspapers and could scarcely
be found by the most systematic search. Tbe only mention that I have
met with belonging to this class is one which very intimately concerns
the subjeet of this paper, and is, upon the whole, somewhat remark-
able. It is contained in the prose writings of Edgar Allen Poe, and
occurs in The Thousand-and-Second Tale of Scheherazade. The poet,
as all know, was in the habit of supporting much of his imagery
by means of footnotes, purporting to be drawn from facts, and often
embodying true scientific information. In this eharacteristic produe-
tion occurs the following paragraph:

Leaving this island, we eame to another where the forests were ol solid stone, and
go hard that they shivered to picces the finest-tempered axes with which we endeay-
ored to ent them down.

To this statement he appends a somewhat elaborate footnote, describ-
ing three fossil forests. One of these is in Texas, and the description
is credited to Kennedy; another is the eelebrated fossil forest near
Cairo, in Egypt, of which he takes a rather extended account from the
Asiatic Magazine. Following the first of these accounts by Kennedy
and preceding the longer one relative to the Hgyptian forest, he inter-
polates the following brief but highly significant paragraph :

This aceount, at first discredited, has since been corroborated by the discovery
of & compleﬂ"l.‘}' petrified forest wear the head waters of the Chayenne, or Chienne
River, which hag il source in the Black Hills of the Rocly ¢hain,:

It may never be known when, where, or how Poe came into possession
of the data for this statement, but it seems altogether certain that the
fossil forest referred to is none other than the one that T visited in 1893,
in company with Professor and Mrs, Jenney, and from which the speci-
mens of wood were eollected which are further mentioned in this paper
(infra, pp. 552, 642).

1 Toe, eit., Vol. I., p. 235,

2 The Worksof the late Edgar Allan Poe, with Natices of TIis Life anidl Gienius, by N. P Willis,J. R,
Lowell, and R. W. Griswald; in two volumes; Vol 1, Tales, New Yark, 1850, p. 1849,

19 GEOL, PT 2 34




530 CRETACEOUS FORMATION OF THE BLACK HILLS.

Our knowledge of the Black Hills, in so far as it is based on scientific
reports, all bears a later date than any hitherto quoted. The important
expedition of Lieutenant Warren, made in the year 1855, did not reach
the Hills proper, for, as he says, “The routes traversed led over the
Great Plains between the Missoari, the Platte, and the Shyenne, and
nowhere entered the mountains.” But the party was in full view of the
Black Iills, and Lieutenant Warren makes the following remark with
regard to them: #“The Black Hills of Nebraska are believed to be com-
posed of primitive roek, and are the eastern portion of the great
mountain belt.” Dr. Hayden accompanied this expedition, and his
report follows that of Lieutenant Warren. A map accompanies the
report, showing mueh more fully than had any earlier map the numer-
ous streams that have their origin in the Black Hills. Many fossils
were colleeted on this expedition, some of them Cretaceous, which were
fully deseribed by Hall and Meek.?

This was the first of a series of similiar expeditions conducted by
the United States Army, each of which made new inroads into the
unexplored country. The report of the Secretary of War in 1858 con-
tains Lieutenant Warren’s later results, ineluding expeditions in 1856
and 1857.° In {hese reports Lieutenant Warren gives a historieal
account of the whole country explored. The Black Hills were pene-
trated from the south as fur as Inyankara, where the expedition was
obliged to return on aceount of hostile Indians aund insallicient force.
Besides giving a tolerably elear description of the geographical posi-
tion of the Black ITills, Lieutenant Warren makes a number of allusions
to the geology, in which the Cretaceous formation is recognized.

Dr. Hayden accompanied each of the expeditions, and his report
(pp. 676-747) constitutes the lirst really scientific contribution to the
geology and natural history of the Black Iills, The section of the
Cretaceous, however, given on page 681, does not come from the Black
Hills, but from points near the Missouri River. Nevertheless, in view
of its early date, it may be worth while to quote so mueh of it as refers
to formation No. 1, afterwards known as the Dakota group:

Yellowish and reddish friable sandstone, with alternations of dark and whitish
clays. Seams and Deds of impure livnite, fossil wood, impressious of dicotyledonous
leaves; Solen, Pectunenius, Cyprina, ete,, Lower Crotaceons.

The reference to fossil wood and lignite is significant, as is also the
expression “ Lower Cretaceous,”

Fossil plants were collected from this horizon and referred te Dr.
Newberry, who did not, however, determine them specifically, but
referred them to thirteen genera, several of which are extinet, Two

'Explorations in the Dacota Country in the Year 1855, by Lieut. G. K. Warren; Whashington, 1856,
Senate Ex. Doe, No, 76, Thirty-fourth Congress, fivst session.

2Mem. Am. Acad. Arts and Sei., new series, Yol, V, 1851, pp. 3784

4 Mossage from the President of the United States to the two Honses of Congress st the Commenoe-
ment of the Second Session of the Thirty-fifth Congress; Vol. IT; Washington, 1858. House of
Representatives, Ex. Doc, No.2, pp. 6201, 67141
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of these genera, Credneria and Lttingshausenia, are characteristic of
the Cenomanian of Europe, and from these and other facts Dr. New-
berry argues that the beds ¢an not be Triassic, but must be Cretaceous
(zee pp. 683-684).

These several reports were republished verbatim in 1875,

By permission of the Secretary of War Dr. Hayden published cer-
tain of these results in the Proceedings of the Academy of Natural
Sciences of Philadelphia for 1857, and with the assistance of Mr, F. B.
Meek, who determined the molluscan remains, he considerably extended
these observations in a paper immediately following the last.®

In the first of these papers, speaking of formation No. 1, as seen near
the mouth of the Judith River, Dr. Hayden says:

Although the formation of which T am about to speak has already revealed many
important facts, the organic contents of its strata differ so materially from those .;f
any other with whieh T am acquainted in the Northwest, that we are nualle to fix
with certainty its position in the geologieal seale (p. 116).

The second paper contains considerable introductory matter of a
geological character, with sections of the various strata in which the
fossils were found.  Onpage 128 is given a vertical section of the entire
region, from the Carboniferous to the Miocene. The description of Cre-
taceous No. L is identical with the one already quoted, except that in
place of the words “Lower Oretaceous” the following is substituted:
¢ This bed is not positively known to belong to the Cretaceous system.”

On page 125 the authors make the following important statement
relative to their formation No, 1+

The deposits above allnded to(at the mouth of Judith River) as prohably on a par-
allel with beds seen near the month of Big Sioux River on the Missonri—florming
No. 1 of the Nebraska section—are characterized, as stated in one of our former
papers, by i group of fossils remarkably distinet from those ocenrring in any of the
higher Northwestern formations, and theve remains some doubt as to whether or not
they are older than Cretaceons. The presence of the genus Baeulites would seem to
establish the fact that they belong to the Cretaceons epoch ; while the oceurrence in
{he same hand specimens with these remains of Bacelites, of a species of Hettangia—
a genus of bivalves, not known to ocenr in the Old World in newer formations than
the Lias—would, on the other hand, indicate that tliese beds are older than Creta-
eeons. Wor the present, however, we express no decided opinion on this point, hut
content ourselves with the remarlk that we are inelined to think that they hold a
position near the hase of the Cretaceous system and are probably on a parallel with
the Neocomian of the Old World, thongh they may be older.

VEngineer Department, U, 8. Army.  Preliminary Report of Bxplovations in Nebraska and Dalkota,
i e Yoears 1855-'50-"57, by Lieuf, G, K. Warren. Reprint. Washington, 1875, pp. 1-125, 1 map.

2 Txplorations nnder the War Department; notes explinatory of a wap and seetion dlustrating
the geologieal strneture of the country bordering on the Missonri River, from the mouth of the
Platte River to Fort Benton, in lat. 472 30° N, long. 110° 30’ W, by F. V. Hayden: Proc. Acad. Nat.
Sei., Phil,, Vol, LX, 1857, Philadelphia, 1858, pp. 108-118.

3Deseriptions of Now Species and Genera of Fossils, collected by Dr. T, V. Hagyden in Nebraska
Territory, under the dircetion of Lieut. . K. Warren, U. S. topographical engineer; with some
remarks on the Tertinry and Oretaceons formations of the Northwest, and the parallelisim of the latter
with thase of other portions of the United States and Territories, by ¥. B. Meek and F. V. Payden;
loe. dit., pp- 117-148.
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Furthermore, under the head of *Conclusions,” on page 133. they Sy :
5 3 pag 3 v 8ay

Although the weight of evidence thus far favors the conclusion that this lower
series is of the age of the lower Gireen Sand, or Neocomian of the Old World, we yet
want positive evidence that portions of it may not be older than any part of the (‘re-
taceous system.

In a subsequent paper, published one year later,! the same anthors
extend these considerations to inclnde their researches in the Black
Hills, and this may be regarded as the first seientific treatment of the
geology of the Black Hills. Relative to their formation No. 1, they say
in this paper:

1t will e remembered, we have in all our published papers, when speaking of that
portion of the Nebraska section composing No. 1, expressed donbis respecting its age.
We placed it provisionally as the basis formation of the Cretaceons series, but at the
same time stated it was not positively known to belong to the Cretaccous system
(p. 44},

They proceed to reproduce the passage last quoted, and add:

Although we have little divevt additional evidenece at this time in regard to the

age of this series, as we have always understood it, we now know that from beneath
its lower heds, around the base of the Black Hills, there rises a series of very similar
strata, as may be seen by the foregoing section, separated from its base hy no well-
marked line of demareation, and containing many fossils closely similar to those
considered characteristic of the Jurassic system of the Old Weorld, At the same
time we have failed to recognize amongst these fossils any forms peculiar to the
Cretaceons epoch, or even very nearly analogous o species common in roeks of that
age, :
Inasmucl, however, ag numerous leaves beyond a donbt belonging to dicofiyledon-
ous trees, clogely analogous to the oaks, willows, and other existing forest trees, are
knowi to oecur in No. | along the Missonri, near the Big Sious, and in northeastern
Kansas, and we have a Baculite from similar heds, apparently of the same age, near
the mouth of Judith River, on the npper Missouri—while we also lesrn from the
letiters and notes of our deceased friend, Mr. Henry Pratten, that he saw a species
of Baeulite in formations presenting the same characters, and seeming to eceupy the
same posifion, along the Platte above Fort Laramie, we think we hazard little in
viewing at least a considerabls portion of No, 1 as belonging to the Cretaceons
system,

Another fact favoring the opinion that No.1, even down as low a8 we have pro-
visionally carried it in the Black Hills section, probahly helongs to the Lower Cre-
taceons, is the ocenrrence at its base of a hed containing Admmonites and OMrm,
along with Unio, Pienorlis, and Paluding; an association of fossils which, in that
position, carries the mind rather to the Wealden than to older formations.

The oceurrence of these forms at this horizon also leads us to suspect that a con-
siderable portion of the estnary beds at the month of Judith River, above Fort
Union, in regard to the age of which we Lave heen so mueh puzzled, may be, as
{ivst enggested by Dr, Leidy, a representative of the Wealden, and, as we were then
inclined to suppose, helong to our No. 1.

Since we know that there is a similar group of beds at the hase of No. 1, a8 we

! Descriptions of New Organie Remuins collectod in Nebraska Tervitory in the year 1857, by D F.
V. Hayden, Gealogist to the Hxploring Expedition under the command of Lieut. G, 1T, Warren.
Tap. Eng. T. 8. Arvwy, together with some rémurks on the Geology of the Black Hills and portions
of the surrounding country, by . B. Mesk and F. V. Hayden, ibid,, Vol. X, Philadelphia, 1859,
P A1-58.
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now understand if, near the Black Hills, containing a mingling of fresh-water and
marine fossils, although we ave not sure any of them are specifically identical with
those found near the Judith, we are inelined to think our first views in regard to
these Judith River formatious will prove to be correct, or in other words, the heds
from which the saurian remains deseribed by Dr. Leidy were obtained, will yet
prove to be a part of the series we include in No. 1 of the Blaclk Hills section. This
view receives additional support, too, from the fact that the Judith River fresh-water
or estnary formations were often seen mueh upheaved and distorted, while around
the Black Hills the Tertiary deposits appear to lie undisturhed upon the upheaved
older rocks, in such a manner as to indieate that the last period of disturbance
among the strata of this region occurreld after the close of the Cretaceons epoch,
but previons to the deposition of the Tertiary (pp. 45, 46).

From all this it is perfectly clear that both Meek and Hayden origi-
nally regarded the Dakota group as true Lower Cretaceous, i. e., as
lying below the Cenomanian of Kurope. Their argnment seems to
have been in the main in the direction of proving that it could not be
lower than Cretaceous, i. e., that it could not be Jurassie or Triassic,
It is true that the fossil plants, as already indicated by Newberry,
pointed to a Middle Cretaceous age, and not long afterwards quite
large collections of plants were made and studied by Heer and others,
who were disposed to place the beds still higher.

Buf it is also true that the determinations of Meek, Hayden, and
Leidy, based entively on the scanty animal remains, and pointing to the
Lower Cretaceons, Neocomian, or Wealden, related to beds in which
there were very few ift any vegetable remains, and which lay below the
plant-bearing horizon. The plant beds consist of dark brown, Lighly
ferruginous sandstone, often becoming clay ironstone, and these still
constitute the typical Dakota sandstone. Now the lower heds holding
the animal remains do not conform to this description, but are rather
light colored, coarse sandstones with only oceasional yellow ferruginous
bands. They have a considerable thickness, and there is no antecedent
improbability in their belonging to a lower horizon.

The next important paper was published four years later by Dr,
Hayden,' but was read July 19, 1861, and is little more than a re-
elaboration of the subjects treated in the papers already quoted
from. In this.paper Lir. Hayden continues to vefer to No. 1 as Lower
Cretaceons.

Dr. Hayden accompanied, as geologist, the expedition in charge of
Col. William I'. Raynolds to explore the head waters of the Yellowstone
and Missouri vivers, in the years 1859 and 1860, His report was long
delayed, but appeared in 1869. This expedition did not, of conrse, pur-
port to explore the Black Hills, nevertheless they were entered at vari-
ous points and are dealt with more or less extensively in this report.

1On the Geology ani Natural History of the Upper Missouri: Trans. Awm. Phil. Soc., Vol. XTT,
new sories: Philadelphing 1863, pp. 1-218, 1 map.

2(jeological Rteport of the Explovation of the Yellowstons and Missouri rivers, by Dr. . V. Hayden,
nunislmn.,- under the direetion of Capt. (now Lieut, Col. and Bvt, Brig. Gen.) W. F. Raynolds, Corps
of Engineers, 1859-'60; Washington, 1869,
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One paragraph relates exclusively to Dakota No. 1, and has more than
usnal interest in the present connection :

In the vicinity of the Black Hills, as well as in several other loealities, which will
be alluded to hereafter in their proper places, are a series of doubtful beds, between
the well-marked Jurassic and the Cretaceouns. These rocks are quite variable in
their character, sometimes composed, for the most part, of a loose material, clays and
grits; again of compact coneretionary sand or limestones. But few organie reinains
have as yet been found in these heds, althongh the most dilizent search has heen
made, and those are quite nneharacteristic, so that their position remains in doubt,
[ have therefore ventured to eall them beds of transition, or passage between the
close of the Jurassic period and the dawn of animal life in the Cretaceous. The
locality where the following section of these donbtful beds was taken is near the
source of the Little Missonri, upon the northeastern side of the Black Hills (pp.45-16).

A section of the beds follows in harmony with this statement.

Dr. Hayden continued his explorations duriu g the subsequent years,
and in 1867 was begun the series of official reports made by him as
Geologist in Charge of the United States Geological Survey of the Ter-
ritories. The first of these annual reports, which related to the Terri-
tory then embraced in Nebraska, was for the year 1867, Only a small
edition of this report was published at the time, and the same is true
of the two subsequent ones for 1868 and 1869; but in 1873 these three
reports were republished in a small volume, and it is in this form that
they are now usually quoted,! TIn the first of these reports the Black Hills
are scarcely treated, but the general section is reproduced unchanged
from earlier publications. In the report for 1868 the Black Iills receive
special treatment; their geographical position is carefally indicated, and
their topographic features deseribed. The geology is also dealt with,
and the following passages should be specially noted :

The geological structure of the Black Hills may be mentioned briefly in this con-
necbion. The nucleus or central portion is composed of ved feldspathic granite,
with a series of metamorphic slates and schists superimposed, and thence upon each
side of the axis of elevation the varions fossiliferons formations of this region follow
in their order to the summits of the Cretaceous, the whole inelining against the
granitoid vocks at a greater ov less angle. There seems to be no uncon formability
in these fossiliferous roclks from the Potsdam inclusive to the top of the Cretaceons,

From these facts we draw the inference that prior to the clevation of the Bluel
Hills, which must have ocenrred after the deposition of the Cretaceous rocks, all
these formations presented an unhroken continnity over the whole ares oceupied by
these mountains. This is an important conclusion, and we shall hereafter see its
application to other ranges, and also to the Rocky Mountain Range taken in the
aggregate (pp. 69-70),

In the report for 1869 Dr. Hayden goes more fully into the geologieal
formation, and this report throws great light on the position of the
lowest Cretaceous beds:

I believe that a thin remnant of this belt extends far south to New Mexico, but if
is often so obsenred, or so easily eoncealed, that I have heen continually in doubt in

! First, Seeond, ad Third Anneal Reports of the United States G oological Survey of the Territories
for the Years 1867, 1868, and 1860, under the Department of the Interior; Washington, 1873,
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regard to its existence. Coextensive with all the mountain ranges is a large series
of beds above the Jorassie belt whieh belong to the Cretaceons period, the upper
and middle portions of which are everywherse indieated hy characteristie fossil
remains, as seen on the Missouri River, where they were first studied by Mr. I, B.
Meek and the writer. The Cretaceons rocks present five well-marked divisions,
Nos 1,2,3, 4, and 5, or Dakota group, Fort Benton group, Niobrara division, Fort
Pierre group, and Fox Hill beds. On the Tower Missouri No. 1, or Dakota group, is
characterized by several species of marine shells and a profusion of impressions of
deciduous leaves; but along the marging of tlhie mountain elevations I Lave never
been able to diseover a single specimen of organic remains that wonld establigh (he
age of the rocks, T only know that there is nseries of Tieds of remarkable persist-
ency all along the margin of the mountain ranges, holding a position between well-
defined Cretiaceons No. 2 and Jurassie beds, and in my previons reports I have called
them transition beds, or No. 1. They consist ol a series of layers of yellow and gray,
more or less fine-grained sandstones and pudding stones, with some interealated lay-
ers of arenaceous elays, In &_hnnst:lll cases there is asseciated with these bedsh-.u
thin series of earbonaceous elays, which sometimes becomes impure coal, and con-
tains magses of silicilied wood, ¢te.  On the wesrt side of the Blaclk Hills they assume
4 singularly massive appearance, nearly horizontal, 200 to 250 fect thick, and are
called Fortifieation Rocks.  Here also oceurs o thin bed of carbonaceous clay, On
the eastern slope of the Big Horn Mountains I observed this same series of heds in
the summer of 1859, holding a position belween Cretaceous No, 2 and the Jurassio
marls, with a considerable thickness of earthy lignite, large quantities of petrified
wood, and numerons large uncharacterigtic bones, which Dr. Leidy regarded as
belonging to some huge sanrian,

There are very tew points of resemblance between these beds and those which
form the Dakota group, as seen in Kansas and Nebraska.

All the evidence thercfore that T have had to guide me in regurd to these beds
along the margin of the mountain ranges has been their position (pp. 115-114),

Dr. Hayden’s reports for the years 1870-1873 relate chiefly to the
Great Plains and other parts of the Western eountry, and we find no
additional matter bearing direetly npon the Black IHills until the
appearance of Captain Ludlow’s report of the military expedition of
1874, which again penetrated this vegion. The geologist of this
e:&peditiﬂrl was Dr. N, . Winehell, and his report follows immediately
that of Captain Lndlow.!

Professor Winchell gives numerous sections of the strata of the Black
Hills at different points, but is very cautious with regard to their cor-
relation with other beds, and T find no indieation that he differs from
the views expressed by Dr. Hayden with regard to the position of the
Cretaceous strata, but he does nof malce use of the sections of Meek
and Hayden. The legend of the map does not contain any of the gen-
eral geological terms, such, for example, as Cretaceous, and the beds
which were referred to the Dakota group by other authors are here
simply called * Dakota sandstone.” They are not represented as
extending entirely around the hills, but are put down in patches along
the eastern and western sides and at the southern extremity, with

1 Report of @ Reconnaissanes of the Black Hills of Dakota, made in the summer of 1874, by William
Ludlow, Caplain of Engineers, Bvt, Lieut. Col.,, T. 8. Army, Uhief Engineer, Department of Dakota.
Washinaton, 1875, (Geological Report, by N. H. Winchell, State Geologist of Minuesota, pp, 21-66,
1 map.
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large intervals of uncolored regions. It is evident that Professor
Winchell did not observe any subdivision of these heds.

This brings us, in chronologic sequence, to the most important geo-
logical survey that has been made of the Black Hills, even down to
this date, viz, that of Newton and Jenney, in 1875, the geological
part of which was, unfortunately, not published until 1330,

The manuseript of this report was prepared somewhat promptly,
and Professor Jenney’s portion, relating to the mineral resOurees, was
published by Congress in 1876, as Senate Lxecutive Document No. al,
of the first session of the Forty-fourth Congress, but the geological
report and the rest of the manusecript remained unpublished for four
years, when it appeared as above, having been revised and edited by
Mr. G, K. Gilbert. In the biographical notice of Dr, J. S, Newberry
the origin of the expedition is stated in the following language:

In 1875 the Secretury of the Interior applied to Professor Henry, the head of the
Swithsonian Tustitntion, requesting him to suggest a geologist to take charge of an
exploration of the Black Hills, Dakota, for the purpose of ascertaining the extent
and value of the gold deposits discovered tlhere. This request was, by Professor
Henry, referred to me, and in aceordance with my nominations Mr. W. P. Jenney was
appointed geologiati and Mr. H. Newton his assistant. The purely geological work
of the expedition was for the most part performed by Mr. Newton, and the report
now committed to you for publication is the resulf.

Professor Newton’s report on the geology had long been completed
and appears to have been in nearly perfect form at the time of his death
in 1877, It forms the first part of the volume, ocenpying 220 pages,
and the report is accompanied by an atlas containing three maps. The
colored geological map is far more com plete than any previous map of
the Black Hills and shows, as none of the former ones had done, the
remarkably syminetrical character of their geological relations. It
shows first that there is a narrow ring of Potsdam sandstone, then a
wide belt of Uarboniferons limestone; next an encireling trough, aptly
compared by I’rofessor Newton to a moat, of red sandy gypsiferous
clays, in which is included a purple limestone terrace, all of which is
supposed to be Triassie, and to be the equivalent of the “ Red Beds” of
more southern regions, Skirting this is a very narrow border of highly
fossiliferous light-colored Jurassic clays or marls. Then ¢ome the foot-
hills, whiek consist of Cretaceous sandstones and shales referred by Pro-
fessor Newton to the Dakota No. 1 of Meek and Hayden’s section,
These slope back to the dark shales of the Fort Benton group, which
are succeeded by higher Cretaceous beds that extend to the plainsg and
pass under the Bad Lands of the White River formation.

We are of course concerned here only with the Oretaceous, and strictly
speaking only with the lowest member recognized by Professor Newton.
In his report he takes up the several subdivisions of the Cretaceous in

'Repart on the Geology and Resources of the Black Hills of Dakota, with Atlas, by Henry Newton
and Walfer . Jeuney. Dept. Int., 7. 8. G eog. and Gepl, Surv, Rocky Mountain Reglon, J, W. Towell
in Charge. Washinglon, 1880,
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their deseending orvder, but uses the numbers of Meek and Hayden, =
He therefore begins with No. 5 (the Fox Hills group), and deals respec-
tively with this, with No. 4 (the Fort Pierre group), No. 3 (the Niobrara
group), and No. 2 (the Fort Benton group), concluding with No. 1 (the
Dakota group), under which he includes all that series of rocks which
lie between the black shales of the Fort Benton and the Jurassie beds.

The description of this formation is taken almost literally from the
numerous memoirs and reports previously published by Meek and Hay-
den, and is as follows :

Yellowish, reddish, and oceasionally white sandstone, with at places alternations
of various-colored clays and beds and seams of impure lignite; also silicified wood,
and great numbers of leaves of the higher types of dicotyledonons trees, with casts
of Pharvella? Dalolensis, Trigonarca Siouxensis,-ete, (p. 174).

It will be observed that under localities quoted Professor Newton
does unot even mention the Black Hills, but proceeds immediately to
characterize the formation as observed in the Black Hills in the fol-
lowing language:

Black Hills,—I'vominently developed, forming the eapping rock to the foothills
that surround the Hills on all sides, appears with its characteristic composition—
coarse yellow or red sandstones with discontinnous variegated clays. At places a
considerable thickness of very soft and fine white sandstone appears ab the base.
Elsewhers considerable portions are of hard, dense quartzite. No animal fossils
wyere found, but many remnants of plants—in no case more than mere coaly frag-
ments,

Thickness, 250 to 400 feetf,

The rim of Crefaceons strata which enciveles the Hills dips ontward on all sides
or away {rom the axis of upheaval, The strata begin with the foethills that border
the ounter edge of the valley. The Dakola sandstone, resting conformably upon
the Jura, forms the capping rock of the foothill ridge, and dips outward at varions
angles from 10= to 405, Just as the Cretaceons encireles the outerop of the under-
lying Jura and Trias, 8o the ditfferent overlying groups of the Cretaceous—the Fort
Benton, the Niobrara, the Fort Pierre, and the Fox Hills—suceeed cach other in regu-
lar order, forming a series of concentrie ridges that deecrease in altitude as the dis-
tance from the ITills inereases (p. 175).

This deseription is further reinforced by the following more special
characterization:

Taking up the groups now in order, the first to deseribe is the Dakota. Typie-
ally it is a coarse sandstone, generally conglomeratic, yellowish in color, and stuined
rved in places by the oxidation of the iron contained in its nodules. Sometimes the
gandstone is white in color and aniform and fine in texture, and in several places
large portions of the formabion cousist of intensely hard, glassy, and compuet qnartz-
ite, white or brownish in color, and having the density, toughness, sharpness, and
conchoidal fracture of typical flint. The qnartzitic development was especinlly
observed at the southern end of the Hills, where the Dakota expands into a plateau,
and in the region north of Warren I'eaks, but it is not confined to those localities

(p- 176).
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The general relation of fthese beds to those underlying them in the
Black Hills is admirably shown in two sections on pages 140 and 141
of that volume, which are reproduced below as figs. 117 and 118,

W E

Rod Hzl’?evT'

i 4 b 2 1
FI6. 117.—Tdenl section across the Red Valley at Camp Jenney, showing the foothills at (he left and
Fauny Peak at the nizht. {1) Carboniferons limestone; () Rad sandstona (Carbonifervus) . (3)
Purplo limestone (Red Bedsy; (1) Red eliys with gypsum (Red Beds); (5) Jara: (6) Crefaceons.
Upon the geological map aceompanying this report have been based
all subsequent ones, and very few additions have been made. 1t is
reproduced here with very little ehange except as regards towns, rail.
roads, ete., resalting from the settlement of the country sinee that
date, and may serve as a general index map of that region (see
Pl. LIy, )

Fr6, 118 —Tdeal seotion neross Red Valley on Amphibions Creclct (1) Carboniferons; (2) Red sand-
stones aud elay (Red Bods); (3) Purple Timestone (Iied Beds); (1) Red clay with gypsum (Red
Beds); (5) Jura: ) Cretuceons sandstongs eapping the foothills,

After the appearance of this report a long interval elapsed before
any farther special diseussion of the geology of the Black Hills toolk
place, daring which time the country was bei ng rapidly settled and the
more important locations were being seized 1 pon as sites for towns,
while an agricultural population was gradually encroaching from witl-
out. A Stafe school of mines was established at Rapid City and, in
addition to mining interests, some local attention was being paid to
geology,

In the year 1388 two papers, by . R. Carpenter and W. O. Croshy,
appeared on the geology of the Black I1 ills, the priority of which I haye
not heen able to determine,?

Each of these Papers is an important contribution, and that of Mr,
Carpenter contains a map in which the drai nage and all the important

' Amphibious Creck is the name given in the Geology of the Black Hills to the strenm now called
Beaver Creck, which in cutting through the rin forms the canyon known as Buffule Gap. Tt isunfor.
tumate that the name should have leen chunged, as there are several other Beaver Creeks in the
Black Hills, and the Board on Geographio Names would do well to restore it.

*Notes on the Geology of the Black Hills, by Franklin 1, Carpenter; Preliminary Report of the
Dakota School of Mines upon the Geology, Mineral Resources, und Mills of the Black Hillg of Dakaota,
Rapid Uity, 1688, pp. 11-52,

Gevlogy of the Blaclk Hills of Dakota, by W. O. Crosby: Proe. Bost. Soc. Nat. ITist., Vol XXTIIT,
Pp. 438517, Tead Mareh 7, 1888,
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towns are shown, as well as the general geology. Some considerable
advance is made in the knm:vlm] ge of the geological formations, but it
relates principally to the lower beds. The Cretaceous assumes impor-
tance only in connection with the discussion of the age of the uplift,
which was formerly supposed to be entively post-Cretaceons; hut evi-
dence is adduced in these papers to show that mueh of the material,
even of the lowest Cretaceous, is derived from the older and more cen-
tral deposits, whieh must therefore have been elevated at an earlier
date. Nothing is here said about subdividing the Dakota group of
Newton, and the matter remained in all respeets in its original form.

In the summer of 1889 Professor Van Iise, of the U. 8. Geological
Survey, and Mr. . W, TTall made a “vacation trip into the Blaeck ILills
of South Dakota,” and at the meeting of the Minnesota Academy of
Natural Sciences on December 3 of that year Mr, Hall read a paper
before that academy, an abstract of which appeared in its proceedings
of that date! So far as this abstract shows their investigations WL;{-e
confined almost exclusively to pre-Cambrian strata, and the Cretaceous
is not mentioned.

In this rapid survey of the history of the discovery of the Cretaceons
in the Black Hills and of the Dakota group in general, T have been
obliged to leave ont of account a series of events connected with the
subject in @ general wiy, but without relation to the Black Hills, con-
sisting in the tracing of the Dalota group across the plains from Min-
nesota to Kansas, the dig-:covery of an immense flora and its elaboration
at the hands of Teer,? Newberry,? and Lesquereux,' accompanied by
an animated discussion as to the age of the Dakota group.

After numerons mistakes, due to conclusions drawn from insullicient
material, to the infancy of the science of fossil plants, and to precon-
ceptions based upon Old World geology, a general consensus was ab

1 Bolletin of the Minnesota Academy of Natural Sviences, Vol. TIT, No. 2. Proceedines mml Accom-
pamying Papers; 1887-1859, Minneapolis, 1801, pp. 185-186.

sT.es Phyllites Crétactes du Nebraskn, par MM, les Prof. 4. Capellini et (1. Heer: Mem. Soc. Helv.
Sei. Nat., vol. XXIT, No. 1, Zurich. 1866, 22 pp., 4 pl. Sur les plautes tossiles dn Nehraska, par Osw.
Heer: loc. cit., pp.11-22, PL I-TV.

sNotes on the Later Fxtinet Floras of North America, with Deseriptions of somoe New Species of
Fusail Plunts from the Cretaceons and Tertinry Strata, by J. 8. Newberry : Ann. Lyc. Nat. Hist., Vol.
IS, New York, April, 1868, pp. 1-76. 1

]_iluﬁt‘rﬂﬂ—ﬂns of Cretageons and Tertiary Plants of the Western Territories of the United States;
Department of the Interior; U. 5. Geal. and Geogr, Surv. Terr., Washington, 1878, 4, 26 pl.

4(n some Cretacoous Fossil Plants from Nebraska, by Teéo Lesquersnx: Am, Jour. Sei., 2d ser.,
Vol. XLV, duly; 1868, pp. 91-105.

Contributions to the Tossil Floyn of 1he Western Territories, Part I; The Cretaceons Flora, by
Lo T.esquersis: Rept, T. 8. Geol, Surv. Terr, F. V. Hayden, Gealogist in Charge, Vaol. VL, 11;,
Washington, 1874, 136 1., a0 pl. i

A Review of thia Cretuceons Florn of North America, by Leo Lesquerenx: Eighth Ao, Rept: U.S.
Geol. and Geoge. Surv, Terr., for the yeur 1874, F, V, Thayden, U, S, Geologist, Washington, 1878, pp.
316265, pl3. i-wiil.

Contributions o the Fossil Flora of the Western Lerrdtories, Part IIT; The Cretaccons wnil Tertiary
Floras, by Leo Lesquercnx: Department of the Interior; Reptl. U, 8. Geol, Surv. Lerr, T. V. Hayden,
Gealogist in Charge, Vol, VILL, 4°. Washington, 1835, Deseription and Enumeralion of Species of the
Ameriean Dakota Group Formuiion, pp, 25-107, pls. i-xvil .

The Flora of the Dakota Gronp, A Peathiumons Work, by Leo Lesquerenx, edited by B. H, Knowlton:
Mon, U. 8. Geol, Survey; Vol, XVIT, 42, Washington, 1802, 400 pp., 66 pl.
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last reached which placed the Dakota group into substantial correlation
with the Cenomanian of Europe. This view, based almost exelusively
on the fossil plants, had become so firmly established that it resulted
in a general feeling that Dr. Hayden, Mr. Meek, and others had made
a great mistake in referring any of the beds embraced in their Creta-
ceous No. 1 to the Lower Cretaceous in any sense other than that they
were the lowest Cretaceous beds represented in North American geol-
ogy, and the opinion had come to prevail that there was no Lower Cre-
taceous in the Rocky Mountain region.

But simultanconsly with the latter part of this period investigations
in British America, on the Queen Charlotte Islands, in California, in
Texas, and in Virginia had led to the certainty of the existence of true
Lower Cretaceous beds in each of those regions, and had brought to
light the Kootanie, the Queen Charlotte group, the Shasta group, the
Comanche series, and the Potomae formation. I had myself been
engaged in the study of the Lower Oretaceous flora of the United
States, and especially of the Potomae formation, since the year 1885,
and had examined a namber of the Lower Oretaceous areas in other
parts of the country. In 1883 I visited the Great Falls of the Missouri
in company with Dr. C. A, White, and T observed that the rocks in
that region which Dr. White, in harmony with the tradition of the
time, referred to the Dakota gronp were entirely different in eharacter
from the well-known brown sandstone which yields the flora of that
group, and I even dared to suspect that such a vast thickness of these
beds as is displayed on the Upper Missouri could scarcely all belong fo
the Dakota group. In 1888, or theréaboutﬂ, Mr. R. 5. Williams made
a collection of fossil plants at the town of Great Falls, which were
referred to Dr. Newberry for determination and were described by him
in the year 1801.! He found them to agree in all essential respects
with forms of the Kootanie, as made known by Sir William Dawson,
and thus was established the true Lower Cretaccous age of these
deposits. Subsequent discoveries have only confirmed this conelusion,
and considerable additional evidence has been brought to light. Col-
lections made by Knowltou, Peale, and Weed were elaborated by Pro.
fessor Fontaine,” and in 1895 I visited .the region myself and made a
much larger eollection than any of the previous ones, chielly from Cas-
cade County, some 25 miles southeast of Great Falls, between the
Little Belt and High Wood Mountains, from coal mines in the same
formation. This collection has also been studied and reported upon by
Professor Fontaine, but Lis report is not yet published. Suffice it to
say that all this material agrees in supporting the conclusion reached
by Dr. Newberry as to the sabstantial identity of this flora with that
of the Kootanie beds of British America.

TThe tlora of the Great Falls coal fleld, Montans, by J. 8 Newberry: Am. Jour. Sci., 3d series, Vol
XLI, March, 189], pp. 101-201, pl. xiv.

# Description of some fossil plants from the Great Falls coal fisld of Montana, by William M. Fon-
tuing: Proe. U. 5. Nat, Mus., Vol. XV, Washington, 1892, pp. 487495, pls. Ixxxii-lxxxiv.
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A somewhat eareful study of the flora of the Amboy clays and of
beds of practically the same age on the shores of the Chesapeake Bay
and across the State of Maryland to the Potomac had led me to the
conclusion that these deposits also lie below the line which should
properly separate the Upper from the Lower Uretaceous. Investiga-
tions in Alabama and other Southern States had further shown the
virtual identity in age of the Tusecaloosa formation and the Amboy
clays. The Comanche series had yielded a few fossil plants, which
proved to be at least as old as the oldest Potomac beds.! All these
results, taken together, had led me to believe that the true Lower Ore-
taceous was really very widespread, and that it would be found in
many parts of the West where it had not hitherto been suspected to
exist.

Tn the investigation of the Potomac formation in Maryland the sub-
jeet of fossil eycads had neeessarily become prominent, aud I arrived at
the couclusion that all the trunks of this character that had been
discovered in Maryland are derived from the older beds, which I call
the Basal Potomae. Professor Cragin had obtained a fragment from
Kansas which certainly belongs to a cyead frunk and whieh he
described as Cyecadeoidea munita in 18922  1le supposed that this frag-
ment came from the Cheyenne sandstone, but after having visited the
locality T am satisfied that this eould not have been the case, and,
taking all the evidence into aceount, I am inclined to believe that it
had weathered out from the base of the true Dakota group, perhaps
trom the Reeder sandstone.?

T mention the ¢ycadean trunks because it was through these that my
interest was first attracted to the Black Hills. In I'ebruary, 1803, the
Smithsonian Institution received a letter from Mr. I'. H. Cole, at Hot
Springs, South Dakota, a dealer in specimens, inclosing photographs
of certain petrifactions found in that vicinity, which he said had Deen
called “cycads.” The letter and photographs were referred to me on
the presnmption that these objects were of vegetable origin. T at once
perceived that they were fossil ¢yeadean trunks closely resembling -
those collected by Tyson in 1860 in the iron-ore clays of Maryland and
named by Professor Fontaine Tysonia marylandica, and, therefore, also
similar to the forms found by Mantell and others in the early part of
the century in the Purbeck beds on the Isle of Portland and at other
points in the south of England. Being greatly interested in the dis-
covery, 1 recommended that the owuer of the fossils be requested to
send on a specimen for examination. The request was complied with,
and the specimens proved to be all that T had expected. T therefore
made the further recommendation that negotiations be entered into

1 Notes on some fossil plants from the Trinity division of the Comanche series of Texas, By Will-
fam M. Fontaine: Proe, U. 5. Naf, Mus., Vol X VI, Washington, 1803, pp. 261-282, pl. xxxvi-xliil.

2(oniributions to the palieentology of the Plains, No. 1, by ¥. W. Cragin: Bull. Washbuen Col-
lege Lab. Nut. Tist., l'opela, Vol Il No. 10, 1884, np. 65-68.

a5 Mr. C. N. Gould's paper in Am, Jour, Sei., 4th series, Vol. V, Mareh, 1808, pp. 178, 174.
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with a view to the purchase of the collection of six specimens, which
were offered for sale. This recommendation was also adopted; the
collection was purchaséd, and arvived in May, 18931

Hot Springs is located on the Red Beds in the valley of the Min-
nekahta Creek, or Fall River, and it would have been natural to sup-
pose that the cyead trunks had come either from these or from the
Jurassic which borders it had it not been stated that they were found
“on a high hill.” My interest was, of course, strongly aroused to know
the stratigraphical position of the beds in which they oecurred, and
therefore early in September I made an expedition to the region for the
purpose of determining it if possible. 1 had previously corresponded
with Mr. . H. Cole, of Hot Springs, from whom the specimens had
been purchased. I had also written to Professor Jenney, who was then
at Deadwood, and who kindly consented to join me on my arrival and
aid me in the investigation. After considerable search and some diffi-
culty the locality was at length found. The details of this expedition
are given below (p. 552).

The general resemblance of these cyead trunks to those that have
been discovered in various parts of the world in beds below the Middle
Cretaceous raised the suspicion in my mind that these deposits might
be older than the plant-bearing Dakota. 1 learned while there that
Professor MeBride had been in that region studying the cycads, and
that he had collected some and taken them to the State University of
Towa, at lowa City. In October of that same year he published a
description of a species which he called Bennettites dacotensis® Dro-
fessor MeBride, and also Professor Calvin, State aeologist of Towa,
who had examined the region, presented papers on this subject before
the Towa Academy of Sciences in December, 1893, the latter espeeially
discussing the geological position of the eyeads. Professor Calyin
shortly after published the results of his investigations in a communi-
cation to the American Geologist.! Professor Calvin's principal object
seems Lo have been to fix the position of the eycad beds relatively to
the well-recognized formations above and below, and it was not, of
course, difficult for him to show that they lay between the Fort Benton
shales and the marine Jurassic. The idea that this thick formation,
amonnting in some places to 400 feet, should itself be susceptible to
subdivision does not seem to have occurred to him, and after consid-
erable discussion of these more general relations, in which he seems to
realize that he is giving a great breadth to the subject, he coneludes in
the following language:

Returning finally to the main objeet for which these observations were under-
takew, it is clear that Bennettites ducotensis MeDride belongs to the Cretaceons period,

1Sec Seience, Yol XXT, No. 543, June 30,1803, 1. 355,

*A now eyead, by T, H. MeBride: Am, Geologist, Vol. XTI, October, 1803, pp. 248-250, pl, i, Re-
printed in Bull. Lab. Nat. Hist., State Univ, Towa, Vol. IT, No. 4, 1895, pp. 301-393, pl. xii,

3See Science, Vol. XXTIIT, No. 570, Janunary 3, 1894, p. 10,

dAm. Geologist, Vol XITL, Nu. 2, February, 1894, pp. 79-84: also published in the Proc. Towa Acad,
Sei. for 1893, Vol. I, pt. 4; Des Moines, 1894, PP, 18-22,
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and the evidence is practically conclusive that the exaet horizon ab which the
individuals of the species were imbedded is represented hy the nppermost layers of
the Dakota sandstonc,

T was wholly unaware of the work that Professors McBride and
Calvin were doing, and had overlooked the article of the former in the
American Geologist for October.  On my return from the Black Hills
I proceeded to elaborate the results that 1 had reached, but having
much else to do 1 did not complete the paper until after the middle of
Tebruary, 1804, when Lsentit on to the Journal of Geology, in which it
soon after appeared.! The substance of that paper will be given under
the next head.

Tn all that T said in this paper Professor Jenney concurred, as we
were together during the entire investigation, and I sent him the
manuscript when completed. The sections were made after mutual
consultation, and in the field, and were reproduced in the article with-
out change, The diagrammatic sections are my own, and arve based
upon the data collected. As stated in that artiele, we were not satisfied
with the evidence furnished by the eyeads alone or by the eycads and
the fossil wood, but proceeded to discover beds containing fossil plants,
both in the lower portion and also in the upper. These two classes of
plant-bearing beds differ fundamentally, and the nature of the plants
from the lower beds made it practically certain at a glance that they
could not belong to the plant-bearing Dakota group. But I was not
satisfied to rest the case upon my own judgment as to these plants. [
therefore referred themn to Professor Fontaine, whose thorough famil-
iarity with the older Potomae flora and Mesozoie plants in general
has made him the leading authority on the subject. Iis report upon
the collection is published in this article, pp. 259-260. The concluding
paragraph of that report is as follows:

1t will be seen from this aceount that the plants, so far as one can judge from
such imperfect material, indicate a Lower Cretaceons and Neocomian age, with
rather more resembance fo the Kome fthan Pofomac phase or grouping, hut it is hy
no means eertain that the Potomac grouping is not nearest to that here shown.

1 also referrved the fossil wood to Professor Knowlton, and his report
immediately follows that of Professor Fontaine, and is in entire har-
mony with it as regards the Lower Cretaceous age of the specimens.
Indeed it would naturally seem to point to a still earlier period,
although it can not be said to prove this.

The specimens from the upper beds were indentified by myself, and
are fully described and figured helow (p. 702-709, Pls, OLX-CLXXII).
There is no reason to suppose that they do not represent the true
Dakota group, and the line between the Upper and Lower Cretaceous
must fall somewhere between the eyead beds and the upper plant beds

1 The Cretaceous vim ol the Black Hills, Jour, Geol., Yol. IT, No. 8; Chieago, April-May, 1894, pp.
250-266. !
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above the quarry sandstone. Nothing has happened since that paper
was published to modify the following statements which it contained :

It thus appears that the flora of the beds above Evans quarry is distinctly that of
the Dakota group, while all the plants found below that horizon as distinetly
indieate a Lower Cretaceons age. The force of this evidence is fo my mind irresist-
ible, and it is safe to prediet that if any other paleontological evidence is ever
found it will confirm this conclusion. The question® still remains as to where the
dividing line is to be drawn. Between the eycad and fossil wood horizon and that
of the Dakota leaves there are some hundred feet of sandstones and shales. Sixty
to seventy-five feet of this consists of the miassive or heavy-bedded building stone,
whieh in places becomes flinty and very hard. As the thin shaly layer which
separafes this from the leaf bed may be safely put with the latter into the Dakota
proper, and there secms no reason for separating the similarly constitnted layer that
intervenes hetween the eyead horizon and the base of the sandstone (rom the one
upon which it rests, the question is narrowed down to that of the position of the
quarry sandstone. That ¢uestion I will leave to the stratigraphical geologists
(p. 263).

Professor Todd, State geologist of South Dakota, in 1804 still con-
tinued to place the Dalota group between the Jurassic and the Fort
Benton, and to indicate the earlier Cretaceous as “absent.”! He does
not do this in ignorance of the results at which I had arrived, but
reproduces my sections (pp. 63-71), speaking of one of them as “par-
tienlarly valnable both for its completeness, and the caveful diserimina-
tion and measurement ot the strata.,” Commenting on these sections,
Professor Todd says:

A point of special interest should be mentioned here, namely, that numerons speei-
mens of eycad trunks have been found at various points. Those which liave heen
quite carefully studied and deseribed by Mr, L. F. Ward (Journal of Geology, 1891),
of the United States Geological Survey, and Professor MeBride (American Geologist,
1894), of the Yowa State University, were collected in the southern part of the 1Hlls,
southwest of Minnekahta and sontheast of Hot Springs. Specimens also have heen
found several miles north of Rapid City, and in a ravine southwest of that place.
They all seem 10 be traceable to the lower layers of the Dakota sandstone, and Mr,
Ward, partly for this reason, strongly suspects that the lower Iayers of the so-called
Dakota formation may be olider than that period (pp. 71-72).

This is certainly a very mild statement of my position; and my lan-
gusge was intended to express something mueh morve than a strong
suspicion as to the Lower Cretaceous age.of these deposits.

But whatever doubts there may have been then, they have all been
set completely at rest by subsequent events. During the summer of
1894 Professor Jenney, while operating in the coal-mining district of
Hay Creek, Crook County, Wyoming, in the northwest portion of the
Black Hills, but within the Cretaceous rim, found fossil plants in great
abundance associated with the coal. True to his instinets as the type
of a scientific collector, he proceeded to collect these plants, and, as a
pure labor of loye, he obtained during the summer and sent to Wash-
ington by official mail one of the finest collections that has thus far been

1A preliminary report on the geology of South Dakota, by J. B. Todd, State Geologist: South
Dakota Geologicul Survey, Bulletin No. 1, Sioux Falls, 1804, p. 22.
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made from any part of the West. They were sent diveet to me, and my
interest in them, as may well be imagined, was intense. I received
them for the United States Geological Survey, and when they had all
been unpacked and duly recorded I sent them to Professor Fontaine
for determination. ITe gave them his painstaking attention, and
prepared the able report which I embody in this memoir (pp. 645-702,
Pls. CLX-CLXIX]).

It is needless to antieipate this report further than to say that the
plants completely demonstrate the Lower Cretaceons age of the Hay
Creek coal field. Professor Jenney was good enough to make a careful
study of the stratigraphical relatious of the numerous beds in which
the plants occur, representing a lurge number of horizons, which were
fully shown in careful sections. At my request Professor Jenney has
furnished extensive notes upon his work there, which are embodied
in this paper, and he has also kindly furnished a map of that region.
All these data together will, T trust, render the whole subject clear to
the geologist.

In a revision, which I made in 1894, of the genus Cyecadeoidea of
Buckland, which genus probably embraces all the fossil cycadean trunks
thus far found in America, I described from notes and sketches made
by Professor Jenney a new species of that genus, whieh I called €,
Jenneyana,! The deseription there given was of course very meager,
and is completed in this paper (pp. 627-632, Pls. CXXI-CXXXII).

This species was made known to me by Professor J enney, who had
long been aware of the existence of the two large trunks at the State
School of Mines at Rapid City. He had been to the pains to inquire
into the source of these and had learned that they were collected
many years before, abont 10 miles northwest of Rapid City, by a gen-
tleman named Leedy. Being exceedingly anxious to ascertain whether
this locality also lies in the Cretaceous rim of the Hills, T went to
Rapid City early in Aungust, 1805, where I joined Professor Jenney,
and we proceeded to the locality and made a thorough examination of
the general region. A more complete account will be found nnder the
description of the Blackhawk region (infra, pp. 560-563), and I need
only say here that, as we expeeted, the beds Yielding this specimen lie
above the Jurassic, and the cycads were associated with tha heavy
sandstones which constitute the lowest Cretaceous deposits. These
beds are therefore substantially the same, in their stratigraphical
relations, as those yielding the other cycads and fossil plants already
referred to. Numerous other specimens had been colleeted and earried
away by persons who desired to profit by them, and not one could be
found by our party. Some of these, as will be shown, were subse-
quently obtained by purchase. A great amount of fossil wood oceurs
in that locality, a good eollection of which was made,

! Fossil eyeadean trunks of North America, with a revision of the genus Cyeadeoiden Buckland :
Proc, Biol. Soe. Washmglon, Vol IX, April 0, 1804, pp.75-88, (€. Jenneyana is described on P. BT}

19 groL, PT 2——35
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Trom Rapid Oity I proceeded to Hot Springs, where I obtained con-
siderable additional material, some of it from localities already deseribed,
but the remarkable trunk which I call Cyeadeoidea excelsa, and which is
deseribed below (p. 637), was eollected in an entirely different locality,
which is fully indicated in connection with the description of the species,
and its location on the map is given as exactly as the data will permit.

In both my visits to the Black Hills, in 1893 and 1895, I saw large
numbers of fossil eycads at vavious places, mostly in the hands of
dealers in specimens, who held them for sale, often at moderate prices,
but others were seen in heaps of stones along with specimens of ore, coal,
building stone, and other products of the country, often symmetric-
ally arvanged in pyramidal forms, at railroad stations and elsewhere.

As the funds at my disposal were limited, T was able to purchase only
such as appeared to me to represent distinct species, although I was
aware that, not having as yet described the species, I might easily be
mistaken in the matter, and that doubtless many new species existed
which could have been easily obtained by anyone who had the means,

Well knowing the fate of most of such material, which usnally gets
into the hands of private individuals making no pretensions to science
and who wish such specimens merely as curiosities, but who hold them
in high esteem and are unwilling to part with them, or in most cases
are so sitnated that uo scientific man ever sees the specimens again, 1
was glad to learn that Professor MeBride had himself secured a large
number of specimens for the State University of Iowa, where T hoped
they would soon be taken up and submitted to thorough scientific study.

But even after he had secured all he desired great numbers remained,
and when, the following year, Prof. O. C, Marsh approached me on the
subject and manifested a special interest in these objects, I gladly
imparted to him all theinformation in my possession relative to the best
means of securing them, including the names and addresses of dealers
who had them for sale, the prices at which they were held, and the
localities from which they had been collected, so far as these were
known to me. I greatly hoped that with the resonrces at his command,
Professor Marsh would rveseue from oblivion and insure to science
many of these interesting paleontological treasures.

I heard nothing further from Professor Marsh until on March 18,
1898, 1 received a letter from him stating that he had obtained a
large collection of eycads from the Black Ilills and requesting me to
come to New Haven and deseribe them. As the preseut paper was
then already in an advanced stage of preparation and the descriptions
of thosein my hands were already written and would be included in it,
it seemed to e that the opportunity should not be lost of embracing
under the same head all the new material that might be accessible. 1
therefore immediately consulted with the Director on the subjeet and
received orders to proceed at onee to New Haven and take all necessary
notes on Professor Marsh’s collection. .

This work was performed from the 22d to the slst of March., This
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collection consisted of 87 specimens, and notes were taken ﬁpou each
of these and the more important of them were fully described. Having
with me the deseriptions of all the other eycads, I paid special attention
to characters which could not be observed in the specimens already
described, either because these were too perfect to show any internal
strueture or from defeetiveness of any kind., Al variations that the
new material indieated from the specimens previously taken as types
of species already identified were also carefully noted, with a view to
the correction and expansion of the characters. All the new species
were of course very earefully dealt with.

In addition to these notes Professor Marsh placed a photographer at
my disposal and all the more important Specimens were photogra-phed,
often from various points of view, for purposes of illustration. All
these notes and illustrations appear in their proper places, embodied
in the descriptions of the species, ;

While at New Haven, engaged on this collection, Professor Marsh
informed me that two additional invoices were soon expected from the
Black Hills, and that he ywished me to include these also, if possible,
when they arrived. But I could not then wait for them and returned
to Washington. On May 20 he telegraphed me that the first invoice
had arrived, and on May 31 he similarly notified me of the arrival of
the second invoice. The two invoices contained 39 specimens, which,
added to the 87 specimens previously received, constitutes a collection
of 126 eycadean trunks and fragments.

As nearly all of the first large collection had been obtained from the
Minnekalita region, very close to wlere the original types were discov-
ered, and as these two new invoices were from the Blackhawk region,
from which so few cycads had been thus far made known, it was
especially important that these should be included in this report, and
therefore, at a risk of considerable delay, I undertook their elaboration,
which was accomplished in a little over a week, viz, from June 6 to
June 13, and this included the work of photographing the important
specimens. All the data thus secured are embodied in the deseriptions
below and constitute a very material inerease in our knowledge of the
eycadean vegetation of the Black Hills Cretaceons. :

Nearly all the specimens in the Yale collection were reported either
from the Minnekahta region or from the Blackhawk région, and but
very little additional information accompanied the collections. The
last invoice from the Blackhawk region was accom panied by data speci-
fying the lecation of the specimens somewhat in detail, giving dis-
tances and direction from Black’s ranch, but this embraced compara-
tively few specimens. The first invoice contained one specimen which
was said to have been found between 2 and 3 miles west of Sturgis,
South Dakota, a wholly new locality.

With the exception of a small collection obtained by Professor Marsh
from Mr. Stillwell, in Deadwood, and reported by him from the Minne-
kahta region, all of these large collections which Professor Marsh
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secured were made by Mr. Henry F. Wells, of Sturgis, one of Professor
Marsh’s trusted eolleetors of fossil vertebrates, who had been induced to
turn his attention to a search for eyeads, and whose skill as a collector
readily enabled him to locate the cycad beds and obtain quantities of
specimens which had been overlooked by more superficial observers. i
was certain that Mr. Wells must have covered a considerable area 1n
his explorations beyond that which I had myself seen or that other
collectors had visited, and as the work of determining the species pro-
seeded I was more and more impressed with the importance of a tresh
survey of the cycad regions, with a view to more exact correlation of
the different beds with each other, and a more satisfactory determina-
tion of the stratigraphical position of the eyead beds in general. 1 felt
that if 1 conld secure the guidance of Mr. Wells to all these localities
this result could be accomplished, and I corresponded with him apon
this subject. He expressed a willingness 1o accolpany e to all the
localities at any time that I might designate.

1 was unable to bring this about until the early part of October, 1898,
when, by previons arrangement, [ met Mr. Wells at Sturgis, and we
devoted eight days to this work, with very satisfactory results. We
first vigited the new loeality between two and three miles west of
Sturgis, where specimen No. 1 of the Yale coilection was obtained by
Mr. Wells. He had found it ou a low spur of the foothills, which had
dropped or slipped down from the high eliffs to the westward, and was
entirely out of position. A second imperfect specimen had been found
by him near the same spot,and still lay on the surface. Mr. Wells
stated that he had explored the cliffs from which these materials had
fallen, but had thus far been unable to find any cycads in positiown.
We then proceeded to the Blackhawk region and went over all the
ground covered by his explorations, and later to the Minnekahta regiou,
which was examined in the same way.

The more special results of this expedition, including geological see-
tions, will be given under the Minnekahta and Blackhawk regions,
respectively, but some of the general conclusions arrvived at from this
examination, which was much more thorough than any that I had pre-
viously given to the question, may propexly be stated here. It is well
known that these Cretaceous sandstones form the foothills surrounding
{hie Black Hills, and that they present more or less of an esearpment
facing the central core of the hills and separated from the liigher and
more interior uplift by a broad valley occupied by the Red Beds, which
gurround the Hills. As a matter of fact, however, the lower part of
the escarpment is almost always occupied by beds that are lower than
the Cretaceous, the base itself consisting of a greater or less thickness
of the Red Beds themselves, succeeded by the whole thickness of the
Jurassic, which may amount to 150 feet. Upon this lie the Cretaceous
sandstones, which, should they be all represented, would form a chif’
more than 300 feet higher, sometimes making a total of nearly 600 feet
above the lowest part of the broad encirling valley.
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At one time, of conrse, all' these materials extended over the area now
oceupied by this valley and they have been earried away by the general
process of denudation. This proeess, however, was somewhat peeuliar
in consequence of the large amount of gypsum confained in the Red
Beds, which, as soon as exposed, rapidly disappeared, resulting in a
systematic undermining, as it were, of the eliffs, which gave way along
an irregular border and either sank or slipped down so as to occupy at
different periods positions much lower thau that from which they came.
The further influence of lateral denudation, forming deep canyons in the
sides of the external wall, resulted in the final formation of a large num-
ber of narrow spurs or low sloping ridges, often containing the remains
of the original eliffs, practically unchanged, after having sunk down to
Jower positions and still remaining easily identifiable with the eliffs from
which they had fallen. The present position of these cliffs, therefore, is
no indieation of their true position, and although this can usnally be
determined where large masses have held together, this can not be done
in case of loose materials that cover the slopes. Here rocks from all
])(;sitir,)us in the Oretaceous series lie mingled together and cover the
ground to con siderable depth, oceupying horizons topographically much
lower than the base of the Creftaceous. Sometimes these spurs are
reduced to small mounds, isolated in the red valley, and cycadean trunks
have been found far out in the middle of the valley on such mounds and
ridges. Being of a character much more durable than even the hardest
of the sandstones, they remain intact wherever they may happen to be,
and some have been found lying on top of the Red Beds themselves, all
traces of their original matrix having disappeared.

This accounts for a fact that had long puzzled me, viz, the oceurrence
on many of the eycad trunks of a coating of lime or ealcareous matter,
often turning one side of them purewhite and being very firmly cemented
to the rock and difficult to remove. This had led some to suppose that
the eycads came ont of the caleareous limestone of the Jurassic. As a
matter of fact it proves nothing, since the greater part of the cycads
that have thus far been found have lain in a position many feet below the
base of the Cretaceous, often upon the Jurassic limestone, but usually
associated with vast quantities of sand rock, which had accompanied
them in the general settling down of the strata to which they belonged.

It is easy to see from all this how very diftienlt it is to determine
the true position of the eycad beds, especially as they are never found
adhering in a natural way to the rock in which they were originally
embedded, but are always washed out and found lying in all positions,
indicative of more or less trausportation, or at least local displace-
ment, This is not affected by the fact that nearly all the specimens
that Mr. Wells has found that were overlooked by other collectors were
more or less buried in the ground, only small parts projecting sufii-
ciently for him to recognize their character. The materials in which
they were buried were as heterogeueous as those on the surface, and it
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would often require many feet of excavation to reach the original bed
upon which these loose materials rested.

There are, however, a few facts which may be taken as constituting
evidence as to the position of the cycads,

First, a few specimens have been found, if not aetually in place or
precisely where they grew, at least high up on the original cliff, and it
is clear that their position must have been at least as high as that in
which they lay. .

Second, the cycads and the fossil wood are almost always closely
associated, althongh the latter is much more abundant. Both being
silicified, the conditions which would preserve the one would also pre-
serve the other, and therefore it seems probable that both occur at
pretty much the same horizon. There are a few cases in which the fos-
sil wood has actually been found in place; that is, as erect trunks in
position and prostrate logs projecting from the original cliffs. The
fossil wood is not found at all horizons, but only within a certain limit
of elevation, and it is not believed that the cycads have a wider ver-
tical range than the wood.

Third, both the fossil wood and the eyeads, even on the lowest slopes
at which they occur, and however far below their original position, are
usually associated with a certain general class of rocks whose character
is sufficiently distinet to make it possible to ascertain their original
position, and this is the same class of rocks in which the fossil wood is
found when seen in place.

All three of these classes of evidence combine and harmonize in
fixing the position of the eyead bed, which is always the next impor-
tant series of rocks that underlie the hard quartzitic sandstones that
occupy the uppermost strata, with a thickness of from 75 to 100 feet.
The cycad and fossil wood bed consists of softer sandstones separated
by thin beds of shale and is not nsually over 50 feet in thickness, but
may possibly be 75 or 100 feet at some localities.

It may be as well to mention here that on this expedition I took con-
siderable pains to examine the relation of the Cretaceous to the Juras-
sic, and espeeially to the uppermost member of the latter, which
contains the “Atlantosaurus beds.” 1 visited the original bed from
which bones were first taken, at the foot of Piedmont Butte, and was
fortunate in finding Mr. George R. Wieland engaged in taking up tlie
bones of a large animal. This spot is 1 mile due east of the town of
Piedmont. I measured the bed and found it 54 feet in thickness, and
the particular horizon at which the bones were then beingexcavated, and
which had itself a thickness of about 6 feet, was about 40 feet below
the top of the Jurassic or base of the Cretaceous. It is a dark clay
shale and at this point rests upon heavy beds of white sandstone. It
was impossible to decide, either here or at any other point I examined,
whether there is unconformity between the Cretaceous and the Juras-
sic. The particular bed in question is about 100 feet above the bed of
Tlk Oreek and has an elevation above sea level of about 3,400 feet.
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As will be seen later, this bed is therefore abont 300 feet below the
eycad horizon, and cycads actually oceur 4 miles southeast of that
place.

The Atlantosaurus beds, as thus described, are exceedingly character-
istie of the Jurassie of the Black Hills. [nmy first paper in the Journal
of Geology' they were accurately described as occupying the upper-
most 50 feet of the Jurassie, although at that time I had no idea that
these constitnted the Atlantosaurus beds, During the present expe-
dition | examined them at every point where the eycad beds were
studied and never failed to find them, with almost exactly the same
character and nearly the same thickness. In many places fossil wood
occurs in a very fine state of preservation near the smmmit of these
beds and in eontact with the Cretaceous, while lignite is the form taken
by the wood when it is preserved in the clay shales immediately helow.
They ave the same us No. 5 of Professor Jenney's section of the Hay
Oreek region, the Beulah elays, of which he gives a full account in his
notes published in this paper (infra, pp. 568-593), and many of the fea-
tures which [ have here mentioned were observed and recorded by him.

When all the facts above stated are taken into consideration the
difficulties in the way of measuring sections in this region become
apparent. 1t is obviously impossible to reach any reliable conclusions
by attempting to malke sections of the fallen and disturbed materials
that occupy the slopes on the sides foward the broad valleys. In
most cases it is impossible to say where the Red Beds end and the
Jurassic begins or to find the line between the latter and the Cretace-
ous. In order to measnure a section in such a region it is therefore
necessury to find a slope which is not adjacent to a broad valley; that
is to say, to find some deep canyon a cross section of which will have
the form of the letter V and upon the sides of which there has been no
opportunity for the slow undermining of the eliffs and the resultant
covering up of the slopes by the materials that have come down from
above, but in which there has been a rapid and natural denudation, at
all stages of which the materials liberated have been ecarried away,
leaving the surfaces exposed. Such exposures are not easy to find, and
often are not deep enough to embrace the entire thickness of the heds
which it is desirable to measure. The section measured by Professor
Jenney and myself in 1893, on the slope of Red Canyon, was an unusu-
ally favorable one, and as will be seen, I was able on this occasion, in a
few cases, to find other suitable places and to make seetions illustrating
each of the general regions.

II. THE MINNEKAIITA REGION.

As it was this region which yielded the first cycads, throngh which
my attention was drawn to the general subject, it seems natural to treat
it first, 1 inelude in it all the southern portion of the Black Hills which
has thos far yielded any fossil plants, and this is embraced in a rectan-

1. Jour. of Geol,, VoL IT, No. §, April-May, 1804, p. 255 (of. No. 7 of section No. T.)
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gular area having Hdgemont for its sonthwestern corner and extending
eastward to the Evans quarry, which lies near the middle of the area
north and south. The accompanying map of this region (Pl LIVY),
which I have had expressly prepared, embraces townships 7 and 8 8,
range 3-6 H., lying wholly in Fall River County.

Tt nearly all lies within the valley of the Minnekahta River, or, as it
is now more commonly called, Fall River. The immediate area within
which the first eycads were found is very near the divide between this
stream and Red Canyon, while the actual slope on which the most of
them oceurred is that of a small tributary of Chilson Creek which falls
into the Cheyenne between Edgemont and Cascade Springs.

When I visited this region in 1893 for the purpose of determining the
exact Jocation of the eyeads purchased of Mr. Cole, as above described
(p. 512), T proceeded directly to Hot Springs and arrived there on the
5th of September. TProfessor Jenney met me there from Deadwood, by
arrangement, T also found Mr. Cole and arranged with him to aceom-
pany us to the locality. An outfit was secured and the 6th and Tth were
occupied in making this investigation. The locality itself was on or
near the horse ranch of Messrs, Payne and Arnold, and we secured
the services of Mr. Payne, who was perfectly conversant with all that
region, and he took us immediately to the spot. It is about 3 miles
southwest of Minnekahta Station on the Burlington and Missouri Rail-
road, about 14 miles west of the bed of the small stream above men-
tioned, on the foothills formed by the Cretaceous sandstones. We
made a somewhat extended examination of the country round abouf.
A mile or more to the northwest of the cycad locality we found the
divide between that stream and Red Canyon. Another branch of the
first-mentioned stream comes into it from the west, and lies to the south
of our area, which is therefore on a southeast slope and near an abrupt
descent into 4 canyon. LFrom this point northwest to near the crest of
the divide, the highest point of which is ecalled Matties Peak on the
township plat of the General Land Office, the slope is moderate and
nearly uniform. At the foot of this crest and about 14 miles north-
west of the cycad loeality occurs an extensive fossil forest. The wood
is all completely silicified, and consists of prostrate trunks of various
sizes and lengths and an abundance of smaller fragments, many of
which are scattered about on the sloping plain a long distance below
the actual horizon at which they were petrified. At that horizon many
still remain, apparently undisturbed, and in one place a trunk over 20
centimeters in diameter was seen projecting several feet from beneath
the massive sandstone ledge.

To the south of Matties Peak is a saddle, beyond which the erest of
the divide is lower, and here the forest is seen to the best advantage.
The most prominent object is a silicified log over 75 centimeters in diam-
eter and 25 meters long, lying where it fell, which may not have been af
a very remote date. It had broken away from its roots at the surface of
the ground, leaving portions of the stump still exposed, and the entire
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root could probably be exhumed. Over the ares of ground beyond the
present trunk, where the upper limbs and branches wounld naturally have
been, great numbers of fragments and splinters were seattered, clearly
indicating that many of these branches must have remained attached
when the tree fell,

It will be noted that all this is within the drainage of the Cheyenne
River, and therefore it corresponds perfectly with the location of the
petrified forest deseribed by Edgar Allen Poe, as quoted above (p. 529),
viz, “Near the head waters of the Chayeune, or Chienne River, which
has its source in the Black ITills of the Rocky chain.” Of course it is
possible that there are other fossil forests that would answer this
deseription, but I know of none, and the chances of its being this ideu-
tical spot are increased by the necessity that it should oceur in a geo-
logical formation in which petrified forests are to be looked for. It
conld not, therefore, have been in the Red Beds below nor in the Fort
Beuton above, and the avea is restricted to the Lower Cretaceons. It
is therefore scarcely possible that he could have referred to any other
than the forest under eonsideration. A large amount of silicified wood
also oceurs at the cycad loeality itself, and there is reason to suppose
that the horizon is practically the same. The whole of this region,
including the entire crest of the divide and the area extending to the
hottom of the canyon of the eycad bed and far to the southeast, consists
of the series of hard sandstone that were treated in the Black Hills
report as constituting the Dakota group.

The great improbability that the eyecads could have lived in Dakota
time, or contemporaneously with the flora of the Dakota group, led me
to suspect that these beds were below that horizon, and I resolved not to
Jeave the field until all the evidence on this point that was attainable had
been examined. Intheimmediate vieinity of the fossil forest and eyead
bed there were no evidences of plant remains of any other class, The
crest above the fossil forest cousists of hard, chiefly massive sandstones,
which may be traced far around the Hills, and form the upper part of the
abrapt escarpmert above the soft Jurassic and the Red Beds. On the
inner fuce of this escarpment it was therefore possible to obhserve a
great thickness of the Cretaceous in a limited area; and passing over
this crest a little to the southwest of the fossil forest we entered the
first Jateral canyon which leads into Rted Canyon on the west, so named
because in it the Red Beds are well exposed. The escarpment here is
more or less overgrown with timber, and although the slope is very
steep it was possible to work on any part of it. From the summit of
Maities Peak to the bottom of the valley was, by careful measurement,
over 500 feet, but considerably over 200 feet of this was oecupied by the
Jurassie, distinetly marked off’ from the Cretaceons, while at the very
bottom the Red Beds were reached. Above the Jurassic there were about
275 feet of Cretaceous deposits, and on different parts of this slope good
exposures occurred, showing considerable variety. It was in these
exposares that the search for fossil plants was made, and in one of
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them it was successful. This oceurred 60 to 75 feet above the Jurassic,
and in a number of places imperfect plant remains were found, chiefly
in a soft pink and gray sandstone.

Matties Peak rises some 75 feet above the fossil-forest horizon, and
the plant bed now under consideration is about 125 feet below that of
the fossil forest. The plants oceurred partly in shales and partly in
hard sandstone. They consist ehiefly of ferns, and have a facies totally
different from that of the well-known flora of the Dakota group. They
are all carvefully deseribed and figured below, and their affinities would
of themselves be sufficient to make the Lower Uretaceous age of the
bed that yielded them altogether certain, and it was upon these more
than upon the eyeads or fossil wood that I rested the case in the article
above quoted.

The following is the section measured at this place, with a brief
description of each bed, giving its thickness in feet. The diagram
which follows will serve to malke the matter still elearer.

SECTION OF MATTIES PEAR.

Dakota of Newton, 275 feet.

Toet,

15. Massive pinkish sandstone approaching a quartzite loeally ... - oo o0 145
12. Grayish white sandstone with silicified wood and eyeads...-..ocoeee oo 30
11. Pinkigh and yellowish soft sandstone .. ... .. ... oo iovoomioamaaiiaia, 7o
10. Clays with indications 0f C0al co o voaaan oo iiteemenreeacesscoon simnnn nmaia 20
9. Soft pink and gray sandstone with ferns and other plants. .. 25

8. Reddish, pinkish, and yellowish brown massive eross-bedded sandstone. ..... 50

Jurassic, 220 feet.

7. Olive gray clay and sandstone shales, inelnding the Atlantosanrus beds. .. 50
6. Liphtred softsandstons. ... jodaus fonan sadlsisanuido ool s s va e e 6

5. Olive gray clays and gray sandstone shales. . .ooooommmnneeooo oo e oana.: 40
4, Olivedrab/elay - too— o co—ms e i we S e s e e i e e (s el it 20
2. Xollovreandetoneshales. o Ui rae se tetarrsosa st Jawas Ao e ke 20
2. Ofive drabiCliy . cvehanassssmann g5 w8 B oo 0o oW, M B e 30

Red Deds ( Trias).
1. Red marls, conformably exposed at bottom of canyon ... ooooonioanannnn 20

This section may be represented diagrammatically as follows:

Fra. 119, Section acrpss the divide between Red Canyon and Chilson Creel. 1. Red Beds; 2-7, Juras-
sie, 9, Plant bed; 12, A, Cyead bed; B, Fossil forest; 13, Equivalentof Quarry sandstone in section
at Evans quirry (see infra, p, 560).
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As already stated, this region lies very near the divide betweeu the
Minnekahta Valley and the Red Canyon, but is really on the slope of
Chilson Creek, which malkes down into the Cheyenne River a long way
to the east. At the time L visited this place in 1893 I was under the
impression that the valley to the east of the cycad beds drained north-
ward into the Minnekahta Valley, and so stated in my article. But
this is a mistake, for it is not until we reach the Minnekahta station, at
the junction of the two railroads, that we find the beginning of the
Minnekahta drainage. A number of small streams from the west,
north, and south unite a little way to the castward and form the Min-
nekahta or Fall River, whose course is nearly eastward to near ot
Springs, a distance of about 15 miles. It flows chiefly over the Red
Beds, and the Cretaceous escarpment lies to the south, forming a con-
spienous east-and-west ridge, with a high point at its western end
known as Parkers Peak.

On my visit to this region in October, 1898, in company with Mr.
Wells, T went carefully over all the ground on which he had obtained
hig specimens. They all came from a region surrounding the original
spot which I examined in 1393, and from which so many of the earlier
specimens had been obtained, but Mr, Wells found that there was an
area, irregular in outline and more than a half mile square, over which
cyeads were strewn, though by no means evenly, as they oceurred in
groups at different points, more or less separated from one another.
This area is all within what is called Bradleys Fiat and occupies most
of the eastern portion of it. There are three spur ridges running out
in a southeasterly direction from the main axis, parallel to the line of
my section. The central one is that on which the original eycad bed
is situated, and eyeads were fonnd over nearly the whole surface of this
ridge, but chiefly on its southwestern slope, a larger number having
been obtained from above the original locality than anywhere else,
The most southwesterly ridge yielded eyeads only on its northeastern
slope, i. e., facing the principal localities of the central ridge. On the
most northeasterly ridge cycads were more rare, but were sparingly
distributed over the whole of its lower portion., and it was on this ridge
that they extended farthest up the slope to the northwest, i. e., in the
direction of the main axis.

1t was evident from a careful examination of these ridges, especially
along the slopes of the deep ravines that separate them, that this
whole area must be regarded as out of place geologically and as ocen-
pying its present low position by reason of having settled down in the
general process of denudation. The disturbance, however, was not so
great as in most cases of the kind, and many of the rocks seem still to
remain adhering together in a broad sheet, with oceasional ledges in
which relatively they have never been disturbed, and even outerops of
the hard quartzitic masses belonging at the top of the highest ridges
were found normally overlying the softer sandstones in the same rela-
tive position in which they may be seen on the crest of the divide 11
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miles farther to the northwest. In the diagrammatic section, Fig. 119,
the dip is purposely exaggerated to represent this late tilting of the
strata.

I had long been awave that fossil eyeads had been found on the south
side of the broad valley to the southeast of Minnekahta station. A
specimen which I saw in a pile of stones at the station was said to
have come from this region, and I was told that others had been found
there. Mr. Wells, learning these facts, had explored the country in
that direction and had obtained a considerable number of specimens,
one of which is No. 5 of the Yale collection, which differs from all
others in being completely turned to white flint (see infra, p. 603). The
various localities at which Mr. Wells secured the specimens were
visited by me, in company with him, and proved to be of exceptional
interest from a geological point of view. The south side of the general
Red Bed valley, extending a distance of G or 8 miles from Parkers
Peak eastward, consists of a series of high hills, separated by deep
ravines, opening into the valley from the sonth. Toward the western
end of this series these canyons have a more and more northwesterly
course. the last one opening out at the north end of Parkers Peak,
which is nearly 100 feet higher than the rest and is crowned by the
quartzitic rocks that overlie the softer sandstones. No ecyeads have
been found, to my knowledge, on or around PParkers Peak, but at the
foot of several of the high ridges to the east of it they occur and the
localities were carefully examined by me. The greater number of the
cycads of this region, however, were not found near the base of these
high ridges but at a considerable distance to the north of them, either
on very low ridges extending out into the plain, or on isolated knolls
that oceur at intervals over a considerable part of the broad valley
itself. These knolls consist of the same soft sandstones that belong at
the top of the highest hills on the south, and are merely remnants
of the materials that were carried away by the process of denudation
when the valley was excavated. They are all, therefore, entirely out
of place and their position can only be judged by the nature of the
rocks with which they are associated. In fact, it was here that a con-
siderable number of specimens were found embedded in the red soil at
the bottom of the valley, in the general vicinity of whieh there were
searcely any remains of the gand rock. Others were deeply entombed
in the pure white sand of the Jurassic, and still others lay upon the
white ealearcous shell rock of that formation and were inerusted with
a coating of lime.

1t seems probable that these heavy cycad trunks may not have been
transported any great distance, and the theory that they have rolled
down the slopes of the adjacent hills, at least within any recent period,
is completely disproved by the great distances at which they oceur
from the foot of the hills, often with lateral ridges between. In all
probability their original position was not far from vertically over their
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present one, It is certain that they belonged to the southern range of
hills, hecause they occur much nearer to the south than to the north
side of the valley. 1t must therefore be supposed that the hills and
cliffs along the south side formerly extended over the spot where the
cyeads now oceur, and as some of them were found quite close to the
foot of these hills this whole region may be regarded as a cycad-
bearing area. This area occupies a position to the east and southeast
of Minnekahta, distant from 1 to 3 miles from the station, and covers a
space of nearly two miles square.

The second of the high spurs to the east of Parkers Peak seems to
have furnished the larger number of specimens, and they were found
on three sides of this hill around its base. I was therefore specially
desirons of making a section of this hill, but owing to the difficnlties
which I have already explained (supra, p. 549), it was impossible to lind
any point oun the north or northwest sides at which this could be done.
Tt was clear that the Red Beds occupied the lower part and that the
whole of the Jurassic was to be found on the slope, but the sandstones
from above so deeply covered the flanks of the ridges that the relative
thickness of these beds could not be determined. Fortunately, how-
aver, a deep gorge had been cut into the side of this projecting ridge,
having a sonthwesterly course and opening out into the canyon between
this and the next one on the west. This gorge farnished much better
conditions for the measurement of a section, and this was accomplished
with considerable snccess, The hard quartzitic sandstone which forms
the highest bed is not present on these ridges and the softer sandstones
extend entirely to the smnmit, The following is the section:

SHCTION OF SPUR BEAST OF PARKERS TPEAK.

Cretaceons, 208 feel.

Feet,
7. Rounded summit and slopes at top of ridge, consisting chietly of soft yel-
lowish or reddish sandstones and thinner sandstone and elay shales. with
abundance of fossil wood. This is probably the source of the eycadsalso. .. 58
6. Nearly vertical ledge of light-colored sandslones . c .cocesciisoca o i Suns 48
5. Slope, mostly covered, consisting of coarse sandatones and elay beds ........ T2
Jurassic, 150 feel.
4. Olive-gray clay and sandstone shales, meluding the Atlantosanrus beds . ... (0
3. White e o e f - e e 10
2, Yellow samlstone. oo oo e e e e e e 20
1. Light-colored rocks, mueh obsenred, probably limestonvs . ... ..........__.. 40
Red Deds to botlom of edmyon - ... cooeimeseeneeeooe. a0
1) 103 e e e e e e e e S S e e e e e B S S Bit

Parkers Peak is the only one of this range of hills which retains the
cap of quartzitic sandstones, and it accordingly rises about 100 feet
above the summits of the several move eastern ridges. Its top forms
a sort of mesa or elongated table with a north and south trend, and its
western face rises directly above the sources of Chilson Creck and is
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nearly in line between the very similar ridge called Matties Peak 4
miles to the westward, which forms the divide between this valley and
Red Ganyon, and which was the subject of my first section. The great
eyead beds of the Minnekahta region lie between these two high points,
and T therefore thought it very desirable to obtain a section of Parkers
Peak. This was attended with many diflicnlties and the section is not
as satistactory as conld be desirved, but is as nearly accurate as it was
possible to make it.

SECTLON O PARKERS PEAK.

Cretaceous, 10 fect.

Fect.
8. Hard sandstoue ledge, partially quartzitic. ... cooco o iionmameaiaan, 100
7. Steep slope, mostly covered, but consisting of solt sandstonus corresponding
to and probably constituting the fossil wood and eyead bed ... ........ 7
6. Vertical eliff of soff pinlkish and white sanfsbonent =l N Lo L
5. Slope, mostly eovered, of alternating sandstones and elay shales........__. 75
Jurassic, 135 feet.

4. Olive-gray cluy and sandstone shales, ineluding the Atlantosanrus beds .. 60
3. Other Jurassic beds, mostly obseured ..o cooooooooonoooameenimnn e aes %5
Red beds exposed, 100 feet.

2, Girass-grown slope with occasional red patehes indieating Red Beds---..-.. 50
1. Red beds in the valley to bottom of Chilson Creelk oo .. .coommnneonne—nnn 50

Total height of Parkers Peak to bed of Chilson Creek ... .....oon.eo- 546

Some 10 miles east of Minnekahta station the broad Red Bed valley
gradually closes in to form a canyon narrowing eastward, th rough which
the small stream known as Hot Brook, having its source in numerous
thermal springs, passes. This at length unites with several other
branches and forms what is there known as Fall River, on which the
town of Hot Springs is located. Here the course of the drainage bends
southward and breaks throagh the high ridge on the south, forming a
“gap” through the foothills nearly parallel to Buffalo Gap, 15 miles
northeast of that point. Its course is here southeast, and where it
enters the hills and forms a deep eanyon it affords an excellent section
through the Cretaceous sandstones, with a length of some 4 miles, to
where it enters the Fort Benton clays and ultimately emerges upon the
plain and joins the Cheyenne River.

The electric-light plant for the town of Hot Springs, some 5 miles
distant from it, marks the termination of the Dakota strata, and Evans
quarry, which is just above this point on the left bank of the stream,
yields very fine building stoue from a massive stratum nearly 60 feet
thick,’coutaiuiug no organic remains. But immediately over this
building-stone stratum occur shales and sandstones in which dicotyled-
onous leaves had previously been found by Professor Jenney. It was
in consequence of this that he had assumed that the cycads were from
the true Dakota group yielding dicotyledonous leaves, But it soon
became apparent, on visiting the region, that this was not the ease and
that the equivalent of the eycad bed was some distance below the quarry
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gandstone, which is virtually the equivalent of the massive sandstone
forming the erest above the fossil forests.

We made a careful measurement of this section and it was published
in my article. In my second visit, in 1895, 1 conld find no reason for
any essential modifications in that section, and T therefore reproduce it
here without change. The quarry sandstone dips very rapidly to the
southeast, so as to eome down to the bed of the stream at the electrie-
light plant and to constitute the roek over which a fine cataract flow’s
at this point and through which the water has worn deep longitudinal
gToOVes. Immediately over these rocks there is a bed, some 6 or 8 fest
in thickness, of dark clay and argillaceous sandstone shales, with car-
bonaeeous matter and some impure coal. In this bed was found a great
abundance of more or less comminuted vegetable matter, with short
fragments of culns of reed-like plants, which it has net heen possible to
determine. There also oceuar, in certain of the shales, a few tolerably
well-],u'e'served dicotyledonous leaves, some of which have been deter-
mined, and were sufficient to prove beyond a reasonable doubt that this
stratum belongs to the true Dakota group. A small collection was
made near the cataract over the hard sandstone on the right bank of
the stream, above the electric-light plant.

This bed was easily followed to the quarry, where it constitutes the
overlying mass whieh it i8 necessary to remove in order to uncover the
workable sandstone below. At this point the bed also contains layers
of soft white sandstone of considerable thickness. Large blocks of this
had been thrown down and lay strewn at the foot of the quarry. On
the surfaces of these, and more or less scattered through their mass,
were impressions of dicotyledonous leaves of Dakota types. The shales
were also found in place above the quarry, and some of these yiclded
very good speeimens, No fossil plants were found in any bed below
this layer. For a long distance on both sides of the canyon the quarry
sandstone forms the crest of the ridge, constitnting anore or less abrupt
escarpment of from 25 to 75 feet.

Higher up the stream the beds below the quarry sandstone come
into view, consisting of softer sandstones, argillaceous shales, and car-
bonaceous layers, with impure c¢oal seams, all highly charged with
gypsu. These finally come down to the bed of the stream and are
ultimately seen resting upon the, Jurassic clays, which in turn overlie
ihe Red Beds. Some distance below Hot Springs the Cretaceous cau
be seen at the summit of the cliffs with the whole thickness of the
Jurassic below them and the Red Beds at the base. These latter, at
and about Hot Springs, are overlain by heavy beds of conglomerate,
probably of Pleistocene age,

The following is the section as measured below Hot Springs:

SECTION AT EVANS QUARRY.
Fort Benton.

11. Grayish black elays with layers of ferruginous coneretions, extending to the
sonth fork of the Cheyenne River—contact conformable,
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Dakota of Newton, 359 feet.

Ieot,.
10. Pink sandstone, mostly thin-bedded, with ripple marks and fucoid-like
DEERIONS LS, Bt B et e 30
9. Soft black shales, with traces of earbonized plant remaius and some frag-
menigol fordil wobll oo oLt oo O T 5
& Pink and gray sandstone. ......_.._.___ i el s 30
7. Clay shales and sandstones, the latter sometimes white. all plant hearing,
much comminuted vegetable matter, matted beds of swamp plants, and
well-preserved dicotyledonons leaves of Dakota types, determinable. . . . 10
6. Black elay full of earbonaceous matter, with loeally 6 inches of fwpure
ey SN G . o e o 1 Wi st 4
9. Quarry sandstone, massive, light pink, soft, weathoring iron-hrown ... i3
4. Soft yellowish and reddish sandstones.. ... .._._.._________ 108
4. Drab-colored elays with carbonized vegetable matter and gy psum erystils,
interbedded with yellow sandstones...... ... 30
2. Soft yellow und reddish sandstones with some clay layers. o foe o oo 60

Juransic,

1. Olive-gray, dral, or blnish clays with reddish and yellowish sandstones, to
bage,

This section may be represented diagrammatically as follows:

SSRGS
/0 V7
F16, 120.—Section throngh Minnekahta Canyon, 1, Jurassice; 8, Bqnivalent of plant bed in section

No.1; 4, (Upper portion) Equivalent, of oycad bed in section’ of Mattios Peak ., 5. Quarry sand-

stone: 7, Dakota leaf bed; 11, Fort Renton,

It will be seen by a comparison of these sections that they are in
substantial agreement, although no effort was made to make them so.
The upper member, No, 13, in the section of Matties Pealk (supra, p.
534) probably represents the quarry sandstone of this section, which
was considerably thicker at that point, 15 feet more being found, exclu-
sive of erosion; but these rocks were often mueh harder, and no quartz-
itic rocks were seen in the quarry. On account of the débris thrown
down from the quarry and other obstruetions, it was not possible to
examine the next member below with as mueh care as was desirable in
view of the fact that it seems to be the equivalent of the cycad and
fossil-forest horizon; i. e., No. 12 of that section corresponds to the
upper 30 feet of No. 4 of the present one,

IIL. THE BLACKIIAWK REGION.

In a letter whick I received from Professor Jenney, dated Angust
28, 1803, he gave me the first intimation that cycadean trunks had been
found in other parts of the Black Hills than the Minnekahta region,
In that letter he says :

I learned from Professor Carpenter, formerly of the School of Mines at Rapid City,
that there is a fine cycad in the collection of that institution. The specimen was
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founil lying on the surface near Piedmont, South Dakota, a small station on the
Fremont and Elkhorn Railroad, some 18 miles north of Rapid City and nearly 50
miles northeast of Hot Springs. Professor Carpenter tells me that this eyead may
Lave been derived from either the Jurassic or Dakota. Near by are the ‘“Atlanto-
sanrus” beds in the Jurassic, from which Prof. 0. €, Mursh obtained many hones of a
new species of “Atlantosanrus.” Fossil bones, Professor Carpenter (who first dis-
covered these fossils) tells we, are very abundant in the Piedmont loeadity. It
would appear that the eyead-bearing beds, whatever age they may be, encirele the
Blaclk Hills, so it is probable that ofther specimens may be fonnd.

Being much interested in this statement, 1 wrote him at onece with
regard to it, and his next letter, dated September 22, 1893, contained
the following additional information :

I find that the two specimens of cyeads at the School of Minesare in all probability
of a dillerent specics from those found at Hot Springs.  The specimens may belong to
one individual., One is the dome-shaped termination of a trunk ahout 15 inches in
diameter; the other appears to be a fragment of the trunk. Compared with the Hob
Springs variety, the trunk of this is faller, more cylindrical, aud the markings of the
leafstallks rodely pentagonal, seven-eighths to 1 inch in diameter, sometimes irregu-
larly four-sided, not rhombic like those we found. T cannot learn the exact Lorizon
at which these cycads were found.  Some person bronght them to Rapid City, where
for months they remained in a vacant lot until noticed by the dean, who removed
them to the School of Mines. Boif is not at all certain that they were originally
derived from the same or equivalent beds as those yielding eyeads at ot Springs,

In a third commuuication, dated October 8, 1893, on the same subject,
after having examined the specimens at the Sehool of Mines and made
outline sketches of their general form and also of the formn and size of
the leaf sears, which he kindly inclosed to me, Professor Jenney further
states :

Now about the eyead specimens af the School of Mines. Aftersome detective worle
I have learned that the man who found them isnow living in Florida. 1 have written
him to ascertain the exact locality. I hope in o few weeksto have a camera and will
then photograph the specimens.  Iinclose a rnde outline sketeh with measnrements
of these specimens at the Schoel that will show you the shape; also a sketeh showing
the variations in shape in the leafstalk cells.  These specimens differ from the Hot
Springs species in having a more eylindrical and much taller trunk, free fron excres-
cences or branches, and in the shape and arrangement of the leafstalks, which are
in the School specimens imperfectly frigonal, quadrilateral, or pentagonal, and
frequently strongly winged on two opposite angles. The arrangement of the leaf-
stallk pits on the tranl is not so symmetrical in the concentric spiral lines as exhib-
ited in the Mot Springs speeies. The lealistalks in the School specimens can he seen
passing cntirely throngh the outer barlk of the eycad, a distance of 5 to 6 inches,
terminating at the pith-like core, It would be possible to break them out in pris-
matie pieces of flint, the exact cast (?) of the original leafstallk,

Still later, October 21, he adds:

I have continued my detective work on the eycad specimens at the School of Mines
and have at last traced them back fo the man that found them, now at Kenka,
Florida. In 1877 Mr. J. M. Leedy, of Rapid City, found the eycads in tlhe foothills
some 6 or 8 miles north of Rapid City. They remained at his ranch for a long time
and were taken to Rapid City for exhibition at a fair held in Liberty [lall; were not
returned, but at the conclusion of the fair were thrown out in a vacant lot near the
hall, remaining there several years until removed to the School of Mines, Mr,

19 groL, PT 2——36
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Leecdy states that he found the specimens north of Box Elder Creek, on the divide
between that stream and Elk Creek, and cast of the railway (Fremont and Elk-
Liorn), =0 they wonld be much nearer Rapid City than Piedmont. 1 will visit the
locality soon and try to find more specimens at the same horizon.

Some negotiations were entered into for the loan of the specimens to
the United States National Museum, but Professor Jenney’s connection
with the State School of Mines terminated about that time, and as T
intended to visit the Hillsagain I did not press the matter further then,

As already stated (supra, p. 345), I stopped at Rapid City in the
summwer of 1895, when on my way to Oregon, Montana, and California,
arrriving there August 19. 1 proceeded on the same day to the Stafie
School of Mines in company with Professor Jenney, and through the
kindness of Dr. V. T. M'Gillycuddy, president of the State School of
Mines, I was permitted to examine the specimens abont which so much
had been said. In the meantime I had desecribed the species' and
nawed it Cyeadeoidea Jenneyana for Professor Jenney, my deseription
being based on his notes. President M'Gillycuddy very generously
consented to the loan of the specimens to the United States National
Musenum, and arrangements were made for their shipment to Washing-
ton, where they arrived in due course of events and were here on my
return from California in the fall. They are thoroughly described and
illustrated below (pp. 627, 628, Pls. CXXI-OXXYV),

The problem was to ascertain the exact locality from which these
specimens had been taken, and we spent the rest of the day in making
careful inquiries of the ¢itizens of Rapid City and of all persons in that
vieinity who were in possession of any information on the subject. We
succeeded at length in finding Mr. Gilbert Getchell, a citizen of Rapid
City, who, althongh he does not seem to have first found the specimens,
stated that he accompanied Mr. Leedy at the time that the specimens
were brought in, visited the spot with him, and assisted him in Toading
them info the wagon. He offered to accompauy us as our guide and
felt sure that he could show us the exact spot. On the next day a
party counsisting of Professor and Mys. Jenney, Mr. Getchell, and myself
proceeded to Blackhawk,a station on the Fremont and Ellkhorn Rail-
road, 7 miles northwest of Rapid City, and there obtained a conveyanece
in which our party visited Black’s ranch, about 2 miles nearly due north
of the station. It was less than half a mile north of the house on
Black’s ranch where the cycads lay when Mr. Getehell first saw them,
Not only this spot but the whole region to the north and northeast was
thoroughly explored. No cycads were found, every fragment h'.wiilg
been carefully gleaned by other parties, as explained above, but an
abundance of silicified wood, occurred at nearly all points and even at
the place where the eycads were.

The locality is on the left bank of a ravine which has a southward
course and runs past the ranch house. It is a little level opening

 Proc. Biol Soe, Washington, Vol 1X, April 0, 1894, 1. 87.
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below a wooded hLill. On the hillside, immediately above, fossil woord
was more abundant than at any other point. The rocks consist of
brown sandstones similar in all essential respects to those of the cyead
locality in the Minnekahta region.  The level area on which the cyeads
lay is far below the top of the Jurassie, and the sandstones have all
settled down through erosion of the looser materials from 4 consid-
erably higher position.

The above is all that was known of the oceurrence of cycads in the
Blackhawk region prior to Mr. Wells's discoveries., 1Tis last two in.
voices to Professor Marsh contained 39 specimens from that region,
viz, Nos. 88-126 of the Yale collection, and these were described by me
in June, 1898, 1In the National Museum fhere are 4 specimens from
there. If to these we add the two large trunks that belong to the
State School of Mines, South Dakota, we have a fotal of 45 speei-
mens from the Blackhawk region, which are treated in this paper.

As, on the occasion of my visit to Black’s ranch in 1895, none of my
party had been able to discover any additional specimens, 1 was
exceedingly curious to know where Mr. Wells had obtained so large a
number. The labels on the specimens showed nothing beyond the
fact that they bad been found in the Blackhawk region. Professor
Marsh had, however, at my suggestion, impressed Mr, Wells with the
importance of giving more specific localities for the eyeads, but so
late in the day that 1t was only in case of the last and smallest invoice,
containing 14 specimens, Nos. 113-126, that Mr. Wells had undertaken
to be more exact in this matter. All this emphasized the importance
of my visiting the region again, and under his guidance, minutely
examining each of the localities. This is what was done in October,
1598, A few of the specimens found by him were not far from the
locality pomnted out by Mr. Getehell as that of the original specimens,
Dt were somewhat farther up a small ravine, which has a due south
conrse and opens into the larger ravine having a southeasterly conrse
that passes by the ranch house. By following up this ravine still far-
ther. we passed over a large number of additional localities and these
extended entirely over the divide to the north and northeast. All of
these specimens occurred out of their natural position, among Toose
rocks that had slipped down from the higher cliffs, and the same is
true for most of the specimens from the localities farther to the north-
east on comparatively low ground. They had, therefore, no geological
significance and there was no possibility of measuring a section to indi-
cate their geological position. It was of the utmost importance, how-
ever, that a section should be made, and in order to do this I was
obliged to explore the high hills to the north, which are in their
original position.

About 3 miles due north of Blackhawk and 4 miles southeast of*
Piedmont there is a peculiar conformation of the surf:ﬁcc, consisting
of what seems to be, from whatever side it is viewed, a high plateau,
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rising 300 feet above the valley throngh which the railroad passes and
having a length nearly north and south of about 3 miles and a width
of nearly 2 miles. Buf when one reaches the summit of this high
hill, one finds that it consists in reality of a sort of gulf or amphitheater,
not shown on the topographic map, with a depth of between 200 and
300 feet, but having an outlet on the eastern side, and also a depres-
sion in its vim on the south side; otherwise it is entirely surrounded
by the high ground covered with the Cretaceouns sandstones, has every
appearance of a true basin, and reaches at the highest points the 3,900-
foot contonr line. The uppermost rocks are somewhat quartzitic and
barren, usunally forming precipitous ledges, but the next terraece below
consists of the typical soft sandstones with which the fossil wood and
eycads are usually associated and are found mingled with them on the
spurs and slopes below. In this particular case, however, it has for-
tunately happened that a number of eyeads, and among them some of
the largest and most interesting, were found virtnally in place at this
high Ievel on the inner slope of the rim of this basin at its southern
end. Mr. Wieland had also found a specimen on the west side at the
same level and another half a mile north of the basin at a little lower
level. The discovery of these specimens is very important in confirm-
ing the view at which I had previously arrived, that this highest ter-
race below the quartzitic cap constituted the eyead horizon. In faet it
demonstrates this, at least for the Blackhawk region, ’

I therefore determined to make a section at the precise point at
which these cycads occurred. 1t was impossible to obtain this from
the south side on account of the gradual slope and the numbet of slips
which obseured the strata, and I was obliged to go over on the inside of
the basin at its extreme southern end and measure the section from
that side. Owing to the size of this inclosed valley, however, some of
the same difficulties presented themselves that occur in eases where
broad valleys are adjacent to the slopes, and it was impossible to meas-
ure the thickness of the Jurassic or even to find its contact with the
Red Beds, if the latter oceur at all. The following is the section as
thus measured :

SECTION 3 MILES NORTH OF BLACKIIAWE.

Cretaceons, 200 feet.
Feot,
5. Whitish or yellowish sandstone, greatly varying in hardness, oceasionally
gomewhat QUArtZItic - . o et ciieaeemn e e eeee e 46
4. Soft, yellowish sandstone and sandstone shales with ocensional reddish clay

B L i ain cine e e e R SR AR VS S OO m R e b e SR S 50
griledee ofisott Jight Gandalone e oo aat e se st e v e e 10
2. Blope mostly covered with débris of sand roek, grass, and herbage. ... ____ 94

Jurassic exposed, 100 feel,

1. Jurassic, much obseured, to bottom of eanyon. ... ... ..o 100

Sotal exmMOBIES == ol . s T L U e e L s waela ks 300
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The largest eyead from that region, No, 100 of the Yale collection,
and the largest but one in the world, was found at a height of 110 feet
above the Jurassic contact or 80 feet below the top of the highest
crest on the south end of this basin on its inner slope, and several
other of the most interesting specimens were found either near this or
in relatively the same position somewhaf farther east,

A less sueeessiul attempt was made to measure a seetion at the north
end of the basin, where the rim was found to rise 86 feet above the
top of the Jurassic, exposed below. But it is probable that the high-
est part of the rim here is considerably below the cyead horizon and
the plain slopes away to the northward, so that ne full section can
be obtained. On the west side, where Mr. Wieland found a ¢ycad at
about the same horizon as those at the south end, the rim is very thin
and the rocks have the appearance of dipping rapidly to the westward.
This is, hewever, undoubtedly due to the effect of undermining and
tilting them at the time that the broad valley on the west was being
eroded. On the slope toward the basin the dip is in the opposite
direction, doubtless from a similar canse.

The entire cycad area therefore of the Blackhawk region, as we now
understand it, forms a sort of rectangle about a mile and a halt wide
east and west and 3 miles long north and south, with Black’s ranch at
its gouthwestern eorner, and it extends in altitude from the 3,600- to the
3,750-toot contour line (see map, Pl LV). All the specimens, how-
ever, found below the 3,750-foot contour line are of course out of place.

IV. THE HAY CREEK REGION.

After Professor Jenney and T had discovered, in 1803, that there was
a large series of beds underlying the true Dalkota group in the Black
Hills, the idea of developing an extensive fossil flora assumed a definite
shape in the minds of both of us. His prolonged investigations in all
parts of the Black Hills in the eapacity of a mining expert rendered it
highly probable that if such a flora existed he wonld sometime find it
when studying such outerops as promised to yield coal. An oceasion
of this kind presented itself much earlier than T had expected, when,
the following year, he was employed by the railroad companies to inyes-
tigate the coal fields on Hay Creek, a tributary of the Belle Fourche,
which rises in Crook County, Wyoming, and Hows slightly morth
of east, joining the Belle Fourche opposite the town of that name.
Valuable beds of coal were discovered on {he upper trihutaries of Hay
Ureek, and this general region ig now known as the Hay Creek coal
field, with Barrvett post-office near its eenter. The map (PL LVI)
shows in detail the nature of the llay Creek coal field, and indicates
the stratigraphy, as worked out by Professor Jenney, and all the
localities from which fossil plants were obtained by him and seetions
made,
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The history of Professor Jenney's investigations will now be given.
In June, 1894, 1 received a letter from him dated June 10, from which
I give the following extract :

I have just returned from a three weeks' eamping expedition in the foothills of
the eastern part of the Bear Lodge Range. I had oecasion to study carefully the
Hay Creek eoal field, situated 40 miles northwest of Deadwood, and have measured
many sections covering the Dakata group of Newton. I found much that would
inferest you. It istrue I could not find any eycad trunks, but think we will yet
find impressions of the leaves. Fossil wood is quite abundant in this formation. In
one place a huge tree is sticking in the face of a ¢liff; the trunk is 3 feet in diameter
and extends along Ghe face of the eliff for 40 or 50 feet, forming across the rifts in
the rock a kind of natural ridge. T could only take specimens of the sapwood and
heartwood of this silicified trunk. Tt is too large to send to Washington.

I find in the Hay Creek district four distinet plant-bearing horizons that will
prove very useful in separating the Dakota group into the different epochs. I could
only collect a few plants from each, but have carefully recorded the localities.
Several will, if worked, yield, I am satislied, finely preserved plants, It is true I
have not found in the Lower Cretaceous a graat variety of plants, and that good
gpecimens are nof common,

I discovered between the Jurassic and the Dakota group of Newton eyidences of
unconformity, i. e., that the Jurassic formation had suffered considerable erosion
prior to the deposition of the Cretacepus. Further, between the top of the Jurassic
beds swith characteristic marine fossils and the base of Newton’s Dakota group
there are about 50 feet of lieds as to which I am as yet unable to determine whether
they should be classed as Jurassic or as Lower Cretaceons, These beds are ash-gray
clays with ealeareous clay nodules, apparently without fossils. At the top of this
undetermined series of beds and just beneath the sandstone shales with plant
remains, the supposed base of the Uretaceous, oceurs a bone-bearing bed, from
which I obtained fragments of fossil rib bones 23 inches wide, 3 to 1 meh thick,
The “Aflantosaurus” beds of Professor Marsh, that Professor Carpenter states were
identilied by him near Piedmont, Sonth Dakota, at once came to mind.

T'hope to have time to search the locality and its vicinity and determine the hori-
zon of these animal remains.

To return to the Dakota of Newton, I find it naturally separates into the following
(this is of coursg suhject to future discovery and to the determination of the plants
of the several horizons):

GENERAL SECTION OF THE DAKOTA GROUP OF NEWTON,

Upper surface, probably somewhat eroded, overlain by Fort Benton Shales, 3
‘aet,

1. The Dakota sandstone with eharaeteristic plant remains. The base a
massive sandstone of variable character with respect Lo hardness, per-
centage of irom, 646 . ... coee ol oLl 100

2. Clay shales, sandstone shales, and soft sandatones with, locally, beds of car-
bonaeeous shale and plant remains, plants, forns of modern type, and
ribhon-like fucoids; at base of this member a massive cross-bedded
sandstone 50 feet in thickness; contact stratum, a breccia of clay and
sandstone marking nnconformily ..o.oo. ... .. . 150

3. Massive sandstone 40 feet, underlain by drab clay shales and carbonaceous
shales with plant remains. Plants, ferns, eycad-like in type, pine
needles, plant impressions like modern Equisetum, leaves of willows,
i e s e R e e e 100

4. Soft sandstones, clay shales and clays with one workable (3 to 5 feet thick)
and several smaller local seams of eoal, plant remains, peculiar ferns,
eycad-like, and long {lattened pine needles. . ........................_.. 100
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Pag
5. Asli-colored clays with calcareous nodules. No fossils observed; near fop =
at contaet with No. 4 pecur, locally, fossil bones. .... ... _.___.......... 50

This member may he Jurassie.

6, Jurassie clays and shell limestone with marine fossils—Belemnites, Ostren,
Exogyra, ete.

Professor Jenney comnienced almost immediately to send on packages
of fossil plants. Three packages were sent on June 16, two on June
28, five on July 8, and one on July 12. In addition to this, he sent a
box containing specimens colleeted in  Aungust and September.
Altogether the collection is one of the finest that has ever been made
from any part of the West. It came in admirable condition, with
every specimen carefully and accurately labeled, indicating its locality
and the particular stratum from whieh it was obtained. This collec-
tion was forwarded to I’rofessor Fontaine for determination, and his
report upon it 18 embodied in this paper (pp. 645-702, Pls. OLXII-
CLXIX).

In one of Professor Jenney’s letters, dated Angnst 20, 1894, he gives
the following additional facts, which are well worth recording :

I hope the colleetions 1 have sent inawill insure the determination of the age of the
coal and the separation of Newton’s Dakota group into its several horizons, Since
my last letger [ have doue o great deal of detailed stratigraphie work in theinterval
between the Red Beds and the ort Benton shale.

1 find overlying the marine heds of the Jurassic about 50 feet of light-colored
clays with nodular layers of clay limestones. These beds 1 first supposed tie be pos-
gibly Lower Cretaceous, and marked them No. 5 in the seetion Iseut you in iy letter.
1 have found evidences that these beds arve probably Jurassic shallow-water deposits;
they earcy often large trunks and limbs of fossil wood, and in the layers of impurs
limestone a few small Ammonites near the top of these beds; just below the contact
with the base of No. 4, Cretaceons, oecurs a bone-bearing bed—large elongated
vertebrm and fragments of leg and thigh hones, all in a poor state of preservation.
These beds recall the Atlantosanrns beds of Marsh to my memory, but as I have not
the origwal papers by Professor Marsh on those sanrian remains I can not say more
as to their probable place in the section.

There are evidences that the land was rising at the elose of the Jurassie, for some
of the No. 3 beds may be brackish or fresh water, and that before the deposition of
the lowest beds of the coal series (division No. 4, Newton's Dakota) the land was
ahove water and had suffered a quife extensive denudation, and that the workable
and lowest beds of coal were depositod in basins, channels, and valleys in the eroded
Jurassic. This I believe has not been noted before, T find the dynamie geology of
the region far more complieated as I study it than was at first apparvent, 'There are
faults, elevations of strata, both anterior and subsequent to the formation of the coal.
T have been able to send you quite a representative collection of the plants of No.2
division of Newton’s Dakota; a less extensive one of the plants of No.3 division,
and but few plants from No. 4 division, the horizon of the eoal. I did not try to
eollect from No. 1, the Dakota saundstone proper, as the plants from that horizon are
well known. I have hired three or four miners, and will open the coal in No. 4,in a
new field I have discovered in an unexplored section of this region. It there are
any plants I will send you eollections made.

As I think I wrote you, I find evidences of nnconformity between No. 3 and No. 2
and between No. 2 and No. 1. [ have been nnable to detect any unconformity
hetween No. 4 and No.3. The great unconformity of the Jurassic and No.4 has heen
noted. On the higher ridges of Jurassic surface, No. 3 rests on the Jura and No, 4
is absent.
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1 think I can get yon plants that will show No.4 to be older aud distinet from No.

3, thongh the stratigraphy shows apparent umnterrupted deposition,

Not content with performing these important services, Professor
Jenney has taken time to prepare for me, with permission to use in this
report, an extended series of notes upon the Hay Creek region and a
large number of sections from the most important plant-bearing beds,
Itis with great pleasure that I avail mysell of the data thus furnished,
which L insert bodily into this memoir., The map of the Hay Oreek
coal field was also prepared by him; and taking this in connection with
his descriptions and sections, we have a very full statement of the
geology and paleontology of that region.

Professor Jenney continued to furnish these notes down almost to
the time of going to press. It is my duty to add that he has per-
formed all these services for the pure love of science, and the spirit by
which he has been actuated may be gathered from the following
remark in his letter of April 17, 1898, inclosing the last of his manu-
seript, where he says:

Use these notes when you ecan in writing, and all other notes, maps, and data
sent. Do not worry about giving me credit, The object to be attained is the best
monograph on the coal field. So use all datw as your own and publish over your
own signature, unless there is good reason for not doing go. You have full authority
to omif, ehange, or publish auy or all of the material sent in such manner as you
shall deem best,

A copy of Professor Fontaine's manuseript deseribing the fossil
plants of the Hay Creek coal field was sent to Professor Jenney, and
his notes include a diseunssion of the stratigraphy from the paleonto-
logical standpoint.

FIELD OBSERVATIONS IN THE HAY CREEK COAL FIELD.,
By Warter P. JENNEY.
THE DAKOTA GROUP OF NEWTON.

In the report on the geology of the Black Hills based on the field
work of the sarvey of that region made in 1875, Mr, Henry Newton,
the geologist of the survey, wrote:

It has already been vemarked that the concentration of attention on the main
body of the Hills prevented s thorough study of the Jura. In a still greater
degree it redneed our opportumties for the examination of the Cretaceous, Very
few of onr excursions penetrated more thian the hasal mwemher, and the only exami-
nations of the entire series were in onr rapid approach te the Hills via Beaver
LCreek and on onr return march, So far, however, as our observations extended, it
wis evident that the Upper Missouri section of Meek and Hayden was applicable
without essential modification,! -

Mr. Newton quotes from the Invertebrate Paleontology of Professor
Meek as follows:

No. 1.—Dalota group.

Yellowish, reddish, and oceasionally white sandstone, with at plaees alternations
of various-colored clays and beds and seams of impure lignite; also silicified wood,

! Geology of the Black Hills, p. 175.
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and great nnmbers of leaves of the higher types of dicotyledonons trees, with casts
of Pharella? Dakotensis, Trigenarca Siourensis, Cyrena arenavea, Margaritana Nebras-
oensis, cte.

Localities.—Hills baek of the town of Dakota: also extensively developed in the
surrounding country in Dakota County [Nebraska] below the mouth of the Big
Sionx River, and thence extending southward into northicastern Kansas and heyond,
Thickness, 400 feet.!

Mr, Newton, writing from his own observations on the Dakota group
in the Black Hills, deseribes it as follows:

Prominently developed, forming the capping rock to the foothills thal snrround
the Hills on all sides; appears with its characteristic composition—coarse vellow or
rid sandstones with discontinuous variegated elays. At places o congiderable (hicl-
ness of very soft and fine white sandstone appears at the base.  Elsewhere consider-
able portions are of hard, dense quartzite. No animal fossils were found, but many
remnants of plants—in no case more than mere couly fragments, Thickness, 250 to
400 feet.?

Mr. Newton placed in the Dakota group all the sandstones and clays
included between the Jurassic and the Fort Benton, following Dr. I,
V. Hayden, who had studied this formation alon g the Missouri River,
and who first identified the Dakota sandstone in the Black Hills, Dr,
Hayden having accompanied as naturalist and geologist the expeditions
under command of Gen. G. K. Warren in 1855 and of Capt. W. F.
Raynolds in 1859, who made brief visits to the Black Hills,

Mr. Newton has in the text quoted briefly explained the imperfect
and hurried character of the investigation of the later geological for-
mations in the foothills, which was unavoidable from the necessity of
coneentrating the work upon the metamorphic region of the interior of
the Hills, with its placer gravels and gold-bearing veins.

In the summer of 1877 Mr. Newton returned to the Black Ilills for
the purpose of making a more complete investigation of the geological
strueture and to supply many omissions in the field observations made
in 1875. While there engaged he died at Deadwood from typhoid
fever. The manuseript of his report on the geology of the Black Hills
was left inecomplete at his death and was not published until 1880,

From the early work of Dr. Hayden in this region the unity of the
Dakota group was not questioned until the visit of Prof, Lester F.
Ward in. September, 1893, who eame fo the Ilills with the object of
determining, it possible, the herizon of the remarkable fossil tranks of
cycads found near Hot Springs, South Dakota. In the search for the
cycad locality and in the approximate determination of the horizon from
which these fossil trunks had been derived I accompanied Professor
Ward, as related elsewlere,

The following smmmer I was engaged in an investigation of the
economic value of the coal of the Hay Orveek region in the extreme
northern Hills, distant 90 miles north-northwest from Hot Springs. In
the progress of the field work it was fonnd that workable beds of coal
occurred in the lower part of the Dalkota group. Later, as the relation

L eology of the Llack Hills, p, 174 Geology of the Bluek Hills, p. 175,
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of the different beds was worlked out, and as collections were made of
the fossil plants, it became apparent that the Dakota group was made
up of a number of distinet formations, separable stratigraphically, and
that each division was characterized by a fossil flora peeuliar to itself,
by which it could be readily recognized. The collections of fossil plants
were forwarded for determination to Professor Ward at Washington,
There was also sent a general section of the strata exposed in the Hay
Oreek region, a deseription of the several divisions determined strati-
graphically of the Dakota group, and a statement of the approximate
position of each plant-bearing bed or horizon, referred to its proper
division and measuved from the Jurassic below and also from the
Dalkota sandstone above,

These plant collections, with the accompanying nofes, were referred
by Professor Ward to Prof. Wm. M. Fontaine for examination.

The divisions of the Dakota gronp, defermined stratigraphieally,
were confirmed by the study of the plants by Professor Fontaine, who
farther determined that the divisions (Nos. 3 and 4) lying at the base
of the Dakota group, and includin g the coal beds of economic impor-
tance corresponded most nearly in flora to the Lower Potomae. The
division above (No. 2), Iying immediately beneath the Dakota sandstone
(No. 1), was correlated by its flora substantially with the upper portion
of the Older Potomac (Aquia Creek series), and all of the Dakota group
included between the Jurassic at its base and the true Dakota sand-
stone at the top was thus placed in the Lower Cretaceous.

In the determination of the horizon of the fossil eycads in the Hot
Springs region Professor Ward had previously identified the upper 100
feet of strata of the Dakota group as constifuting the Dakota sand-
stone proper, characterized in the southern hills by an abundance of
well-preserved dicotyledonous leaves. The underlying beds included
between the Jurassic and the Dakota sandstone were shown to be in
all probability Lower Cretaceous, from position, from the abundance of
fossil cyead trunks, and from the confirmatory evidence of a small col-
lection of fossil plants obtained.

The field work in the Hay Creek region and the plant eollections
made have furnished data for the division of the Dakota group into
distinet epochs, corresponding to the prominent divisions of the Cre-
taceous of the Atlantie coast. Irurther, it has made certain the deter-
mination by Professor Ward of the Lower Cretaceons age of the larger
partof the strata in the Black Hills heretofore included in the Dakota
gronp.

THE HAY C(REEK COAL FIELD COMPARED WITIL THE POTOMAQ
FORMATION.

1. Character of the sediments.—The beds lorming the Dakota group
of Newton are either pure sands, clays, or mixtures of clay and sand.
Granitic sands (arkose) are absent. These sediments are consolidated
into rock strata of varying hardness. The sands form sandstone in
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many localities, particularly in the lower part of the Dakota sandstone,
of a quality suitable for building purposes. The clays oceur as clay
shales, save the under and over elays of the coal beds, which are com-
monly soft fire clays, though with a shaly structure.

The beds show little or no distnrbance after deposition. Erosion has
taken place in certain beds prior to the deposition of the later strata
resting upon them. 7The clay balls and lenses—irregular masses and
sheets of ¢clay described as oceurring in the Potomac formation, the result
of the destruetion of preexisting clay beds—do not seem to have their
counterpart in the Black Hills. So far as the writer has had the oppor-
tunity to examine the Dakota formation in other localities in the belt
encireling the Black Hills, it everywhere has the above-described
charaeter.

9. Persistence of plant horizens.—Certain horizons carry plants
throughont the Hay Creek region; notably the plant horizon of divi-
gion No. 3 at the base of the cliff-forming sandstone (No. 3); also the
bed of carbonaceous shales about 100 feet below the base of the Dakota
sandstone in division No. 2.

2. The Lower Cretaceous a coal-forming perviod in the Black Hills.—
At the opening of the Lower Cretaceous the beds of workable coal were
deposited in hollows eroded in the Jurassic surface. A period of quiet
must then have occurred, long enough to form coal with a thickness of
from 3 to 6 feet. The coal appears to have been formed where the
vegetation grew and to have been deposited in basins, channels, and
gmall irregular swampy tracts between the Jurassic hills.

Like the coal beds of the Carboniferous, the Hay Oreek coals have
an under ¢lay, filled with fragments of plant remains, and an over-
clay,in whiceh ocear, in favorable localities, well-preserved plants. Over-
lying and eapping the clays with the included coal are thick beds of
sandstone.

Tn division No. 3 thin coals occur, but are seldom found of workable
thickness. In division No. 2 a bed of black earbonaceous shale occurs
continuously over a considerable area. In the Dakota sandstone thin
impure eoal seams without economic value are found in the upper shaly
strata.,

4. The Newcastle coul.—At Neweastle, Wyoming, at the Cambria eoal
mines, on the southwestern border of the Black Hills, coal also oceurs
in the lowest beds of the Lower Cretaceous. The horizon of the New-
castle coal is about 50 feet above the top of the Jurassic. The coal ig
peculiar in character, having been apparently deposited in the bottom
of a lake, and formed mainly from the leaves of some species of conifer,
The coal iz underlain by hard, massive sandstone and is directly covered
by thick sandstone strata, without a trace of the underclay or over-
clay commonly oceurring with c¢oal beds the world over.

At the Cambria mines this eoal is 7 to 9 feet in thickness. Seams of
splint, or impure coal, 4 to 8 inches thick, occur in the upper partof the
bed. On weathering on the slack dump the fragments of these splint

N
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layers disintegrate intobunches of lon g, flat, pine needles, brown eolored
on the surface; on breaking, of a brilliant jet-black coal within, These
conifer leaves are 3 to 4 inches long, and as a result of one or two
seasons’ exposure to weather a fragment of splint comes to resemble a
bunch of coarse brown-colored hay. These needles will burn when
lighted with a mateh.

The Newcastle coal is heavy, dense, breaking into shaly fragments,
thin at the edges, like rock spalls from a quarry. The ash is nearly
pure silica, apparently made up mostly of fine sand deposited with the
vegetable matter forming the coal. The percentage of ash varies widely
in different parts of the coal bed, but averages about 13 to 18 per cent,
of the weight of the coal shipped. In coking, this coal gives off 2 large
amonnt of condensahle products—tar, ammonia, ete.

The Neweastle coal is used on the locomotives of the Burlington Rail-
road, as a fuel for steam boilers at the Homestake mines, and in the
form of coke in the smelting furnaces (D. & D. Smelter) at Deadwood,
South Dakota. Tt is not favored as domestic fnel. Mieroscopic exami-
nation of specimens of this peeuliar coal from different parts of the bed
might throw light on its origin and formation,

5. Stratigraphical position of the Lower Cretaceous i the Black Hills,.—
Most valuable of all is the precisely defined position of the Lower
Cretaceous, The Dakota group of Newton embraced all the strata
included between the marine Jurassie and the TFort Benton of the Upper
Cretaceous. The marine Jurassic is characterized in the Black Hills
by a great abundance of fossil mollusks, so that the age of the forma-
tion is well established. Resting uncomformably on the marine Juras-
sie, and formed from the products of its erosion, is the brackish or fresh-
water formation which I have designated as later Jurassie, division
No. 5 of Newton’s Dakota group, the supposed equivalent of the Atlan-
tosaurus beds of Marsh. Whether these beds should be regarded as
Jurassic or as transition beds between the .J urassic and Cretaceous, or
should be made the lowest division of the Lower Oretaceous is open to
diseussion. The marked uncomformity between the Lower Cretaceons
and these later Jurassic beds, the great change in the character of the
sediments in passing from the Jurassic (No. 5) to the Cretaceous (No. 4y,
and the resemblance of the few fossil shells found in No. 5 to Jurassie
forms, have led the writer to place this formation in the Jurassic. There
is little doubt that division No. 5 of the Hay Creek section is the same as
the beds included between the Jurassic and the Dakota group at Pied-
mont, South Dakota, on the eastern border of the Black Hills, which
were identified by Marsh as the representative of the Atlantosaurus
beds of Wyoming and Colorado. The Piedmont locality was visited by
J. B. Hatcher, who there found numerous large elongated vertebrse
described by Marsh as a species of Barosauras,! Similar vertebra were
found by my assistants in the upper beds of division No, 5, in the Hay

1 Sixteonts Ann jppl;. U. 8. ('}el,fsa‘\:uyﬁiﬁ I, p. 175,
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Oreek region. Professor Marsh gives the following general section of
the geological horizon of vertebrate fossils in North America:!

Cretaceons - - ... .--— Dakota group.
EJA“HBE(’E“‘“I"J‘H [eas IR R ] Di]JOEn.Urs; Brontosan-
PASRIC e e Baptanodon beds. . ________ | 1us, ete.
JUTIRRIC vaoans 1 “7 ( Mammals; Dryolostes,
Iallopus beds.. ... _________ | ete.

Triassic.
teferring to the *‘remains of an enormous dinosaurian”? found near
Morrison, Colorado, in 1877, and described as Atlantosaurus mon tanus,
Professor Marsh writes:
When first found these fossils were supposed to be from the Dakota gronp, bub
their Upper Jurassic age was soon after determined by the writer from evidence that
placed the horizon beyond dispute,

Professor Marsh continues:

Another locality of Sanropoda, more recently explored by the writer, is in South
Dalkota. on the castern slope of the Black Hills, This is the most northern limit now
known of the Atlantosanrus beds, which form a distinet heorizon along the eastern
flanks of the Roclky Mountains, marked at many points by the bones of gigantic
dinosaurs, for nearly 500 miles. The strata are wainly shales or sandstones of fresh
water or estuary origin. They usually rest uncomformably upon the red Triassic
gories, and have above them the characteristic Dakota sandstones. On the western
slope of the Rocky Mountains the Atlautosanrus beds are also well developed, espe-
cially in Wyoming, but here they have immediately below them a series of warine
strata, which the writer has named the Baptanodon beds, from the largest veptile
found in them. This horizon, alse of Jurassic age, is shown iu the seetion.’

From the above it is evident that Professor Marsh regarded the
Atlantosaurus beds as later Jurassic.

The marine beds of the Fort Benton form a marked boundary to the
Dakota group readily identified by the eye as far as the colors of the
different formations and the peculiar topography which each impresses
upon the field of view can be distinguished.

Upon examining the Dakota group of Newton in detail the Dakota
sandstone is readily differentiated stratigraphically from the lower
divisions by the abrupt change in the character of the sediments, the
Dakota sandstone forming a prominent eliff, while the clays of the
Tower Cretaceous immediately underlying it yield to erosion and are
covered beneath a long grassy slope. Even more marked is the great
change in the flora between the Lower Cretaceous and the Dakota
gandstone, but this I need not go into further,

In the Black Hills the strata of the Lower Cretaceous are thus inter-
calated in a series of well-determined formations, so that the exact
relative position is accurately known, both stratigraphically and
paleontologically.

Fossil wood oceurs in the later Jurassic of Hay Creek, and it is not
improbable that fossil plants will be found in the brackish and fresh

15ixteenth Anu. Bep. T. 8, Geol Surv., Part I, p. 145, ¢ Thid., p. 164. Tbid,, p. 165,
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water deposited beds of the Jurassic when the great extent of territory
covered by rocks of this age, stretching along the eastern slope of the
Rocky Mouutains, is carefully explored and partienlar search made.

6. Liesemblance of the flora of the Hay Orecl coal field to that of the
Lower Potomac.—Professor Fontaine remarks:

The fact that the Hay Creek flora shows a much greater resemblance to that of
the Lower Potomae than to the Kootanie floras of British Amerien and of Great Falls,
Montana, which ocour muel nearer to the Hay Creek region than does the Potomae,
of Virginiu, is another surprising feature (see infra, p- 702).

In my letter of May 26, 1896, I commented on the instilar position of
the Black Hills, and stated that from my own observations the modern
flora is more nearly related to that of the Kastern States than it is to
the flora of the Rocky Mountains,

The Black Iills may have been covered by the ocean as late as the
close of the deposition of the marine Jurassic. No positive evidence
has been obtained that an ¥ portion of the Hills was above water prior
té that date, althongh the water continued shoaling from the Oar-
boniferous to the later Jurassic. Neither has fossil wood been tonund
in the Triassic or the marine J nrassie, and it is not until the later
Jurassic is reached that it ocenrs,

Jurassic formations ocenr west of the Black Hills and along the foot-
hills of the Big Horn Mountains, and extend north into Montana and
south through Wyoming and Colorado to New Mexico. The eastern
shore of the sea depositing the marine Jurassic is not known ; neither
s it known how far to the east the fresh and brackish waters extended
in the later Jurassic. The Upper Cretaceous stretches eastward into
Kansas and Towa. Strata of Jurassic age have not been discovered
east of the Black Hills, I found the marine Cretaceous in Arkansas,
abutting on the Paleozoic, and searched the contact for the missing
formations.

In Cretaceons time a great promontory of land, formed by the
union of the Ozark and Ouachita uplifts, stretehed from Missouri and
Arkansas southwesterly across Indian Territory to the Pan Handle of
Texas. This promountory had its origin in the elevation of the Alle-
gheny continent at the close of the Carboniferons. The land nearest
to the Black Hills on the east during the Upper Cretaceous was the
northwestern shore of this upheaval, which crossed central Kansas in
a line running northeastward into fowa. In Jurassic and Lower
Cretuceous time the western border of the continent may have been
mueh nearer to the Black Hills than in the Upper Cretaceous. 1s it
not probuble that the flora of the Hay Creek region may have been
derived from the east? Further, oceasional strong winds in the Black
Hills come from the east and the heavy rain storms often oceur with a
southeast wind. With all this, with the origin of these winds in the
Gulf of Mexico, with the great extension of the Gulf of Mexico to
southern Illinois in the Mesozoie, may not easterly winds have been
more prevalent and assisted in the migration of the plants westward?
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The Cretaceous shore line lies 400 to 450 miles southeasterly from
the Black Hills. The Kootanie eountry is situated on the head waters
of the Columbia, distant 750 miles northwest from the Hay Creek
coal field. Great Falls, Montana, is somewhat neaver, on the head
waters of the Missouri.

Since writing the above I have found that this subject has been gone
into extensively by C. A. White, J. 8. Diller, and T. W, Stanton, and
that Dana embodied! their views in a map of North America in the
Cretaceous period. According to this map, the Kootanie region would
lie on the northeastern shore of the “Pacific border” and naturally
wouid belong to a different floral province. The tiny dot ou the map
representing the Black Hills, in the middle of fthe Cretaceous area,
seems possibly to have derived its flora from the Alleghany continent.
At the present day not only the plants, but many of the animals and
birds, are of eastern species,

7. Absence of cerlain forms of life in the Oretaccous formation of the
Hay COreek coal field.—Many forms of life which naturally would be
expected to oceur preserved in the sedimentary strata, appear to be
absent. This is the more remarkable because the conditions of climate
and of deposition and the known occurrence of a most varied fauna
and flora in other parts of the country during Cretaceons time would
seem to have been favorable not only to abuundant life, but also to its
preservation in the fossil state. Tt is true that such evidence is of a
negative character, and that the collections made even in the richest
])laint localities arve scanty, yet it is not without value in throwing some
light on the eonditions which subsisted in this region during the depo-
sition of the Hay Creek heds.

a. Absence of cyeads.—COareful search was made, without success, for
silicified trunks or eycads, such as are found abundantly near Minne-
kahta station in the southern part of the Black Hills, Photographs
of these eycads were shown to a number of cattlemen and settlers, hut
no one could recall ever having seen anything resembling them. The
abundance of silicified wood shows that the conditions were {avorable
for their preservation.

b. Scarcity of dicotyledons in the eollections made.—The collections
were forwarded to Washington by mail, for which reason selected
material only was preserved, but in making the seleetion all the mate-
rial left on the ground was carefully examined for impressions of leaves
of anything resembling dicotyledons. Only two or three were found,
all in the beds of division No. 2. In division No. 1, Dakota sand-
stone, dicotyledons occur in favorable loealities, but are mostly poorly
preserved and difficnlt to identity.

e, Absence of marine beds in the Dakota group of Newton.—The cal-
careous clays of division No. 5, later Jurassie, appear to have been
deposited in brackish waters. A small ammonite, a fragment of a
shell resembling Unio, and a few other small and poorly preserved

' Mannal of Geology, 4th ed., p. 814.



HT6 CRETACEOUS FORMATION OF TIE BLACE HILLS.

shells were found in layers of impure argillaceons limestone. These

fossils bear resemblance to Jurassic forms. All the beds of the Lower
Cretaceous and of the Dakota sandstones have been formed in fresh
rater.

d. Prevailing absence in the straia of the Lower Cretaceous and in the
Dakota sandstone of all forms of life commonly oceurring in bodies of fresh
water.—Fossil bones of many species of the Atlantosaurus, as well as
turtles, tortoises, birds, and small mammals are deseribed by Marsh from
the Atlantosaurns beds of Colorado, Wyoming, and the eastern slope
of the Black Tlills. Elongated vertebre, similar to the forms figured
by Marsh, were found in the beds of division No. 5 in the Hay Creek
region, the supposed equivalent of the Atlantosaurns beds of Marsh.

From the base of division No. 4 to the top of No. 1, the Dakota sand-
stone, although many exposures were carefully examined and an area
of nearly 120 square miles gone over, yet not even a fragment of afossil
bone was anywhere found, not a single specimen of a fresh water or
land shell: neither are there in the beds any visible comminuted frag-
ments of shells. Insects also seem to be wanting. What ean be the
reason that while the beds in divisions No. 1, No. 2, and No. 3 were
formed in a body of fresh water, supposed to have stretched for hundreds
of miles, fishes, turtles, reptiles, and aquatic birds have left no trace of
their presence? Neither can I recall finding any fossil plants of species
which would be aquatie in growth.

Fossil wood, which is very abundant in the upper beds of division
No. 2, and occurs more sparingly in divisions No. 3 and No. 4,is nowhere
found to have been attacked by boring mollusks. This is merel ¥ an
evidence of the absence of the sea or of brackish water, all mollusks
which attack wood being marine; but 1 have thought it best to record
the faet.

Whatever may have been the character of the vast body of fresh
water in which these beds were deposited, it is reasonably certain that
it must have had an outlet, and during the time that the beds of divi-
sions No. 4, No. 3, No, 2, and No. 1 were forming, it could never have
been saline to such a degree that chemical precipitates would oeeur,
such as are characteristic of salt lakes—lakes witliout ontlet. All the
beds of these divisions are either clays or sands. Chemically pre-
cipitated beds, as limestones, calcareous sediments, gypsum, and marls
carrying peroxide of iron, are absent. With the exeeption of eon-
cretions of limonite, which occur guite abundantly in the Dakota sand-
stone, much of which is probably of recent formation from atmospheric
waters, all the iron in these beds is in the form of peroxide.

Briefly reviewing the evidence, it may be remarked that the coal of
division No. 4 and its accompanying shales were deposited in local
marshes, occupying depressions eroded in the Jurassie surface. The
coal was evidently formed where the vegetation grew. The beds
resemble the coal formations of the Carbouniferous in having underclay
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and overclay, the latter carrying impressions of fossil plants, and also
in the charaeter of the coal itself—dry, black, noncoking, with little
ash or sulphur.

The third division opened with alternating conditions, forming thin
coals interbedded with shales and soft sandstones, but closed with a
considerable sinking of the region and the deposition of a persistent
sandstone covering the whole Hay Oreek region and dipping northerly
and easterly until concealed beneath the marine beds of the Upper
Crefaceous.

Division No. 2 opens with the formation of a heavy sandstone, con-
tinuous over a great area. The lower stratum of this sandstone is in
many localities a conglomerate or breceia, and there are evidences thaf
the underlying No. 8 sandstone suffered some denudation before the
deposition of the No. 2 sandstone.

These sandstones show evidences, in ripple marks, in cross-bedded
structure, in layers of coarse sand, and in a few beds of conglom-
erate, that they were deposited in shallow water by cwrrents having
frequent ehanges of direction. Division No. 2 eloses with beds of clay
and sandy shale, and locally thin, irregular seams of impure coal,
deposited in quieter waters and during alternating changes of level.
The evidence is seldom seen of denudation having taken place on the
surface of division No, 2 before or accompanying the deposition of the
Dakota sandstone, becanse the contact of the two divisions is in most
places concealed.

The Dakota sandstone shows more than any other sandstone the
effect of currents of water in its formation. The sediment varies widely
in character in short distances and in different beds. Broad sheets of
heavy ripple marks occur, eross-bedded structure is strongly marked,
aud iron in the form of limonite is abundant in certain layers. In short,
from an examiuation of the beds thereis 1o evidence that the conditions
which existed in the Hay Creek region during the Lower Cretaceous
were either unfavorable to the existence of life or to the preservation of
the life record in the roeks. The land was entirely above water at
certain epochs, with marshes, swamps, and shallow isolated lakes in
the depressions between the hills. These conditions were permanent
long enough, during the deposition of the beds of division No. 4, o
form in the deeper basins solid coal 3 to 5 feet in thickness, free from
partings of shale.

Later, in early Cretaceous time, theee were intervals of quiet waters
depositing fine sediments—clays, sandy shales, and fiue sandstones.
To these mud flats suceeeded widespread deposits of sand, Taid by swift
currents, and ripple-marked by the waves. High winds occurred,
which tore branches from trees and leaves from ferns and bore them to
shallow sand flats, where they were buried and preserved, 16 was the
age of reptiles and reptilian birds, yet not a bone or tooth marks their
presence,

19 oL, PT 2 37
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Feet.

10. Unexposed SlOP8 ««xo o ouuiin e aie st eee e oo s 30
9. Yellow sandstone, weathering Drown. ... ...oovoeveeo oo 4
8. Gray-clay shales, basc covered. ... ._...o....._.. ... oo 4
daniinexpoped aloph SBUE R, Ion ERE, Rl STl D e 28
6. Yellow sandstone, thin bedded ........._.... ... ... 8
5. Gray sandy shales.. .. .. S e e S ke RO 2
4. Clay shales with imperfectly preserved plants i s Lo R it L 2
s nechimetlalope et Rl o on Al IRl o e A 6
2. Yellow sandstone, thin bedded. .........__.......__._____ 3
1. Gray sandy shales with well-preserved plants, forming low bluff ... ... 14
otal expapure Lo Bl e e o L R, 136
Unexposed slope to water of Pine Creel ... ... ... ... .. 5

Bed 12 forms the buse of the Dakota sandstone. All the rest of the
section is ineluded in division No, 2.

The section is important from the large collection of plants obtained
from bed No. 1 near the roadside along the bauk of Pine Creek. This
horizon is 106 feet below the base of the Dakota sandstone.

About one-half mile southwest, on the opposite side of the ravine
traversed Dy Pine Oreek, the same beds appear at the top of a sand-
stoue cliff, where the following section was measured:

Seation on the south side of Pine Creok,

Unexposed slope with Dakota sandstone at top not measured. Feet.
9. ¥elow sandsfone cueeesaoa o o oo ool oo 7
8. Gray sandy shales, partly exposed coooo. voooms cotoi i comaee 6
B et e G e S R e 5
6 G sandy ahiden. o e e 3
5. Gray, drab, and black sandy shales, locally a black conl with abundant
RIS o (e s S e e 5
by ERT Sy vt e e Sl e e e T, 3 R 3
3. Massive soft yellow sandstone, the upper layers somewhut shaly, with occa-
stonal plant remains. . ... .o oL oLl e 30
R R L e e e e 1
L. Conglomerate of small pebbles, base notiseen. ... ... ... 2
Unexposed talngto ereek. ... oL 30
O O e s o bas e i SR 99

All beds here numbered are embraced in division No. 2.

The conglomerate bed 1 resembles the stratum marking the uncon-
formity of divisions Nos. 2 and 3 in the sections measured at the Barrett
and the Larrabee and Young coal mines, Uniting these sections, the
thickness of division No.2is 149 feet. Bed 5 of this section is the same
as the plant-bearing bed 1 of the seetion half a mile below the north
side of the creek. From this bed 5 and from the underlying sand-
stone a number of fossil plants were collected,

These localities on Pine Creek are rich in well-preserved plants, are
aceessible, and can easily be found from the data liere given.

The following is a section of Cretaceous strata at Rollins tunnel,
about 14 miles southeast of Robbins Raneh, Crook County, Wyoming.
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Seetion at Rollins tunnel,

Top of platean. Feet.

9. Boft massive reddish sandstone, forming low blnff. . ... ... . ..... 10
8- Unexposed BIOPS - - - ek eaeee o L e 25
7. Massive sandstone, ocher yellow, thin hedded at base. .....ocooovevinn.on. 20
6. Unexpossd glone -c ool oo L s L e 35
b. Sandstone, ocher brown, thin bedded. .- ooovwiciiuminiiiianionse s 6
4 InespoRed Blppe o et e e S R e s e s e e 20
3: Grayeandy SBRIER. oot iassimeraas 5022 S50 S e oo i e e s 8
2. Black carbonaceons shales with finely preserved plants ... ... ... ... ... 3
1, Brablelay shaler s e e e el 5
IR OB L o B L le S S R W SR 132

Bed 9 forms the basal stratnm of the Dakota sandstone covering the
top of the platean. All the other beds are in division No. 2. The
plant horizon, bed 2, is 107 feet below the base of the Dakota sand-
stone and is stratigraphically the same as the bed of black shales at
Robbins Ranch, Oak Creek, and at the localities 2 to 24 miles west of
Mrs. Dorset’s ranch on Pine Creek. This plant locality is in a short
tunnel opened at the bottom of a narrow dry ravine in the plateaun
extending easterly from Oak Creek to the State line.

Below is given a section of the Cretaceous strata exposed on the top
of the plateaun and in the blufls along Oak Creek, near Robbins Ranch,
Crook County, Wyoming.

Section on Oak Creek.

Top of plateau. TFeot.
17. Drab-eoloved clay shales, weathering in thin lamellar sandstone and sandy
(e N e e e DO o DR S5 e W i Pl O e e 21030
16, Sarillstone snd sandyshalen - oo el s SR IO e il L 25
15. Black earbonaceons shales with charcoal and carbonized plant remains
imperfeetly Preseryed . .o o oo s iiee . 3
14, Bandstone-dhin Belded . s L L e b s L 10
13. Massive sandstone, yellow to gray, weathering reddish and ocher brown,
pyoraesh 3o ()3t OSSP IS N B SRS B SR M 40
12. Unexposed slope with outerops of aaudﬁnme ............................. B0
11. Soft massive sandstone, weathering thin bedded, forming top of hluft on
S T e R 15
10. Black carbonaeeons shale and elay ... ... .. ... ... .___. 3
9. Lipht parphish sandstonsl. ool et e 10
8. (nrm e R e e e s L e e e Tl e s e 2
7. Reddish-purple sandstone and sandy shale with cuuumhnns (5 &p/v) o [ 4
Eradottgellow R datons Sree citi o d s et e bt Bo BT 6
5. Clay shales and sandy shales with well-preserved plants ... ...... ... ... 2
4, Gray shales. . e e e i e s s e 3
3. Carbonaceous b] aclk shn,]e LRy ot el RS e e S 3
el elgmessra=n e welaly B e D W L el e o 3
1. Sandstone, base not exposed ...... RO eI s RESRAECYS 5
RIS a1 T et s e e R e e 224
1T e e g, i SO o I oD, J U SOOI . . g« i 20

Water in Oak Creek.
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Bed 17, the Fort Benton shale, rests nnconformably on the denuded
surface of the Dakota sandstone.

The whole formation dips northeasterly toward the Belle Fourche
River, where the Fort Benton has a thickness of at least 300 feet.

The Dakota sandstone, here 78 feet in thickness, includes beds 13,
14, 15, and 16.

Bed 15 is locally a loosely coherent mass of vegetable remains, mostly
leaves, too much decomposed to be determinable.

The remainder of the section lies in division No, 2.

Bed 5 yielded the collection of plants deseribed by Professor Fontaine
from the locality « Cliff on Oak Creek, near Robbins Ranch,” 6 miles
northeast of Barrett post-oflice.

Below is a section of Cretaceous strata exposed on the north side of
the valley of the South Fork of Hay Creek, at the Barrett Coal Mines
1 mile west of Barrett post-office.

Section on South Fovk of Huay Creek.

Top of hill. Feet,
Soil, sand, and gravel resulting from weathering of the Dakota sand-
e R e e e PRy e eae 10
19. Massive soft yellow sandstone ... ... ... ... ... 20
IElinbxnosclislopo i E Ny A sen o 8 | L m L e . 15
17. Outerop of stratum of yellow-brown sandstone. ... ... ____. 5]
16. Unexposed alope of hill.. ... ... ... ___ ... . . .~ 12
I Nellov=broyriaamdstonsl i e s Bo L e e s i 6
14. Purpleclays partly exposed _-.- ... ... .. ____ 20
13. Yellow sandstoue, thin bedded ... ___ .. 15
12. Massive yellow sandstone, cross-bedded, forming eliff. ... ... _________.. 45

11. Conglomerate of small pebbles of flint and quarts . .. ... ... .. 3
10. Breccia of angular fragments of sandstone and shale in whitoe elay, thick-

T e e O e S e 10 to3

9. Yellow saudstone with layer near base of brown iron sand . ... ... ... 10
8. Massive gray sandstone, weathering in thin layers, forming cliff._........ 40
7. Drab elay shales, with plant remains. ... ... 2105
6. Soft sandy shales with carbonized plants ... ... 2
S s i e, S 1
4. Sott yellow sandstone .o.......o.oooeou o 4
3. Drab elay shales.coe oo oo oo 12
il o el 1o W Y SR sl e e e - 3
1. Deabielay shales ... ool .. .. . PRV | RO e s 15
TotlapoRpratn L s h o miel B s e ] 10y e | 246

The base of the above section is probably 30 feet above the top of the
later Jurassic, which outerops on the opposite side of the valley. Beds
1,2, 3, and 4, a thickness of 34 feet, lie in division No. 4.

The bed of thin coal, 5, the plant.bearing shales, 6 and 7, and the
cliff-forming sandstoue, 8 and 9, form division No. 3, 58 feet in thick-
ness.

Sandstones 12 and 13 unite to form the persistent sandstone stratum
of division No. 2, which outerops as a clift along the hillsides in many
localities in the area drained by the branches of Hay Creek.
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In division No. 2 are the beds 10 to 18, both inclusive, aggregating
124 feet.

Bed 19, a low cliff near the crest of the hill, is the basal stratum of
the Dakota sandstone. It forms a prominent landmark on the hilltops
along the north and gouth sides of the valley of the South Forlk.

In this section, estimating the thickness of the beds intervening
between the lowest coal and the later Jurassic, the total exposure of
Lower Cretaceous (No. 2, No. 3, and No. 4 divisions) is 246 feet.

As the section is followed westwurd beds 6 and 7 vary greatly in
thickness, increasing loeally to 30 feet, and finally thinning out to a
stratum only 2 or 3 feet thick, resting unconformably on the Jurassie,

These beds form a persistent plant horizon thronghout the Iay Creek
region. From this locality a small collection was made of fossil plants,

In the shales over the lower coal fossil wood occurs quite abundantly.

The following is a seetion of Cretaceous strata exposed on the north
cide of the valley of the South Fork of Hay Oreek at the coal mines of
Larrabee and Young, 14 miles west of’ Barrett post-office:

Spetion at coal mines on South Fork of Hay Creek, near Barretl,

Top of hill. Feat,
Qoil and sand resulting from the weathering of the I)nko‘m sandstone
forming the ]'llil T e e e R Y e 10 to 30
op, Soft massive yellow sandstone. .. ..o 8
19, Soft yellow sandstone, thin bedded, weathering in a long, grass-covered
e T S e R e T ) '- 5 ............ 15
18, Magsive SOLb ELOF SEAAEHONG -~ o ool i e 20
17. Soft yellow sandstone, thin bedded ... coooom oo 15
16. Uncxpusea‘l. probably elays and ehales, forming a grass-covered slope...... 30
15. Soft massive shaly RO T B N L 15
14. Giray sandstone ghales; PRty eXPOEER: - < ooce s o cinc vt S e et 10
15, Massive yellow-brown sandstone . ... .oo...ooiiiia i 7
2, Une;pnﬁﬂd BlOPB oo i e e e e e e 10
11. Yellow sandstone with conerstions of irom oxide ... ...... ... Tt 12
10, Shaly T T L R 10
9, Yellowish-brown sandstone. ..o e 3
&, Shaly DT L L 0] 1 S . TP 4
7. Soft yellow sandstone ..o oooon 9
6. Breecia of fragmeuts of decomposed clay qImla in white clay. L 3
5, Soft yellow sandstone «.oooooooom i ! 6
4, Massive yellow sandstone, forming eliff ... o .. . . ... 10
3. C]avllmleanudsuud\ TEIRTS e e A L B Mot St 3
2. ¢ Dnﬂ'lumemte of pebbles and sand. with bowlders 1 inch to 2 inches (lmml.tc_r
of hqrd sandstone and siliceous limestone and a few quartz pelihles. ... 3
1. Soft sandstone and sandy shales . e =g N 20

Top of the Larrahee shaft, whic h is siu,tud 1 o he sunk tn a (1(’]1ﬂ1 ut i) feut
passing through the following sirata:

Shales, clays, and SO Eanasione . os e i o5
008 coveemroserrosemmr it et s st te rene s e nmmmmmaE RS e 3
Clay Ty e e e MR L A 13
C_oa] .................................................................... 2
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In the above section the Dakota sandstone, division No. 1, is repre-
sented by 17, 18, 19, and 20, aggregating 58 feet in thickness.

In division No. 2 lie beds 6 to 16, inclusive, with a total thickness of
143 feet.

The breceia (bed 6 of seetion) marks the unconformity with the under-
Iying strata. In this locality beds 7, 8, 9, 10, and 11 of division No. 2
can be seen to unite in outerop and form a continuons eliff along the
hillsides to the east and also to the west of the section measured.

In the same manner beds 4 and 5 of division No. 3 unite to form a
cliff. One mile west all these sandstones unite from the eutting out of
the intervening shale beds and form a single cliff 60 to 70 feet in height,
which eontinues westerly for 2 miles along the hills bordering the north
side of the valley of the South Fork.

Beds 1 to 5, inclusive, and part of the shales in the shaft should be
included in division No. 3, but the line of demarcation from the under-
lying coal and shales of division No. 4 is covered, so thaf these two
horizons can not be here separated.

On the south side of the valley, at a distance of half a mile, the later
Jurassic elays outerop in a range of low hills at such relative elevation
with the coal that it is not probable that more than 25 feet of beds
intervene between the bottom of the Larrabee shaft and the top of the
Jurassic. This gives the total thickness of the Lower COretaceous at
this exposure 302 feet.

Plant remains oceur very perfectly preserved in the shales over the
lowest coal in the Larrabee shaft. Only a few specimens could be
obtained at the time of the examination, owing to the bad air filling
the shaft,

The following is a section of Lower Cretaceous strata at John Barr’s
tunnel, about 44 miles east-northeast from Barrett posc-office, Crook
County, Wyoming:

Section at Joln Bary's tunnel, near Burretl.

Top of low ridge. Teat.
9. Gray coarse Bandatone ......cooios coioiioisaimes va oL, = S ENREL 5
8. Massive yellow sandstone, eross bedded. ...... ... . ... ... ..__.. 30
7. Massive soft yellow sandstone, thin edded - ... ... .. ... ... ...l.oo- 40
6. Coal; impure and shaly . co. o oo o i e e ftod
b. Black carbonaceouns shale with plants. . . ..o oiiicuiiiiiecnamanan 2
3 IE0RE o e e e L e e 1l
B A o e e s W e 1 [ e e ey e i o S S B 2
R Ul i (I B e T 8 L e 1
R eIy BRI e s e e e T e S L ar s e e WSS S S i, ]

Total exposure...... .. e o R 8o

In the above section beds 8 and 9 belong to division No. 2, and the
underlying beds are in division No. 3.

The plant horizon, bed 5, lies approximately 150 to 175 feet below the
base of the Dakota sandstone, and is the equivalent of the beds Carry-
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g plants at the Webster ranch and in shales under third sandstone
at Barrett coal mines and other localities given in the third division.

This tunnel, about 60 feet long, is run on the north side of a narrow
ravine, 14 miles north-northeast from Works post-office. Half a mile
above this tunnel there are two shafts sunk in the bed of the ravine by
Williams Brothers. The following section is given by Mr. Williams of
the beds passed through in sinking the lower shaft:

Seetion of Williams shaft, near Forlks.

Top of shaft at base of Sandstone Cliff, bed 7 of last seetian, Feout.

0TSm0 B e LN b ) (AR RN e N O W esl V. BN, R S 20
4SSl enale oo 28 e, D B n T e e L el R 1

B S S e L e e VT

12. Alternating beds of shale and sandstone. ... ... ... ... .. .. ... 12

LA R o o S e E e R e Bl Bl RIS e %
RO T eleadlyalln, on ol ol M T o SO e N e L el B 2
I e e R Rl s e e e 3
Bl ealiafd mhale = el T e s e e s e e 1
R e e o ey e T TRl B 3
Rl o) e e L N R ) Y S e W 2
5. Black clay shale ehanging to gray shale af base_. ... ... ... ... ... .. e 12
2R b T e e ey S S e e TN 2
2 BhAle With PIanEe s o cii s ot e brime o At hiaine it s e e e 24
2, Sandrock ....... o Ny 0. N e . S &
1. White caleareous x,Lmy '\ml ‘!Jlm- c}fLy.... s S A 22
bRl BRI e e s e e e a0

Bed 1 is later Jurassic, verified by inspection of the last material
excavated in the bottom of the shaft and left on the dump.

Bed No. 3 and some of the associated beds may bélong to division
No. 4, though that formation appears to be wanting in this eastern
section of the Hay Creek coul field. Nearly all, if not all, the beds in the
shaft above the Jurassic clays are in division No. 3.

Below is given a section of Lower OCretaceous and Jurassie strata
exposed near Webster’s ranch, 4 miles southeast of Barrett post-office:

Section near Webster’s vanch, southeast of Barrett,

Top of low hill.

Feet.

5, YellowraamaAton®rme: corimooinat; Smatee fomen o danaorsn dnseteboea L8 LWl 14
o Grayclay shales. oo oo doooe doc it o b LB i s e 0 T 2
7. Black carbonaceons shale with fossil plants. ... oo oo oo . 4
BT Sl RS e i e R e
& IMERONOH o b oo e o e SR e e e e o e Lt AT 10
4, Soft sandstone, ocher yellow .. .. oo 10
s A R g A e 20
BT Y I e e B e e e R R e 7
1. Caleareons sandstone with fossil shells, characteristic Jm assic species ...... 2
Lol SXPOBUERL . ¢o s e o ot e B ks e s i e S wi e e 82

In the above section beds 4 to 9, inelusive, are placed in division No.
3. The prominent sandstones of divisions Nos. 2 and 3 form clifls one-
fourth and one-half mile north of this point.
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The horizon of this plant bed 7 ean not be accurately determined,
but is not more than 200 feet below the base of the Dakota sandstone.

Division No. 4 is wanting in this part of the Hay Creek area, and the
beds of division No. 3 rest unconformably on the later Jurassie.

Beds 2 and 3 of this section are later Jurassic (division No. 5) and
rest unconformably on the denuded surface of the marine Jurassie
bed 1.

The plants colleeted at this locality were obtained from shales at the
entrance to a tunnel run on the black coaly shales in search of a work-
able seam of coal. This tunnel is eaved, so that it can not be entered.
It is reported to have been 50 or 60 feet long, and fhat specimens of
well-preserved plants were obtained by the miners working there.

This plant horizon is stratigraphically equivalent to that of the
loealities at the elifft on the north side of the valley of the south fork
of Hay Creek, the shales under third sandstone of seetion near Bar-
rett, and the beds at John Barr’s tunnel, from all of which small col-
lections of plants were made.

The following is a section of Cretaceous and Jurassic strata exposed
on the hill near Lon Cottle’s ranch, 1 mile southwest of Barrett post-
office, Crook County, Wyoming:

Section wear Low Colile's ranch, southwest of Barrett.

Top of hill. Feet.
e N e S 3 B s S e e e S e e e o B e B}
32. Thin bedded feriaginous samdebone. . Lo. ol cosoi s co oo aoaa e 15
81, Massive sandstone, yellow, and irregularly impre gn.l.ted with iron oxide,
Wemtherm;:o(hurblu\\n.........................__ 35
Bl nazpestd elope oL Tills o s v nee sadictareitinemhint e cae Sdlan o = o oo ) 20
29, Yellowighelrownmandstone . . o o e e Lol 5
P SR B o) T2 IS el e Beos R S S S e e S R S o s e R TS 20
2% Yellowish-broswmsandstone . o 00 T e m e s e b i
26, Tmexposed slope .- cocauiicaanaiaiin i R G B e 20
26, Massive yellow sandstone, cross be tl(lml .................................. a5
24, Yellow sandstone, weathering in thinlayers ... .. ... . ... ... ... 35
23. Clay shales and sandy shales ...... e e e e e 4
22, Soft yellow sandstone. .. ... .. e 2
21, Drab clay shales with plant Temaing. . L. oo il iaiae b
B e e e e e L e 2
19 GEny Cla v e nanie et e LR ) N e Wt ol B I
18. Soft sandstone, ocher-brown colored, thick bedded ... .. .. ... ... ... 18
1. Solt yellow BaBAREONe oo oo el e e e e ees 8
15 Gray sandyshales. coar. cnoll coatiae o saaas D . 4
1 SOt yeliow Bandslion® s o co st hasin sanas i s R ae s sl o 3
s tiyynhiblon,l, o o e B R A R e N S - o1 o 4
13- Conl impareandighaly. oo 8 gt 2
12 Yellow BaR O RNA1EE ot crs we sem e s ve st ey =SSR T P e e et 6
2 3 AR b W BRI DL T R SRS 3
U S R e e e Bl S OS ie P ree A LB e o 1
o T Ty R o F I LRSS~ il = el £ C 2
8, Gray elayishales —oo Tl e L crryeSis 7
7. Carbounaceous shale with thin seam of ] e e e o 1
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Feet.

B} Grohy santy BRRIeE. S e el L L Py s e s 15

5. Carbonaceons’shales with fostil plants. ... .o oo . iil.ol.l 3

4, Boft yellow sindstone, iren apained oo cocino oL snil Juaia. caansucaas 1
3. Light gray and white clay with caleareous coucretions and some erystal-

i fredahy cJun  RRSEREEN BIC SR SRS SR ol D PR S B R PR 30

2. Yellow soft sandstone and sandy shaleés. ... oo oo 0o ool 6

1. Dral clay shales and sandy shisles . oo . .. 13

Unezposed . -zxczneeaacians e A== Sk e & oo ke e A S e i e ST s 3

AW [Tc o 6 b S DL e S SIS o S s o e D P el = 347

Water in creek, the south branch of the Sonth Fork of Hay Creck.

In this section beds 31 and 32 represent division No. 1, the Dakota
sandstone.

Beds 25 to 30, inclusive, aggregating 105 feet, form division No. 2,
which is at this locality, from the union of the two massive sandstones,
beds 24 and 25, into a single eliff, not separable from division No. 3.

Division No. 3 embraces beds 19, 20, 21, 22, and 23, and the cliff
gsandstone 24 in all, 52 feet of strata. ‘Bed 21 is the persistent plant
horizon of this division.

In division No. 4 are beds 4 to 18, inclusive, a total thickness of 78
feet; bed 4 resting on the eroded surface of the later Jurassie.

Beds 1, 2, and 3, aggregating 57 feet, are later Jurassie, and cover
nearly the whole thickness of that formation; the marine Jurassie out-
cropping near the bed of the creck ashort distance west of this section.

Adding 40 feet for the upper beds of the Dakota sandstone, removed
by erosion, the thickness of the Dakota group of Newton, which in-
cluded division No. 5 of the later Jurassie, is 387 feet.

At this loeality the strata exposed of divisions Nos. 2, 3, and 4, rep-
resenting the Lower Cretaceous, aggregate 230 feet.

From bed 5 a small collection of fossil plants was obtained.

THE GEOLOGICAL HISTORY OF THE BLACK HILLS.'
THE CARBONIFEROUS.

The Black Hills, in common with the whole Rocky Mountain region,
were deeply submerged beneath fhe ocean in the early Carboniferous,
the water shoaling near the close of the period. Thick limestones were
first deposited, sueceeded by alternating beds of brilliantly colored
sandstones, with no apparent break in the regular deposition of the
sediments until the purple limestone of the Triassie, lying at the base
of thie Red Beds in the divisions of Newton, is reached.

There are strong evidences that the Carboniferous strata extended
in an unbroken sheet over the entire area of the Black Hills uplift,
Oliffs of Carboniferons limestone completely encircle and inclose the

'The Archean, Canibrian, and Silurian are sef forth in Newton's repors and briefly in my late
“Report ou the geology and ors formation of the Black Hills in the Union Hill mine investigation '
the Black Hills Mining Review for March 21, 1898, pp. 8-17.
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central metamorphic area, and attain an elevation far above the surface
of the slates and schists. The great limestone divide in the northern
central hills, though its surface has lost several hundred feet of Car-
boniferous strata by erosion, has an elevation equal to that of Harneys
Pealk, the highest point of granite in the Archean area. The conelu-
sion is inevitable that these Carboniferous beds were at one time con-
finnous over the central part of the hills and have been removed by
erosion. The beds deposited later, provisionally ineluded in the Cap-
boniferous, are sandstones and marls, more or less colored by peroxide
of iron, in every shade of color—yellowish-white, orange, light to
dark red.
THE ‘TRIASSIC,

It is a8 yet undetermined whether any portion of the Black Hills was
dry land during the Triassic. The writer found near the head branches
of Sundance Creek, in the Bear Lodge Range, evidences of faulting and
uneonformity between the Parple limestone and the later sedimentary
formations, the Lower Cretaceous abutting on upturned Purple lime-
stone.

The characters of the marls, Purple limestone, gypsum, and other
sediments of the Red Beds indicate a deposition, mainly from the
action of chemical forces, taking place in a shallow sea, probably eut
oft from direct communication with the ocean and subjected to recur-
rent periods of desiccation, all the beds apparently barren of life. The
marls are colored by peroxide of iron, evidence of the absence of
organie matter in the beds. Some evidences of uneonformity, much
obscured hy the soft nature of the beds, were seen in the exposures
where marine Jurassic rests on the Red Beds,

THE MARINE JURASSIC,

The Jurassic opened with a shallow mediterranean sea teeming with
life. The small size of the mollusks and other forms preserved in the
beds of the marine Jurassic is thought to be evidenee that the water
was brackish. The reddish and purple shades of color in some of the
beds of fine sediment indicate that the material of which they were
composed may have been derived from the erosion of the Red Beds in
adjacent more elevated sections of the Hills, Fossil wood has not been
found to this date in the marine Jurassie, though it is abundant in the
clays of the later J urassie, so that positive evidence is wanting of the
occurrence of areas of dry land in this epoch. Theincrease in thickness
of the Red Beds and marine Jurassic in the valley of Red Water, sep-
arating the Bear Lodge from the main range of the Beach Hills, is an
indieation of the proximity of land furnishing the material from which
the sediments were derived. The Bear Lodge and the Black Hills are
distinet upheavals, and may have been in places above water at a much
earlier period than has been heretofore thought probable.
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THE LATER JURASSIC.

An interval of time occurred between the elevation of the region
which raised above water the marine Jurassic beds in the marginal
belt of the Black Hills and the deposition of the later Jurassic (No. 5).
The elevation was locally irregular; the Jurassic and underlying Red
Beds were bent upward into ridges and gentle folds, still traceable in
the topography of the region, and the whole surface was later snbjected
fo erosion which wore the soft strata into hills and valleys. In the
depressions in this eroded surface the soft clays and marls of the later
Jurassic were laid down.

Along the crests of the Jurassic ridges in the Hay Creek coal field
the later Jurassic is absent. All the evidence derived from {he occur-
rence of the beds of division No. 5 tends to show that these low eleva-
tions were dry land in that subepoch. The old eroded Jurassic surface
is in places well exposed to investigation in the Hay Creek field, not-
withstanding the great relative modifieations in the elevation and
topography of the Black Hills due to the countinental elevation of the
whole Rocky Mountain region at the close of the Cretaceous and to
the great voleanic disturbanees which oceurred in the northern part of
the Hills and the Bear Lodge Range during the Tertiary.! The sedi-
ments of the later Jurassic were evidently formed from the denudation
of the marine Jurassie beds in the vieinity. Fossil wood is quite abuu-
dant in the clays and sands of the later Jurassie (No. 5). Saurian bones,
more or less waterwornand decomposed, oceur loeally in the upper beds.

THE LOWER CRETACEOUS.

An elevation of the region océurred at the close of the Jurassie or at
the opening of the Cretaceons, shutting off the area surrouunding the
Black Hills from communication with the ocean. 16 is not improbable
that this elevation of the land was continental in its extent and involved
the great basin lying between the Rocky Mountains and the western
shore of the Allegheny continent, streteching from the PPan ITandle of
Texas across Indian Territory, Kansas, Nebraska, and lowa. Some
erosion of the Jurassic surface occurred before the coal formation,
division No. 4 of the Lower Cretaceous, was laid down in loeal swainps,
basins, and irregular channels lying between the low hills and ridges
of the post-Jurassic topography.

This unconformity of the Cretaceous and Jurassic is strongly marked
in wany places in the marginal belt and was first uoted by Dr. Franklin
R. Carpenter.?

During Lower Cretaceous time many oscillations of level ocentved;
the relations of dry land, swamps, and open bodies of shallow iresh

' Vide published repurt on the Geology and Ora Formution of the Black Hills, referred toabove, p. 587,
*Preliminary Report of the Dakota School of Mines npon the Geology. Mineral Resources, and
Mills of the Black Hills of Dakota, Rapid City, 1888, p. 46,
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water appear never to have been constant. Only in the deposition of
the coal in division No. 4 is there evidence of a period of comparative
quiet sufficiently long to admit of the formation of workable beds of
coal in the Hay Creek field. With respect to relative areas, the beds
of division No. 4 eover or underlie the smallest area. Division No. 5
covers nearly all the marine Jurassie on which it rests. The massive
sandstones of divisions Nos. 3, 2, and 1 appear to have extended over
the whole Hay Creek region and to have reached nearly, if not entirvely,
over the Bear Lodge Range. In places on Hay Ureek evidences were
observed of unconformity between division No. 2 and division No. 3,
a break in the uniform deposition of the beds corresponding to the
warked change in the flora. Less plainly marked, owing to the soft
nature of the beds, is the unconformity between the clays of No. 2 and
the Dakota sandstone No. 1.

UNCONTORMITIES BETWEEN THE SEVERAL DIVISIONS OF THE PAKOTA GROUP OoF
NEWTON,

Between all the divisions some change of level occurred, some eleva-
tion or depression of the land, some advance or retreat of the water,
with more or less denudation of the surface, before the later beds were
laid down. Yet no profound disturbance of the strata or upturning of
the sedimentary beds occurred. The oscillations of level were quiet and
the successive deposits of clays, sands, and intercalated coals appear
to be nearly conformable in position. Only by examination of extended
exposures ol the strata are the evidences of unconformity seen.

The unconformity between the marine Jurassic and division No. 5. or
the later Jurassic, is well defined. The greatest unconformity exists
between the Jurassic and the Lower Cretaceous. 1In all the exposures
examined in the Hay Creek region division No. 4 always rests on No. 5
or the later Jurassic, but in many places the beds of division No. 4 are
absent and division No, 3 rests directly upon No. 5. Along the crests
of the ridges of the Post-Jurassic topography the eroded surface of the
marine Jurassic is overlain direetly by the shales and massive sand-
stone of division No. 3. No positive evidence was seen of unconformity
between divisions No. 4 and No. 3 in exposures where the contaet could
be examined. .

It should be noted that No, 4 was deposited in loeal basins of limited
extent, covering only a relatively small part of the Hay Creek region,
while No. 3 stretehes broadly across the field, overlying the post-Jurassic
ridges and reaching far up into the Bear Lodge Range; that No. 4 was
a coal-forming epoch of comparative guiet, but that in the deposition of
No.3 there was evidently a slow sinking of the land or rising of the
great body of fresh water filling the Missouri basin, the subepoch open-
ing with quiet waters and the deposition of elays and thin coals and
closing with the formation of the massive cliff-forming sandstone (sand-
stone No. 3), which covers a larger area than the lowest beds of the
same division.
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The following sketech of the ideal section across the Iay Creek coal
field shows this reaching ont of No. 3 beds onto the land, the waters
rising, and each successive bed advancing farther and farther on to the
post-Jurassic surface until all the local elevations were buried under
sandstone No. 3.

I

o

T 121.—Sketeh showing the extension of the No. 3 beds onto the land, the Jand sinking, the waters
rising, and each suceessive bed advancing on the dennded Jurg surface antil all elevations were
biried under sandstons No. 3; a coal-forming period in the early No. 3, a sandstone-depogiting in
the lniter part,

While no marked break was discovered in the uniformity of the depo-
sition of the beds between No. 4 and No. 3, the plant horizon in division
No. 3, situated in the shales immediately beneath the No. 3 sandstone,
¢an be distinguished in collecting from the plant-bearing beds of elay
overlying the coal at the base of No. 4 by the greater abundance in
the TTay Creek region of certain forms of plant life. In No. 3 the leaves
of Cyeadacea: (Zamia-like forms), commonly in a fragmentary condition,
are abundant, while in No. 4 there are more ferns, usually with delicately
cut fronds, together with remains of conifers.

Unfortnnately, good exposures of the plant beds in division Ne. 4
are rare on Hay Creek, and the collections made are very meager. Still,
the plant remains found impressed the writer with the thought that
there was possibly a somewhat warmer climate in the region during the
deposition of No. 3 than had prevailed in the coal-forming epoeh of
No. 4.

Between division No. 3 and division No. 2 were found irregular beds
of conglomerate composed of water-worn pebbles embedded in clay, and
other evidences that some erosion of the No. 3 sandstone had taken
place prior to the formation of sandstone No. 2, this unconformity mark-
ing the break in plant life.

The npper beds of division No. 2 are mostly soft clays, clay shales,
and sandy shales, so that evidence of unconformity between No. 2 and
the Dakota sandstone No. 1 is very difficult to obtain. Further, the
contact at the base of the cliffs of the Dakota sandstone is rarely ex-
posed for obseryation. There are some evidences of a denudation of
the No. 2 beds before the deposition of the Dakota sandstone, and
the great break in plant life makes this more probable. The Dakota
sandstone covers an immense area in the Missouri basin, and from the
nature of its formation should naturally be expected to be unconform-
able to the Lower Cretaceous, on whieh it here rests.
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The unconformity of the Dakota sandstone and Fort Benton seems
to be the result of erosion of the upper beds of No. 1 by the advancing
sea depositing the Fort Benton elays, the profound sinking of the
region admitting the ocean into the Missouri basin.

DYNAMIC GEOLOGY.

The relation of the coal-bearing areas to the Black Hills uplift and
to local subordinate uplifts and their dependence on these will now be
considered.

All the coal beds so far discovered oceur in the outer border of the
Black Hills, in such proximity to influences of.the uplift that it is
somewhat less probable that workable coal of division No. 4 will be
found beneath the later formations far out from the Hills by drilling
or shafting. The condition prerequisite for the formation of coal—the
elevation of the land above water—seems to have obtained onl y in close
proximity to the uplift.

In the deposition of the beds of division No. 3 the conditions were
very different; there were widespread marshes forming coals, mostly of
too limited duration to admit of workable beds being deposited ; oseil-
lations of level and frequent changes of conditions, both of life and
of the deposition of sediments, being the rule. Thin coals have been
found in No. 3 beds, in the Belle Fourche well, and in other drill holes
put down through the later formations; also in this division in the areas
of the Dakota group resting on the high ridges of the Jura surface in
the Hay Creek region.

All coals ocear in broad expansions of the belt covered by the Dakota
group, which completely encircles the Black Hills aplift, and also in
places where there are extensive areas of Lower Cretaceous beds nearly
horizoutal in dip. Where the dip (which is radial from the centers of
uplift) is steep, the belt is narrow and no coal is found. TFor this reason
the narrow outerops of the Dakota group from Bear Buttes to Buffalo
Gap, along the eastern border of the Hills, do not carry more than
thin coals. This is another instance of the influence of the uplift.

All have been formed in local basins, channels, and depressions, and
in some cases in the bottom of lakes, eroded in the Jura surface, so that
the governing factor of the localization of the coals of division No. 4
is the post-Jurassic topography. In this localization the depressions
in the Jura surface have been influenced by local uplifts and eleva-
tious of the land as well as by the folding of the Triassic and Jurassic
beds, and also by certain faults, which in occurrence antedated the
Cretaceous.

Incident to this deposition of the strata of division No. 4 in loeal
basins, if is noticed that where the Dakota group is thick, particularly
with the beds of divisions Nos. 3 and 4, the coal is thick; and where
the formation is thin the coal beds are thin or absent. It has also been
observed that the sandstone capping the coal (the No. 4 or ocher sand-
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The fossil forests, though less important, partly beecause so imper-
fectly worked up, nevertheless possess a special historical value, as has
been shown, and the one species systematically deseribed will be placed
under a speeial head.

The remaining material, consisting of impressions of leaves, fronds,
fruits, and other organs, naturally fall under two separate heads on

rweount, of their different geological positions, those from the lower beds
belonging to the Lower Cretaceous, while those from the upper ones
belong to the true Dakota group. With regard to the former of these
classes, in view of the small number found in the Minnekahta region,
most of which also ocenr in the Hay Creek region, it has not been
thought Lest to treat them separately.

Four subdivisions will therefore be made of the general subject, as
follows:

1. Fossil eycadean trunks.

2. Fossil forests.

3. Other Lower Cretaceous plants.

4. Plants from the Dakota group.

1. FOSSIL CYCADEAN TRUNKS.

In the historical and geologieal portions of this paper it has been
necessary to disenss the oceurrence of cycadean trunks in the Black
Hills at considerable length, and it only remains to speak somewhat
more speeially of the particular localities from which the important
specimens were taken. The six specimens originally purehased of Mr.
F. . Cole were all reported to have Leen found on the spot to which
Messrs, Cole and Payne guided my party in 1893, viz, on the southwest
side or slope of the middle ridge of Bradleys Flat. These embrace
Nos. 1-6 of the collection of the United States National Musenm, and
constitute the types of Oycadeoidea dacotensis (MeBride) Ward emend.,
C. Colei n. sp., O, pulcherrima n. sp., €. Paynei n. sp., and €. colossalis
u. sp. No. 7, which is the type ol (. minnckahtensis n. sp., was found
by me on the same spot, as were also Nos, 8-19, mostly fragments, and
representing 0. MeBrided n. sp. (Nos. 8, 9,10,13, 14, and 16), C. occidentalis
n. 8p. (Nos. L1, 12,17, and 18), (. Marshiana n. sp. (No. 15), and possibly
0. minnehahfensis (No. 19). The small specimen obtained from DMr.
Homer Moore in 1895 was thought by him to be from this loecality,
but as it belongs to O, Jenneyana, most of the specimens of which have
been found in the Blackhawk region, 1 regard this as doubtful. The
two speecimens belonging to the Woman’s College of Baltimore (Nos.
1501 and 2128 of the museum of that college), purchased by My,
Arthur Bibbins at the World’s Columbian Exposition at Chicago in
1893, who was informed by the person who sold them to him that they
were from the Black Hills and had been cut and polished in Germany,
belong also to C.Jenneyana, and are probably from the Blackhawk
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region. The two specimens obtained by TProfessor Jenney from Mr.
MeBride were doubtless correetly represented as from the last-named
region, and also belong to C. Jenneyana. Two other specimens which
Professor Jenney obtained for me from Mr. Stillwell are from the same
source. One of them represents C. Jemneyana, and the other is the
type of O. Stillwelli n. sp., a species which also oceurs in the Minne-
kahta region. The precise locality from which the two original type
specimens of the first of these species were obtained has already been
quite fully described .(supra, p. 562), and that of the only specimen
known of €. excelsa n, sp. will be stated as acenrately as the data permit
under the deseription of that species (infra, p. 638).

The mueh larger number of specimens (126) represented in the great
Yale collection scarcely extends the range above indicated. With the
exception of No. 1 of that collection, representing C. dacolensis, and
found 2 miles west of Sturgis, as alveady explained (supra, p. 548),
these specimens all eame from the Minnekahta and Blackhawk regions.
The ecareful survey, however, which I made of those two fields in
October, 1898, having Mr. Wells as my guide, has greatly broadened
the earlier conceptions of them, and has not only shown that the area
over which the eycads oceur in both is quite large, but also that their
geological position is everywhere praetically the same. It is the geo-
graphical and probably only to a limited extent the geological posi-
tion that gives specilic variety to the eyeadean flora of the Black Hills.
The commoner speecies, such as 0. dacotensis, C. MeBridei, and C,
Stillwelli, will probably be found at nearly all points where cycads
oceur, while the rarver ones will be restricted to special regions.

An 1mportant extension which these new discoveries has made in
the Minnekahta region is the development of the large cycad-bearing
area to the southeast of Minnekahta station eastward from Parkers
Peak. Mr., Wells pointed out where he had obtained a large number
of specimens in this area, but with the exception of the one that was
so striking from being completely chalcedonized (No. 5 of the Yale col-
lection), I was unable to identify any of the specimens from his verbal
descriptions, This will probably be done in the future, as he can
doubtless recognize most of themn from the figures in this paper. As
all three of the ridges eonstituting the eycad-Dearing area of Bradleys
Flat are immediately adjacent to one another, this may be regarded as
a unit so far as the geographical distribution is concerned. Mr. Wells
was able to show me the exact spot where each of the most striking of
the large specimens occurred. Most of them were on the middle ridge,
but No. 21 of the Yale collection, the large and fine specimen that con-
stitutes the type of the new species, €, Wellsit, was found on the most
southwesterly of the three ridges. A number of the other more strik-
ing specimens were also found there, including No. 14 of the Yale col-
lection, donbtfully referred to O. minnekahtensis.
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With regard to the Blackhawk region, it is equally clear that prima-
rily there was one general area such as I have deseribed , and that the
specimens have not been laterally transported to any great distances,
Those found at lower levels may be regarded as having probably been
imbedded in rocks almost vertically over where they occurred. Not
only are the slopes to the south and southeast of the ampliitheater the
resultof the gradnal undermining and dropping down of the highersand-
stone ledges, but the amphitheater itself has its inner walls lined with
these rocks, while those on the inner side of its rim dip inward toward
its center on all sides, still farther emphasizin g the manner in which it
was execavated. There is therefore no special significance in the par-
tieular parts of this general area at which different specimens were
found. The two species that specially characterize this region are '
C. Jenneyana and C. ingens n. sp., and it may be said that the former of
these species predominates at the more sonthern portions of the area,
while the latter oceurs chiefly farther north and higher up, near the rim
of the basin. It was therefore not until Mr. Wells had explored these
latter portions that this species was discovered, bat here it was found
quite as abundant as C. Jenneyana is below.

The general localities for all the cycads of the Yale collection are as
follows:

No. 1. Two miles west of Sturgis, 1 specimen.

Nos. 2-87. Minnekahta region (impossible at present to designate
their exact location except in the few cases mentioned above), 86
specimens,

Nos. 88-126. Blackhawk region (more precise location of a few spec-
imens given ubove and others under the description of the species), 39
Specimens.

To sum up the subject of the geographieal distribution of fossil
cycadean trunks in the Black Hills, it may be stated that they have
thus far been chiefly found in two areas—the one on the southeast and
the other on the east side of the Hills, the latter near the center from
north to south. The former of these areas, if we combine, as we
properly may, the Bradleys Flat and Parkers Peak localitics into one,
extends in an east and west direction for at least 5 miles with a width
varying from half a mile to 2 miles. The other, as already stated, is
from 1 to 2 miles wide east and west, by 3 to 4 miles long north and
south.

In addition to these areas, however, cyeads have actually been found
and collected at four other widely separated points in the Cretaceons
rim, one of which I have myself visited. This is 2 miles west of Stur-
gis, as above stated. Another is the place where the unique specimen
representing the new species O. excelsa was found, deseribed as fully
as the data permit under that species.

A third locality is somewhere between Bellefourche and Speartish,
not yet definitely fixed, but believed to be in the breaks of Hay Creek.
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This loeality is well vouehed for. The specimen was obtained several
years ago by Mr, Stillwell from a person residing in that part of the
country. Mr. Wells purchased it of Mr. Stillwell and owned it a num-
ber of years before disposing of it. He described it minutely to me,
and from his description I judge that it represents a new species.
He is certain of the above facts as to location and will probably learn
further particulars in the future.

The fourth and last of these outlying localities is in the vicinity of
Sundance, in Wyoming. Mr. Wells showed me a specimen at his
house that he had himself obtained from there, and he intends to
malke further explorations in that region at an early day. The posi-
tion of the cycads here is the same as at all other points, viz, in the
soft sandstones and shales near the summit of the Cretaceous rim.

Cyecads have therefore actually been found on nearly all sides of
the Black Hills in the same geological position, and there is no doubt
that other localities will be disecovered which will close up more and
more the intervals separating the areas now known.

All the fossil eycadean trunks that have been found in America thus
far probably belong to one genus, the Cycadeoidea of Buckland. In 1894
I published a revision of that genus' and in 1897 T deseribed the seven
species then known from Maryland.: In the latter paper I gave a full
description of the genus in the light of modern research. The classi-
fication adopted was not that of Engler in Engler and Prantl’s
Natiirlichen Pflanzenfamilien (IL. Teil, 2, Abteilung, pp. 24-26), which
is modeled after Schimper’s treatment in Zittel’s Ilandbueh der Palie-
ontologie (Abth. IT, pp. 211-232), and is no longer accepted, having been
materially changed by Potonié and Engler in the same worlk (Nach-
triige zu LI-1V, pp. 14-17; 541, 360). According to this the Bennettitales
form a class distinet from the Cycadales, or living eycads, consisting
of the exclusively extinet family Bennettitacem, coordinate with the
family Cycadacewr, which is restricted to the forms now living. Potonié
weuld refer the greater part of the forms that 1 have called Cycadeoidea
to Oarruthers’s genus Bennettites, which Count SBolms-Laubach restricts
to such as have been found to contain seeds in the fruits, i. e., practi-
cally to one species, B. Gibsont, and chiefly to one specimen, I have
already pointed out® that this is simply an accident of preservation
and not a good ground for the establishment of a new genus, and there-
fore T wounld adhere to Buckland’s name, which has priority over all
others, and eall them all Cycadeoidea. In all other respeects I am quite

! Fossil cycadean trunks of North America, with a revision of the genus Cycadeoidea Buckland:
Proc. Biol, Soc. Washington, Vol. IX, April 9, 1804, pp. 75-88,

? Descriptions of the species of Cyeadeeidea, or fossil eyeadean trunks, thus far discovered in the
Iron Ore belt, Potomac formation of Maryland: Proc. Biol, 8oc. Washington, Vol. X1, March 13,
1897, Pp. 1-17.

3 Proc, Biol. Soc. Washington, Vol. IX, April 9, 1804, p. 79.
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willing to conform to the classification of Engler and Prantl’s great
work, The arrangement will therefore be as follows:

Subkingdom SPERMATOPHYTA (Phanerogams).
Subdivision GYMNOSPERN AE.
Class BENNETTITALES Engler, 1897.

Famliy BENNETTITACEAD Potonié, 1297,

Genus CYCADEOIDEA Buckland.
Pls. LVII-LXIL.

1827. Cyvadeoidea Buckland: Proc, Geol. Soe. London, Vol. T, No, 8, pp. 80-81 {session
of June 6, 1827).

1828, Cycadeoidea Buekland: Trans, Geol. Soe. London, 24 Ser., Vol, IL, pp. 375401,
Pls. xlvi-xlix (volume dated 1829, buf wemoir probably issued separately
in 1828),

Trunks chiefly low (30 to 90 ¢m. in height) and more or less conieal or
oval in shape, but sometimes tall, reaching over a meter in height, and
cylindrieal, 15 to 75 em. in diameter, nsually simple, but sometimes
branching, with a depression at the summit, in the middle of which,
when not decayed, there is a terminal bud of conical shape; terminal
bud, however, usually wanting in the fossils, leaving a cavity commonly
known as the “crow’s nest,” by which name, for this reason, the speci-
mens from the Portland quarries are popularly known. The armor
consists of appendicular and reproductive organs surrounding and
enveloping the axis, the former being the bases of the leaf stalks or
petioles, which are surrounded by a dense mat of ramentum or fine hairs.

The leaf stalks are normally four-sided and four angled, the lateral
angles acute and nearly equal, the vertical angles obtuse but unequal,
the lower much sharper than the upper, 8o as to render the cross section
subrhombie. This form varies on the one hand to a true rhomb, and on
the other hand to a true triangle, the most frequent intermediate type
being that in which the upper angle is wanting, and the two upper
sides are reduced to a simple curve or arch, so that the eross section
assumes the form of a drawn bow and bowstring, the arch formed by
the two upper sides representing the bow, and the two lower sides,
with the reentrant angle, representing the bowstring. In size the leaf
stalks vary from 15 to 35 mm. in width, measured between the lateral
angles, and from 5 to 20 mm. in height measured between the vertical
angles, or from the lower angle to the summit of the arch formed by
the two upper sides. The line joining the former is not generally
horizontal or at right angles with the axis of the trunk, but one is
usually slightly lower than the other. The line joining the latter
is not generally vertical or parallel to the axis of the trunk, but one is
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usually a little on one side of the other. The only portion of the leaf
bases that is always preserved in the fossil state is the mat of ramen-
taceous hairs that surrounds them. In the great majority of cases the
petioles themselves are decayed to a greater or less distance below the
summit of these mats, which thus constitute walls surrounding and
inclosing the portion that remains of the petioles, if any, and in their
absence forming definite eavities having the shape of the cross section
of the leaf stalks, which constitute the leaf secars. These leaf scars,
with or without the lower portion of the leaf bases, penetrate to the
axis of the trunk and form a varying angle with it. Normally this
angle is o right angle over all the central portions of the frunk, while
below the organs are slightly descending and above more and more
ascending to the apex, where they become vertical. Af the summit,
too, they diminish in size and usually in form, and are rednced in and
immediately around the terminal bud to small triangular or polygonal
bracts (perule of Miquel). In some species (€. Uhlert) all the orgaus
of the body of the trunk are deflexed, and in some (C. Goucheriana,
C. minnelahtensis) there is a definite zone near the middle of the
trunk, below which they are descending and above which they are
ascending. The leaf scars are arranged in a more or less exact
quincunx order, and usually in two sets of spiral rows around the
trunk, in one of which they ascend from the base in the direction
from left to right and in the other from right to left, crossing each other
at varying angles and both rows making a certain angle with the axis
of the trunk, which varies with the species and more or less with dif-
ferent specimens of the same species. One of the two sets of rows is
nsaally more distinet than the other, but the more distinet rows some-
times pass upward from left to right and sometimes from right to left.
The bases of the petioles when present and well preserved often show
at the surface presented to view a row of pits all around parallel to the
walls and at different distances from the margin representing the vas-
cular strands.  Other such pits are sometimes present near the center,
The petioles are frequently disarticulated at a natural joint, which may
fall near or at the summit of the sear or it may fall some distance within
the sear. In some species there are twosuch joints separated by a node.
Oceasionally these joints consist of a thin membranouns diaphragm
stretehing across the petiole, of firmer texture than the rest of its sub-
stance. Even where the petioles are wholly absent the position of the
joints or diaphragms can sometimes be determined by a sharp ridge
around the inside of the sear, The walls are made up of’ the ramentum
of two adjacent petioles. In some cases these matted masses are so
dense as to produce a simple homogeneous plate on all four of the sides,
which, where the petioles are wanting, forms a deep, angled cavity of
exactly the shape of a cross section of the petiole. Usually the portion of
the wall furnished by each of the adjacent petioles can be distinguished
by ajunetion line or commissure, visible along the outer edge of the wall,
This commissure sometimes takes the form of an intermediate plate of
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a less dense consistency than the two outer plates. In other cases this
central plate is much thicker than the two outer ones, which latter may
be reduced to the appearance of thin linings of the scars. In still other
cases the central portion is more or less open and cavitous. The walls
vary from 1 mm,, or even less, to 5 mm., or, in rare cases, 8 mm, in
thickness.

The other class of organs that help to make up the armor are the
reproductive organs, These are borne on all parts of the surface of
the trunks, except, perhaps, in immediate econnection with the terminal
bud, which is execlusively an organ of growth. They are scattered
about with very little order over the surface among the leaf scars.
They are usually of a harder substance than that of the foliar organs, and
better adapted to resist the erosive influences to which the fossil tranks
are exposed. Where the trunks are worn, therefore, the reproductive
axes are liable to protrude somewhat. Viewed from without, they
usually present an organ with an elliptical eross section, the longer
diameter being nearly lhorizontal, variable in size, but always larger
than the leat scars. The central portion is often wantin g, and a funnel-
shaped cavity less deep than the leaf scars takes its place. When the
central portions are present they show markings having the form which
the outer ends of the essential organs present, which is very variable
and usually obscure. Surrounding the central portions are several
rows of open sears arranged concentrically. These sears are sometimes
triangular, quadrangular, polygonal, or nearly ecircular; but the most
of them, especially the onter ones, are somewhat crescent-shaped, hav-
ing the concave side toward the center. The inflorescence is a spadix
surrounded by an involuere, consisting of the concentrically arranged
bracts or scales whose scars were last deseribed. The spadix has a
receptacle at base, located near the inner surface of the armor and sup-
plied with fibers from the axis. From the receptacle there rise two
kinds of organs: first, peduncles or filaments, known iu a few specimens
to bear seeds, and conjectured in one specimen to bear anthers at their
summits; and, second, elongated chaff-like scales more numerous than
the latter and rising above them, the upper portions expanding and
forming a dense mat or covering over the essential parts. In most
cases all these organs are wholly included in the armor, the only seeds
that have thus far been found being deeply embedded in the tissues.
The orgaus of inflorescence are probably axillary, but owing to the
proximity of the leaf scars this is not generally apparent. In regions
of the surface where they occur they usually crowd the leaf scars and
cause variations in their shape. This effect is most marked on the
upper sides of the scars, often quite obscuring or obliterating their nor-
mal features.

The axis of the trunk inclosed in the armor when complete consists
of four parts, which, enumerated from without inward, may be denomi-
nated respectively as (1) the libro-cambinm, (2) the parenchymatous
wood, sometimes called the cortical parenchyma, (3) the wood proper
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or fibrovaseular zone, and (4) the medulla or pith. In many cases the
libro-cambinm zone can not be definitely distinguished from the cortical
parenchyma, and nothing is visible but the large and numerous vaseu-
lar bundles passing out from the interior into the leaves: but some-
times there oceurs a definite line or thin zone of loose tissue immedi-
ately below the bases of the leaf stalks. There is usually a zone of
apparently homogeneous cellular tissue, often of considerable thickness,
filling the interval between the armor and the woody axis. The woody
zone consists of one or more rings of exogenous tissue traversed by
medullary rays. Where more than one, they are separated by thin
interstices of parenchymatous tissue. The medulla is usually large
and composed of coarse parenchyma,

The genus Cycadeoidea is illustrated by five plates devoted to char-
acteristic trunks from BEurope and America. Pl LVII represents the
two original species of Buckland, C. megalophylla and C. mierophylla,
from the Purbeck of the Isle of Portland, and also a third speecies, C.
portlandica, from the same beds, deseribed by Carruthers in 1870, All
of the specimens here figured were found by Dr. Alfred Russel Wallace
and myself on the occasion of our visit to Portland on August 17,
1894, and the specimen represented by fig. 3 is the one collected by us
in one of the quarries.’!

On P1. LVIII ig reproduced the figure of Cycadeoidea Masseiana Cap.
& Solms., which appeared in the Sixteenth Annnal Report of the Sur-
vey with a full history of its discovery and significance (ef. Part 1, pp.
502-510, pl. eiii). It is a fair representative of the genus from the
Ttalian beds.

On Pl, L.IX is given a, reproduction from a photograph sent me by
Prof. TI. B. Geinitz of the great (. Reichenbachiona (Gipp.) Cap. &
Solms., now in the Dresden Musenm. It was found at Lednice, near
Wieliczka, in Galicia, a century and a half ago, and treated by Knorr
and Walel in their great work of 1755. 1t was long regarded as the
largest fossil eyead in the world (see infra, pp. 604, 605).*

P1. LX represents a group of eycads from the iron ore beds of Mary-
land, all belonging to the genus Cycadeocidea. Several of these are
embraced in the group represented on pl. ¢ of Part I of the Sixteenth
Annual Report of the Survey, but at that date they had not been
named or described.

This was done in 1897,* but no references were then given to pub-
lished figures. This may therefore be regarded as the first illnstration
of these species, and the group constitutes an excellent representation
of the genus Uyeadeoidea. The specimens represented in this group
were all collected or obtained by Mr. Arvthur Bibbins and belong to
the Woman's College of Baltimore.

! See Sixteenth Annual Report U. 8, Geological Survey, Part 1, pp. 454486,
2For synonymy see Proceedings of the Biological Society of Washington, Vol. IX, 1804, p. B3.
& Proceedings of the Biolegical Society, Vol. XI, 1807, pp, 9-17.
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Finally, on PL. LXT is given a group of the leading types of the species
from the Black Hills, embracing the six original trunks obtained from
Mr, Cole and the large branching trunk, . minnekaltensis, colleeted
in 1893.

CYCADEOIDEA DACOTENSLS (MeBride) Ward emend.
Pls. LXTI-LXVL.

1893, Bennettites dacoiensis MeBride, in part: Ameriean Geologist, Vol. XI1, p. 249,
pl. xi, fig. 1 (non fig. 2); Bull. Lab. Nat. Hist. State Univ. of Towa, Vol. II,
No.4, Towa City. 1893, p. 391, pl. xii, fig. 1 (non fig. 2),

1894, Cyeadeviden dacotensis (MeBride) Ward, in part: Proe. Biol. Soe. Washington,
Val. IX, pi 86.

Trunks large (30 to 50 em, high, 30 to 50 em. in diameter, 100 to 150
cm, in girth), short-cylindrical, contracted below, dome-shaped above,
symmetrical, sometimes laterally compressed and elliptical in cross
section, probably subseguent to entombment, bearing a number of
short secondary axes or undeveloped branches in the form of rounded
protuberances, or, in case of decay, of corresponding saucer shaped
depressions; apex presenting a flattened surface with a central eleva-
tion, studded with polygonal bract scars and bages arranged in rows
which sometimes proceed in helicoid form from the center outward;
rock substance of a dark brown or reddish ecolor, firmly silicified, hard
and bheavy, sometimes weighing over 100 kilograms, fine-grained;
organs of the armor slightly ascending exeept near the base, the
angle in¢reasing toward the summit, where they become vertical; leaf
sears, where not interrupted, forming two series of spiral rows which
proceed in different directions and interseet one another, those from
right to left nearly horizontal below and eurving upward until they
form an angle of 45° with the vertical axis, fhe opposite series less
distinet, forming a small angle (52 to 109) with the axis; scars sub-
rhombic and nearly aniform in shape, larger below, diminishing npward,
the distance between the lateral angles varying from 16 to 26 mm.,
and that between the vertical angles from 10 to 16 mm., empty from
decay of the petioles, at least to econsiderable depth, sometimes to a
depth of more than 5 em.; interspaces between the sears very thick
though wvariable, sometimes 16 mm., presenting an nndolate or
wrinkled surface with indieations of deeper lines of separation of the
walls; spadices large and somewhat elliptical in outline, the longer
axis nearly horizontal, 8 to 10 em. long, the shorter nearly vertical and
5 to 7 em.; involueral bract sears numerous, arranged in concentrie
ellipses around the ecentral organs in many somewhat distinet rows,
increasing in size from the center outward, subrhombic, triangular, or
polygonal in shape, 2 to 20 mm. in diameter, apparently passing insen-
gibly into the normal leaf scars, empty like them, forming deep cavities
or punctations; essential organs of the buds, tlowers, or fruits zome-
times wanting, their place occupied by a deep circular cavity, more
frequently represented by a dark and firm substanece, which in some
of the smaller ones projects beyond the general surface; armor 5 to
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7 em. thick, separated from the ligneous axis by a definite line; corti-
eal parenchyma 5 em, thick; fibrous zone 4 em. thick with three or
more rings of wood, or sometimes presenting a number of thin concen-
tric laminge of alternating black and brown substance, apparently
representing as many rings of wood, and inelosing the homogeneous
medulla 5 to 15 em. in diameter, conforming in eross section to the trunk.

Only one of the specimens belonging to the U, 8. National Museum
is referable with certainty to this speecies. This is the fine trunk,
No. 1, of the collection of six purchased of Mr. Cole. That this is '
specifically identieal with Professor MeBride's specimen represented
by fig. 1 of his plate there is no room to doubt. It is, however, difli-
cult to reconcile it with his deseription in view of the faet that in that
description he has included two specimens belonging to entirely differ-
ent species, his fig. 2 showing none of the external characters of fig. 1,
or of the specimen in hand, but elearly belonging to the same specific
group as several of the fragments collected by Professor Jenney and
myself from the Minnekahta locality in 1893, as will be shown below
(pp. 613-614). As Professor MeBride in his description ineludes charac-
ters that conld searcely have been exposed in flhie perfect trunk repre-
sented by his fig. 1, it seems clear that he derives sueh from the specimen
fig. 2, which was probably a fragment showing these characters in the
fractures. 1t was therefore a question whether to retain the name or
not. 1 conelude to do so for o much of Professor MeBride's deseription
as applies to his fig. 1.

The Museum specimen is somewhat larger than the one at the Uni-
versity of lowa, standing over 44 em. high, having a girth of 122 em.,
and weighing 90.27 kilograms. 1t is one of the most perfect and beau-
titnl cycadean trunks that have thus far been brought to light.

Thirteen of the specimens in the Yale collection are referred to this
species. These are Nos. 1, 3, 5, 6, 13, 30, 39, 43, 54, 62, 63, 95, and 106.
Of these Nos, 3, 5, and 54 are nearly perfect trunks, and one of these,
No. 54, is larger than the one at the U. 8. National Museum.

Tn Pls, LXII and LXIIT ave given side, top, and base views of the
original type specimen, No. 1, of the U. 8. National Museum: in Pls.
LXIV and LXYV, side and top views of the equally fine and somewhat
larger trunk, No. b4, of the Yale collection, and PL. LXVI affords a
view of the inner parts from one side of the Yale specimen No, 13.

MThis is the most common species in the Black Hills, and has been found
in the Minnekahta and Blackhawk regions, and 2 miles west of Sturgis.

CYUADEOIDEA COLOSSALIS n. sp.'
Pls. LXVII-LXXIL

Trunks colossal, subconieal, more or less laterally compressed, sub-
cylindrical, dark colored, hard and heavy, weighing from 100 to over

Tt was nob thouglt necessary to alter the proofs of this memoir by quoting the Proc. U.S.
Mus., Vol. X X1, pp. 107-229, as the original plags of publication of the new gpecies of fossil cye:
trunks, becanse the manuseript was prepared in duplicate and simultaneonsly submitted for publica-
tion in bath pluces. As, however, the paper in the Proc. Nat. Mus, appeared in October, 1883, these
gpecies, with the exception of €. Wielandi, p. 821, are not now here in the strict seuse of carliest
publication.
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300 kilograms, 33 to 79 em. high, 40 to 66 ¢m. in major, 26 to 46 em. in
minor diameter, 100 to 180 ¢m. in girth, bearing numerous relatively
small branches not projecting far beyond the general surface; terminal
bud low, set in a circular platform of small polygonal scars filled by
the bases of the leaves or braets; organs of the armor and secondary
axes horizontal at the middle portion of the trunk, somewhat deseend-
ing at the lower portion and ascending at the upper portion; phyllotaxy
much obscured by the intrusion of other organs, but spiral rows ascend-
ing from left to right at an angle rarying from 75° below to 452 above
plainly traceable; leaf sears subrhombie to nearly rhombie, very small
relatively to size of trunk, 13 to 16 mm. between lateral, and 8 to 12
mm, between vertical angles, empty to a depth of 13 to 50 mm., the
bottoms of the ecavities apparently oceupied by portions of the leaf
bases; interstices between the scars very variable, but, except at the
summit, generally large, sometimes 25 min., nearly even on the surface
but finally marked with mostly horizontal but variously curved or
crooked ridges or wrinkles, with occasional indications of planes of
Separation into two, three, or even five plates; walls muech thinner
in the upper portion, often broken down in the specimens, display-
ing the striate inner surface of the scars diminishing in size below;
reproductive organs abundant at all parts of the trunk, large, well
developed, and conspicnouns, after rising somewhat above the surface,
forming gentle swellings or more abrupt protuberances, elliptical in
shape, the major axis nearly horizontal, 5 to 10 em. long, the minor axis
3 to b em., usually with a solid center, sometimes with a small central
cavity surrounded by firm substance, the whole inclosed within con-
centric elliptical rings or rows of involueral bract sears which inerease
in size from the center outward, are empty and have the form of the
leaf sears, into which they occasionally seem to graduate; armor 5 to
10 ¢m, thick, attached to the woody axis by a uniform layer of bark
6 mm. thick; cortical parenchyma 4 to 6 em. thick; fibrovasecular zoue
also 4 to 6 em., separated into two distinet rings of wood, each consist-
ing of a loose, spongy substance inclosed in a firm plate or thin hard
layer, the outer ring 35 mm. and theinner 25 mm. in thickness, through
all of which the medullary rays pass, forming a sort of columnar strue-
ture; medulla more or less elliptical in cross section, 11 to 13 em, by
15 to 20 em. in diameter, decayed, leaving a cavity at the base in one
specimen, and in another having a concentrie structure consisting of
four zomes or rings of soft porous material, searcely differing exeept in
coloration.

The large perfect specimen, No. 6 of the Cole collection, is the
largest eyeadean trunk known in the world. Prior to its discovery the
great O. Reichenbachiana (Gopp.) Cap. & Solms. (see supra, p. 601
and PL LIX) from Galicia, which is at the Mineralog.-Geolog. Museum
at Dresden, and which I have not seen, had taken the lead. Pro-
fessor II. B. Geinitz was so kind as to send me an excellent photo-
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graph of that specimen and on this I find the dimensions marked. It
is 50 em, high, 54 em. in major and 44 cm. in minor diameter, and 157
em. in girth. Tt is therefore not so tall as the American specimen by
29 e¢m., has a major diameter 25 cm. less, and a minor diameter 2 em.
less, showing that it is less flattened, but the circumference is 23 cm.
less.!

Hight of the specimens in the Yale collection belong to this species,
viz, Nos. 2, 7,9, 10, 17, 37, 40, and 55, of which Nos, 2 and 10 are perfect
trunks, but are both much shorter in proportion to their size than the
great National Museum type. They are also less laterally compressed.
They may have been somewhat vertically compressed. No. 37, though
meomplete, is a fine specimen weighing nearly 150 kilograms, and has
a height of 71 em. No. 55, though it has lost considerable at the
summit, still weighs 110.68 kilograms. No. 40, which represents less
than half of the original trunk, is also a fine fragment, The rest are
smaller and more imperfect.

In Pls. LXVIL and LXVIII are shown side and base views of the
great type trunk No. 6 of the U. 8. National Museum. Pls. LXIX-
LXXII illustrate the species as represented in the Yale collection by
Nos. 2, 10, 17, and 55. They show considerable variation in the form
and size of the trunks.

All the specimens of this species are from the Minnekahta region.

(YCADEOIDEA WELLSII n. sp.
Pls. LXXII-LXXY,

Trunks large, ellipsoidal, snbeylindrieal, or somewhat barrel-shaped,
more or less laterally compressed, rounded at the summit, bearing numer-
ous small secondary axes in the form of protuberances, light reddish-
brown or drab colored, fine-grained, hard and rather heavy, sometimes
weighing nearly 100 kilograms, 40 to 55 ¢m. high, 30 to 45 em. in
diameter and more than 1 meter in girth; terminal bud not prominent;
organs of the armor about horizontal except near the summit; phyllo-
taxy much disturbed and not traceable; leaf sears rather small, subrhom-
bie or nearly rhombie, often trapeziform or very irregular in shape,
average distance between the lateral angles 20 mm. and between the
vertical ones 12 mm., none of the angles rounded, all except the small
ones at the apex empty to considerable depth ; ramentaceous interspaces
exceptionally thick, sometimes 2 cm., presenting a smooth but gently

1The photograph sent we by Professor Geinitz was taken from the specimen in position as mounted
on a support in the Dresden Museum. Judging from it alone I should say that the trunk is here
inverted, but to be eertain it wonld be necessary to examine it. 1t is clear that in the preseut position
the leaf scars have a decided downward dirvection, which is rave but not unknown (e. g.. €. Uhleri).
Moreover, the sears, whieh are subtriangular, have now their sharp angle upward, which, if the
specimen is right side up, would indicato that the keel of the petioles was on the upper side, a condi-
tion which 1 have met with in only two other species, €. aspere and 0. fngolita, described below.
Gippert's figure (Tubilinms-Denksehr. d. Schles, Ges. f. vat. Cult,, 1853, pl. viii, g, 4) shows the
specimen in the same position, i. ., probably inverted.
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undulating surface, lowest in the middle part, rising to the sear which
forms a sharp edge, produeing the general effect of being molded in
plastie elay; reproductive organs very large, abundant, and conspicn-
ous, greatly distorting the arrangement of the leaf scars as well as their
form, often nearly eirenlar in cross seetion, 4 to 5 em. in diameter, show-
ing the remains of the central organs surrounded by conecentric circles
of large, empty, and deep involucral bract sears which are semilunar or
somewhat triangular in shape, and may reach 7 mm. in length; armor
about 7 em. thick, cortical parenchyma 4 em., fibrous zone 4 em., showing
two rings, the mner projecting at the base, concen trieally laminated and
inclosing the much decayed medulla about 12 em. in diameter.

There are two specimens of this species in the Yale collection, viz, Nos.
21 and 59, the former of which is a fine, nearly perfect trunk, large and
handsome, weighing 92,76 kilograms, I was at first inclined to regard
them as belonging to 0. minnekahtensis on account of the general resem-
blance of the external surface, but this obviously can not be done,
because these trunks are unbranched and symmetrical in form. In
this respect they approach (. dacotensis and €. eolossalis, but here the
surface differs completely. No forms intermediate in either of these
respects oceur in either collection, and there is no escape from regarding
these two trunks as constituting a new species.

I have uamed the species for Mr. Henry F. Wells, who obtained these
and nearly all the rest of the Yale collection, and from whom Professor
Marsh purchased them. He may therefore be regarded as the collector,
which, under the approved rules for naming Species, requires the use
of the genitive form.

Pls. LXXIII and LXXIV give side and base views of No. 21, and
Pl LXXYV shows the perfect side of No, 39. Both specimens are from
the Minnekahta region,

CYCADEOIDEA MINNEKAHTENSIS 1. Sp.
Pls. LXXVI to LXXIX.

Tranks gigantie, mueh branched and irregular in form, the type and
only perfect specimen known weighing 219.09 kilograms, 74 em. high, 50
cm. in diameter exclusive of branches, 79 ¢m. across at maximum spread
of branches, 150 em. in girth, light brown or chesthut colored, smooth
on the outer surface, presenting the appearance of having been molded
in plastic clay, moderately heavy; branches very large, forming conical
protuberances projecting from the middle portion of the trunk, giving
it a winged appearance, other branches proceeding from other parts,
especially below, ecomposite, i. e., the main branches or primary axes
having lesser or secondary branches, prominent terminal buads, some-
times themselves compound, on all the branches, often very perfeet
with a sort of neck; organs of the armor declined over most of the
surface, phyllotaxy obscure and not traceable; leaf scars subrhombie
to nearly rhombic, averaging 22 mm. wide by 10 mm. high, the unusual
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vertical narrowness perhaps due to compression, very variable, how-
ever, in all respeets, those on the lesser branches smaller, usnally
empty and striate within; ramentaceous interstices usnally thiek, 5 to
15 mm., firm and fine-grained, smooth and polished but somewhat
undulating, the edges of the scars sharp, always without signs of sub-
division ; reproductive organs numerous, simalating the small branches,
the central part preserved but heterogeneous, showing scars and
markings of the essential organs, varying from 12 to 50 mm. in diameter,
surrounded by small involueral bract scars; armor about 6 em. thick,
separated from the underlying tissues by a thin porous layer; cortical
parenchyma about 5 cm. thick, fibro-vascular zone 8 em. thick without
visible subdivision into rings; medulla not clearly shown, and internal
structure generally more or less conjectural.

The remarkably fine but weird and anomalous specimen upon which
the above deseription is almost wholly based was found by our party
lying partly buried in the ground in the same place where the other
trunks had been gathered. It was overgrown with lichens in many
places, and had been regarded so uncouth as not to be worth transport-
ing to Hot Springs. I arranged with Messrs. Payne and Cole to have
it shipped to Washington, and it arrived in due time in safety. 1t holds
the fourth rank as to size and weight, but differs from all others in so
many respects that a comparison with any is diffieult. Specifically it
approaches most closely to €. puleherrima, but lacks all the symmetry
and definiteness of that form. It is only in the fact that both are very
branching, especially around the middle part of the trunk, that they
have an external resemblance.

The specimen shows a fine terminal bud at the apex of the principal
trunk, and several others on the other branches, Except near the sum-
mits of the several branches, the leaf scars and other organs of the
armor are decidedly descending, but ou the main branch or frunk, some
distance above all the lateral branches, there is a sharp line separafing
the deseending from the ascending sears above. This feature I have
seen elsewhere only in €. Goucheriane from Maryland.

The only other specimen in the collection that eould with any pro-
priety be included under this specific head is the small trunk picked up
at the same time and place and numbered 19. This may represent a
very young state of this species with all the characters in miniature and
devoid of reproduetive organs. 1t is branched much in the same way,
longitudinally compressed, lacks a little of the base and part of one side
below, but for purposes of deseription is practically complete, The
entire trunk was only 18 or 20 em. high, 14 or 15 em. in its longer and
7 or $ cm. in its shorter diameter, with a maximum girth of 36 em. Its
present weight is 1.81 kilograms. The dimensions are therefore less
than one-fourth and the weight is less than one-twelfth of the large
trunk. It might even have been wholly subterranean, as in the living
Zamia angustifolia. '
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Among the fragments in the Yale eollection [ found eight that
belong to this species, and, as the National Museumn type is nearly per-
fect, these add somewhat to onr knowledge of the inner parts of the
trunk. These specimens are numbered 14, 22, 24, 32, 41, T1-72, 83, and
86. They consist chiefly of branches torn away from large trunks, and
several of them may have belonged to the same trunk., Some of them
may be found to fit together, but, as they were lying about in different
rooms, and even on different floors. ofthe Peabody Museam, it was impos-
sible for me to correlate them. Certain ones, as No. 14, consist of a
mere gnarl of branches, and most of them are proliferous or composite,
the branehes often having fine, sometimes compound, terminal buds.

Pl. LXXVTI shows the only view that has been taken of the type
specimen, No. 7, of the U. S, National Museum, and Pls. LXXVII to
LXXTX represent Nos, 14, 24, 83, and 86 of the Yale colleetion, all of
which are more or less fragmentary and aberrant.

It ocenrs only in the Minnekahta region.

CYCADEOTDEA PULCHERRIMA 1. 8p.
Pls. LXXX-LXXXII,

Trunks large (38 em. high, 4 em. in diameter, 130 em. in girth in the
ouly complete specimen known), short ellipsoidal -or subsplierical, of a
light ash eolor and moderately heavy, bearing numerous large, short
branches at and below the center all round, forming conical protuber-
ances, some of which are 8 to 10 em. long and 120 18 em. in diameter at
the base, rarely compound, i. e., the branches themselves bearing other
smaller ones, or two or more arising side by side; branches and all other
organs radiate, i, e., proceeding in the direction from the center of the
trunk, those of the equatorial zone horizontal, or making a right angle
with the axis, those below descending, and those above ascending ; leaf
searsarranged in definite rows intersecting one another, somewhLat spiral,
but so placed as to simnlate meridiansand parellelsoflatitude, the former
series, however, rising from left to right and making an angle which
varies with the curvature from 5° to 100 with the vertical axis, the
other series rising from right to left, varying from horizontal to an
angle of 452; sears varying in shape from subrhombie to nearly true
rhombs and in size from 10 by 19 em. or smaller near the summit to
16 by 22 em. measured between vertical and lateral angles, which are
usnally quite sharp, the sides straight and the whole very delfinite and
symmetrical, usually empty to considerable depth, but partially filled
by the remains of the leat bases, which occasionally show punetations
representing the vascular bundles; ramentum walls 2 to 5 mm. thick,
wrinkled on their outer edges, often with a distinct median groove,
sometimes reduced to thin lamallie with sharp edges, striate within the
scars in the direction of the petioles ; reproductive organs nof abun-
dant, the more typical ones mostly in the equatorial zone among the
branches, which they sometimes resemble, being large with a solid cen-
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tral axis surrounded by relatively large bract scars, nearly cirenlar,
with a diameter of 5 em., other smaller ones seattered among the leaf
sears, only slightly disturbing their arrangement, often abortive and
reduced to collections of pits in the angles of the walls; armor 6 to 8
em, thick, irregularly attached to the ligneous axis, which consists of a
parenchymatous zone 3 em. thick inclosing a fibrous zone 25 to 35
mim. thick and divided into two to four exogenous rings; medulla 10 ¢m,
in diameter at the base, enlarging upward to more than twice that
size, porous in structure, its outer surface marked with longitudinal
ridges which are interrupted and alternating, forming the bases of the
medullary rays.

The trunk upon which the above deseription is almost exelusively
based is the one which was called No. 3 of the collection obtained from
Mr. Cole, and is certainly, in my judgment, artistically the most heau-
tiful eycadean trunk known. I say this deliberately, after having seen
the greater part of all thus far discovered in all countries, and where
1 have not actually seen the specimens themselves I have in almost all
cases seen artistic models, or at least excellent photographs or draw-
ings. The speeilic name is therefore fully justified.

The characters of the internal strncture and the medulla arve derived
from the large decayed area at the base on one side, which well exposes
them, leaving the other side still perfect. The total weight of this
specimen is 85,73 kilograms.

Only one imperfeet specimen, viz, No. 78, of the Yale collection
could be referred to this species, and this not without some doubt.

Plg. LXXX and LXXXI represent side, top, and interior views of the
type specimen, No. 3, of the U. 8. National Musenm. Tn the last (Pl
LXXXI) the specimen was purposely inverted in order to let the light
penetrate more thoroughly the exposed interior and bring out the
structure. Pl LXXXII is a fair view of No. 78 of the Yale colleetion,
which was doubtfully referred to this speeies on account of the shape
of the leaft sears on certain parts of the trunk, which, however, are not
well brought out in the photograph.

Known only from the Minnekahta region.

CYOADEOIDEA CICATRICULA 1. 8p.
Pls. LXXXIII, LXXXTV.

Trunks small and short, subeonical, more or less laterally com-
pressed, smooth and symmetrical, unbranched, light yellowish-brown on
the weathered surfaces, fine-grained and flinty within, about 20 em.
high, 18 by 22 cm. in diameter, with a girth of about 60 em., and
weighing 15 or 14 kilograms; organs of the armor nearly horizontal; leaf
scars arranged in two definite series of spiral rows, those from left
to right forming an angle near the base of about 702 with the axis
but curving inward in their upward course so that the angle progres-
sively diminishes to about 30° at the summit, those from right to left
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only slightly curving and making an angle of about 45°: scars very
small, almost exactly rhombic, uniform and definite with all the angles
sharp, distance between lateral angles 9 to 12 mm. and between ver.
tical ones 6 to 8 mm.; leaf bases present fillin g the sears to near the
top, presenting a roughened spongy tissue; ramentaceous walls very
thin, varying from the thickness of tin foil to 2 mm,, presenting a beaun-
tiful and regular network of whitened lines over the entire outer surface
of the trunk, with a faint commissure or elongated openings between
the contignous plates of the thicker ones; reproductive organs not
abundant nor well developed, the most typical 3 em. in diameter,
variable in shape and character, consisting of protuberances with a
depression at the top or ridges with bract sears on the sides, others
anothalous, consisting of small projections or elevations, probably
abortive, none of them greatly disturbing the form or arrangement of
the leaf scars; armor 3 em. thick, separvated from the wood by a definite
line or erack; cortical parenchyma 2 ¢m.; secondary wood 3 CIN,, Con-
gisting of an outer ring 2 em. thick and an inner one 1 em., with a
fissure between; medulla elliptical, 5 by 7 em, in diameter, consisting
of a homogeneous substance resembling fine yellow sandstone, clearly
marked off from the inner ring of wood.

This species is one of the best defined of ally notwithstanding that it
is based upon a single specimen, viz, No. 118 of the Yale collection.
This is an almost perfect trunk, and is only obscured by sand and
gravel cemented in the scars, so that very little can be seen of the
summits of fthe leaf bases. It was collected by Mr. IL. I'. Wells three-
fourths of a mile north of Black’s ranch, about 3 miles north of Black-
hawk, South Dakota. Its only affinities are with ¢. puleheryima, with
which it shares the rthombic scars and their definitely arranged rows.

The most perfect side is represented on PI. LXXXIII, showing the
arrangement of the scars. The base is shown on Pl LXXXIV, Fig. 1,
and the summit by Fig. 2 of the same plate,

CYCADEOIDEA TURRITA . sp.
Pls. LXXXV-X(},

Trunks moderate sized, profusely and irregularly branched, the pri-
mary branches often bearing secondary ones, the branches symmet-
rical, abruptly contracted at the base into eylindrical turret-shaped
projections, dome-shaped at the summit, with a terminal bud at the
apex composed of small polygonal organs, usually light reddish, soft,
friable, and of low specific gravity, but sometimes darker, harder, and
heavier, 20 to 40 em. high, 25 to 50 em. in diameter, the branches 10 to
20 em. long, 10 to 30 cm. in diameter, 30 to 90 em. in girth; leaf bases
slightly ascending; leaf scars very irregularly distributed over the
surface except of the branches, here sometimes arranged in two sets of
spiral Tows which intersect each other at about the same angle (60°)
with the axis of the branch, subrhombie, the upper and lower angles
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reduced to mere eurves 23 mm. wide, 12 mm, high; leaf hases almost
always present, usually projecting, porous; vascular bundles often dis-
tinct, set well apart in a row some distance from the margin, with afew
others near the center, appearing either as small pits or black dots;
ramentum walls thin, 1 to 2 mm., nsually with a groove or commissure,
sometimes thickening at the angles And affected with elongated pits
and other openings, some of these latter passing into abortive flower
buds, which constitute all that is known of the reproductive organs of
the species; armor 5 em. thiclk; woody axis only known in certain
branches, thin, 2 to 3 em., and not visibly divided; medulla in oue speci-
men 9 em. in diameter, black and homogeneons.

Twelve of the specimens of the Yale collection have been referred to
this species, viz, Nos. 15, 45, 49, 51, 65, 66, 67, 70, 74, 75, 82, and 55,
and still mueh remains uncertain as to the characters. They nearly
all agree in the most striking feature—the possession of peculiar turret-
like branches—Dbut owing to the fragile nature of the rock and the
sprangling habit of the species all the specimens were badly broken to
pieces and nothing remains but digjecta membra. Some of these plants
evidently consisted entirely of branches and possessed no trunk proper
which could be regarded as bearing these branches, but usually there
was o large shapeless mass at the base from which they proceeded in
all direetions. Such was the case in Nos. 45, 51, 66, and 67, some of
which must be nearly complete. Nos. 45 and 75 belong to the harder
and heavier sort, and possibly may not belong to this species. They
might be referred to O. minnekahtensis or O, Marshiana but for differ-
ences in the leaf scars and petioles, which agree with this species. No.
74 is very avomalous and is ouly placed bere to avoid making new
species out of deficient material. The turret,if such it was, is reduced
by erosion to a pointed cone without character. The specimen is worn
to and into the medulla on one side, but the opposite side is well pre-
served. The leaf scars are typieal, but there is a number of large pro-
jeeting axes looking like horns, and the specimen, laid on the worn
side, has the shape and semblance of a gigantic “horned toad.” All
the other specimens are much alike, and No. 82 is taken as the type for
most of the characters.

Bo far as the rock substance, color, and external organs are concerned
this species is very close to €. MeBridei, but that species is always
simple and consists of one large, short trunk, constituting a broad dis-
tinetion which all the numerous gpecimens of both species do not tend
in any way to obliterate. In its branching habit it approaches C. min-
nekahtensis and C, Marshiana, but the external characters persistently
keep it separate from either. In color it somewhat resembles the
former, but this is all that ean be said.

Pls. LXXXV and LXXXVI show the characteristic turret-shaped
branches as typified in Nog. 82 and 67. Pls. LXXXVII and LXXXVIII
give side and base views of the fine specimen No. 49, PL LXXXIX
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represents the anomalons trunk No. 74, and P1. X O reveals a little of the
medulla and axis of No, 15.
All the specimens are from the Minunekalita region.

JYOADEOIDEA MaBRIDET n. sp.
Pls. XCT-C.

1893, Bennettites dacorensis MeBride, in part: American Geologist, Vol. XIL, p. 244,
pl. xi, fig. 2; Bull. Lab. Nat. Hist. State Univ. of Iowa, Vol. I, No. 4, pp.
89H-392, pl. xii, fig. 2.

1894, Cyecadeoidea dacotensis (MeBride) Ward, in part: Proe. Biol. Sue. Washington,
Vol. IX, p. 86.

=,

Trunks large and very short (25 to 40 em. high, 25 to 75 em. in diame-
ter, with a girth of 80 to 250 em.), more or less laterally or longitudi-
nally compressed, well silicified but somewhat porous or spongy and
therefore only moderately heavy, reddish brown in color, oceasionally
bearing small secondary axes which only slightly project ; organs of
the armor variable but usually radial in divection; leaf scars arranged
in spiral rows intersecting each other at various angles, usually form-
ing an angle with the axis in either direction of from 400 to 55°; scars
subrhombic or lozenge-shaped, the distance between the lateral angles
varying from 22 to 35 mm., that between the vertical angles varying
from 13 to 16 mm., nearly always filled with the well preserved bases
of the leaves which have disarticulated at natural joints leaving a
smooth surface, either convex or concave, or occasionally nearly flat,
presenting a spongy appearance; vascular bundles of the leaves usually
distinet in the form of pits or of dots of darker color arranged in one
row all round the margin a short distance from it and with a few addi-
tional ones near the center; ramentaceous interspaces thin for the size
of the trunks (1 to 4 mm.), compound, i, e., consisting of two or more
plates of firmer material separated by intervals of loose porous tissne,
very uniform in character and little distorted, the porous tissue often
worn to some distance, leaving fissures divided by thin projecting walls;
reproductive organs sometimes abundant and conspicuous, but usually
rather scarce and poorly defined, some quite large with a eavitous
funnel-shaped or erater-shaped center, others simulating leaf scars
except that they are surrounded by a loose porous tissue in which
angular pits oceasionally oceur, still others resembling small branches,
making it diffienlt in some cases to decide to which class to refer them,
one which has been cut through the center longitudinally showing a
Leterogencous mass of internal organs resting on a conical receptacle
25 mm. below its somewhat projecting summit; armor 4 to 8 em. thick,
separated from the cortical parenchyma by u layer of true bark 6 mm.
in thickness, of soft texture, its inner surface (exposed in one specimen)
covered with small pits or punetations and definitely marked by ellipti-
cal sears about & mm. long and 5 mm. wide, which are aligned horizon-
tally around the trunk, the longer axis being in this direction, the
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upper side of (he scars usually so indistinet as to make them appear
kidney-shaped, the lower side and ends consisting of a dark raised
ring or welt with a groove all round it and exterior to it, the central
portion occupied by a number of punctations more or less concen-
trically arranged; woody axis 9 to 12 em. thick, of which the paren-
chyma oceupies somewhat more than half and is very porous except
where traversed by the medullary rays of firmer consistency; fibrous
zome divided into an outer soft and an inner harder ring, the inner wall
of the latter conspicuously marked by the scars of the medullary rays;
medulla in the larger specimens 15 em. in diameter, but usually ellipti-
¢al and about 8 by 11 em., of a uniform porous consistency.

I name this species for Professor MeDBride because he was the first to
deal with it, although he confounded it with (. dacotensis, and parts of
his deseription apply to the one and parts to the other species. Still
his figures are clear and leave no doubt that his fig. 2 belongs here. In
his deseription of that figure he says that it belongs to “another indi-
vidual,” whiel, of course, would have been otherwise evident, and parts
of his description show that either this or other material in his hands
consisted of fragments showing the interior of the trunks, which could
not have been exposed in the “large, perfect individnal”  Most of his
deseription of the internal parts must have been Dbased on such frag-
ments, and the following words appear to apply enfirely to the present
species: ¢ Leaves not known; their hases as perceived are fusiform or
lozenge-shape in eross section, one-half inch by one ineh in dimensions,
and show the remains of numerous equally developed fibrovascular
bundles.”

His specimens seem to have come from exactly the same locality
as those purchased from Mr. Cole, which [ subseguently visited in com-
pany with Professor and Mrs. Jenney, with Messrs., Cole and Payne as
our guides. There was found the large branehing specimen, . minne-
kahtensis, and there, too, I picked up 12 fragments of different sizes
and shapes. These were numbered in continuation of the Black Hills
collection, of which there ave 7 nearly perfect trunks, and therefore
included Nos. 8 to 19,  Of these, 6 certainly belong to the present spe-
cies, viz, Nos. 8, 9,10, 13, 14, and 16. Two of these (ragments, Nos. 10
and 14, are found on comparison to fit together, and therefore, of course,
to belong to the same trank. When placed in their proper position
they constitute the greater part of it, but a large segment is missing
from one side, Among these specimens, all differently broken, a much
larger number of characters are exposed than could be seen in any
number of perfect trunks. Wherever two or more display the same parts
they are in substantial agreement, and it is therefore assumed that
such features as are only visible in some one specimen would be found
in the rest if the proper parts counld be exposed. The beauntiful mark-
ings on the inner surface ol the liber zone, as above deseribed, are to
be seen only in specimen No. 16 (see L. XCILI). That all trunks of the
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species were of the short, conical shape indicated by Nos. 10 and 14
when placed in their natural position can not, of course, be demon-
strated, but the other specimens do not negative this view.

Professor McBride remarks that *“the present species is near Ben-
nettites Gibsonianus Carr., from whiel it may be distin guished by greater
size and by the fact that in our species the fibrovaseular bundles of the
leaf stems are of uniform size and distribution, and do not form a Liorse-
shoe shape in eross seetion, as is said to be the ease in the English
species” In this last one would suppose he was confoundin g the undi-
vided vascular bundle as it appears in the axis, and especially in ifs
passage through the cortical layer (ef. Carruthers’s pl. Ivii, fig. 3, in
Trans. Linn. Soe., Vol. XXVI) before it divides, with the form assumed
by the nnmerous strands that enter the petiole and appear as small
dots on a cross section of the latter (ef. loe, cit., pl. 1viii, fig. 2). Neither
in the American Geologist nor in the Bulletin of the Laboratory of the
State University of Towa do these strands show clearly in fig. 2, still I
think I can detect them; but in nearly all our specimens these bundles
are very clearly shown, and they do agree remarkably well with those
of Carruthers’s figure (loe. eit., pl. lviii, fig. 2). Btill I should hesitate
to refer the American forms to €. Gébsoni on this character alone, and
having mysell examined the British specimen 1 do not think it is very
close in other respects (cf, Sixteenth Ann, Rept. U. 8. Geol. Surv., Pt.
I, p. 487).

The absence of perfect trunks of this species in the National Museum
collection is not due to its rarity in the Black Hills, as T was satisfied
after examining the large number of fragments picked up by myself,
but to the frailty of the species. There is in fossil cycads certainly a
close connection between the mineral constitution and the original
nature of the tissues, and both vary with the species much as different
kinds of wood differ in their qualities of hardness, durability, tenacity,
ete,, in our living forests, Accordingly the substance of the rock in
this species is always soft, porous, and light, easily worn by attrition,
and therefore frail. Moreover, thiere isa tendency to early decay of the
medulla and woody axis, which caused many of the trunks to become
hollow before they were entombed. This made compression and gen-
eral destruction easy and accounts for the difficulty in seeuring good
gpecimens.

In view of these facts, T was not surprised to find a large number of
specimens of this species in the Yale collection. There are no less than
thirteen which I have so referred, although several of these are very
abnormal and doubtful. The ones 80 classed are Nos. 8, 19, 23, 26, 217,
29, 38, 42, 46, 53, 73, 76, and 110. No one of these is absolutely com-
plete, and the greater part of them are mere fragments. In the major-
ity of cases fhe specific determination is clear at a glance, and this is
true even of the smaller fragments. No. 19 is a typical and nearly
complete trunk, weighing 51.46 kilograms, and No. 23 is by far the
most perfect specimen of the species known to me, It weighs nearly
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59 kilograms, but there is a vast cavity at the summit. No. 76 is also
nearly complete and a fine example, weighing 25.59 kilogramns. There
are four dwarf specimens, Nos. 26, 29,42, and 53, whieh, though nearly
perfect, must be immature tranks it' they belong here. They differ too
much from each other to constitute a specific group, and I have been
obliged to treat them as young, dwarf, or aberrant forms of this species.
Nos. 26, 29, and 42 have each a good terminal bud, the only such seen
in the species. No. 53 is very small, only 11 ¢m. high, weighing only
L.57 kilograms, short-conical, and very symmetrical. It represents the
species in miniature, and is donbtless undeveloped.

Only one of the specimens of the Yale eollection from the Blackhawk
region belongs to this speeies, viz, No. 110, which consists of nearly
half of a large trunk showing the much worn outer surface with deep
holes, which are often united a short distance within by the decay of
the walls so as to produce communicating chambers. The opposite side
exposes a large hollow, or trough, econsisting of the inner wall of the
woody zone, 1t also shows the attachment of the armor and the under-
lying axis in an exceptional manner.

Pl. XCI shows the broad side of the trunk resulting from joining
Nos. 10 and 14 of the U. 8, National Museum collection, which were
found to fit together and make considerably more than half of the trunl,
This also shows the full height, as we have the true base and all that
was left of the summit after the decay of the terminal bud. The scars
are clearly shown on the surface, but less so than in fragment No. 9, a
portion of the surface of which, enlarged, is shown on PL XCIL. In
PL XOIII we have a clear view of the inner wall of the liber zone or
true bark, which is marked by sears of a different pattern from any
clsewhere observed.

No. 23 of the Yale collection is perhaps the most complete trunk of
this speeies known, and has been illustrated from the broad side, the
hollow summit, and the base on Pls. XCIV-XCVI. The inner wall
of the armor is exposed in No. 27, and this is shown on Pl XCVII,
Pl XCOVII1, Fig, 1, represents the small trunk, No. 29, of the Yale col-
lection, which may be a dwarf form of this species. It will be noticed
that dwarf forms are the only specimens known in which the terminal
bud is preserved. This might happen in immature specimens, when in
all old trunks this organ would decay too rapidly to become silicified.
Fig.2 shows the smallest specimen of the species, and, indeed, there is
much doubt as to whether it belongs here, but it bears too many evi-
dences of being a very young trank to make it safe to call it a new
species, and the characters, so far as they go, point to C. HeBridei.

Pls. XCIX and O represent the outer (Fig. 1) and inner (Fig. 2)
surfaces of the specimen No. 110 {rom the Blackhawk region, above
deseribed.

All the specimens except the one above mentioned have been found
in the Minnekahta region.



616 CRETACEOUS FORMATION OF THE BLACK HILLS.

CYCADEOTDEA MARSHIANA 1. Sp.
Pls. GI-CY.

Trunks very large, profusely branched, the primary branches often
bearing secondary ones, the whole individual frequently cousisting of
branches, sometimes with a sort of common base, the branches irregular
in size, form, and direction, making shapeless or grotesque objects;
summits of the branches rounded, bearing small polygonal scars with
depressed or cavitous centers separated by deep channels as if from
the disappearance of the walls, or filled with the bases of the apical
leaves often set in a circular, smooth, flattened area, and having a
small conical protuberance or terminal bud at the center; rock sub-
stance hard, heavy, and dark colored; general external appearance
rough and massive; forms very variable in size and difficult to meas-
ure, the largest attaining 91 em. in its greatest dimension, the lateral
generally greater than the vertical dimensions when standing on the
base, the former often 50 to 60 em., the latter 30 to 40 em.; branches
15 to 30 em. long, 10 to 40 cm. in diameter, and often over a meter in
girth; organs of the armor ascending on all the branches; phyllotaxy
usually so disturbed as not to be traceable, but consisting of at least
one series of spiral rows of scars passing from right to left at an angle
of about 75° with the axis of the branch; leal scars of medium size or
small for the size of the trunks, normally subrhombie, but varying
from triangular, or with a mere groove to represent the upper angle, to
nearly rhombie, 15 to 30 mm. wide, 7 to 15 mm. high, averaging 12 hy
25 mm. for the body of the trunk and 10 by 18 mm. for the braneches,
usually empty to considerable depth, sometimes filled with the leaf
bases, which either present a smooth concave surface or a rongh pro-
Jecting surface formed in part by rows of pointed elevations consistin g
of the exposed extremities of the vascular bundles Iying on the sides
of a central conical protuberance the apex of which is formed in part of
the more interior strands; ramentaceous interstices usually thick, 5 to
15 mm., hard, roughened, wrinkled, or grooved, often highest next
80 the scars, sometimes thinner with only a median line; reproductive
organs generally abundant on the body of the trunk and larger
branches, large, 7 em. long in a eircumferential direction, 5 em. high,
conspicuous, either projecting or cavitous and crater-shaped from the
decay of the essential organs, surrounded by concentric rows of large
bract sears, sometimes more rare and smaller ; armor 4 to 7 em. thicl,
but difficult to observe exeept on the branches where it has little
significance; cortical parenchyma 3 to 4 em.; fibrous zone 2 to 4 e,
with two rings; medulla sometimes seen at the compounnd base, 12 em,
in diameter, often decayed so as to leave a large cavity, its surface
exposed in one specimen showing the scars of the meduallary rays in
the form of elongated ridges inereasing in thickness upward and termi-
nating in a sharp point.
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This magnificent speeies was first clearly made known to me in the
Yale collection, where it is represented by five, and probably six, speci-
mens. These are Nos, 4, 11, 33, 44, 47, and 79. The doubtful ones are
Nos. 33 and 79. These are single branches of much larger trunks, and
their eharacters are somewhat aberrant. Of the other five there is no
doubt, as they agree in all their eharacters. No. 11 is taken as the type.
It is larger than any of the rest, and the next largest specimen in the
Yale collection, weighing 221.35 kilograms, and therefore holding the
third rank in this respeet among the cycads of the world. It has
the form of a huge animal, has five primary branches, and when placed
in the position in which it probably grew four of these, with the mass
to which they are attached, constitute a sort of forepart, with head,
thorax, and fore limbs, while the other represents the hinder part and
is aligned in the opposite direction. Detween these parts is a constrie-
tion dividing the two systems. It is very complete, so much so that it
has furnighed few of the internal characters.

Nos. 4 and 47 are also large trunks, weighing, respectively, 52.62 and
34,93 kilograms, and the other fragments supplement the more perfeet
specimens so as to malke a pretty full deseription of the species possible.

I have named the species in honor of Professor Marsh, to whose
energy and munificence this great collection is wholly due.

When engaged in examining and deseribing these specimens in the
Yale collection T supposed that none existed in the U. 8. National
Museum, but on reviging all my previous descriptions in the light of
the new material I discovered that I was mistaken, and that speei-
men No. 15 belongs to this species. 1 had referred it with doubt to
(. eolossalis, and under that head had made the following remark : “The
only other specimen in the collection of the U. S. National Musenm
that I can refer to this species is the fragment No. 15, colleeted by
myself in 1893 on the same spot where the others were found., This
is a very irregular block or segment broken from near the top of a
great trunk. It is similar in mineral character to No. 6, and the leaf
scars and other organs agree well with the upper parts of that speei-
men. The fractures are downward, but follow the plane of the petioles,
which are here erect. In No. 15, however, two large and nearly equal
branches, whose axes were nearly at right angles to each other, are
represented. Viewed from the broken sides, the two axes are clearly
seen in contact, having a gnarly appearance, such as is normally pro-
duced at the junetion or croteh between two branches.”

This branching c¢haraeter, as I was well aware, does not beleng to the
large, perfect specimen, but, having no others, I thought it possible that
some of the small secondary axes might in other cases hecome primary
branches; but after seeing so many other specimens of €. colossalis all
agreeing in this respect, and also a large number of the present species
also all agreeing and exhibiting no tendency to vary in the direction
of the other species, it became obvious that the branching forms all.
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belonged to one species and the simple ones to another. The specimen
No. 15 clearly belongs to the branching species, and now it is easy to
see other specifie differences.

Pls. OI-CIII furnish a fairly good idea of the great type specimen,
No.11. PL OIV represents one of the large limbs torn from a specimen
of unknown size, No, 47, Finally, P1. CV gives us a side view of No. 33,
the anomalous character of whose sears has been described. Of
course, the peculiarity in the vaseular bundles could not be expected to
appear in a photograph.

All the specimens are from the Minnekahta region,

CYCADEOIDEA FURCATA n, sp.
Pls, CVI-CIX.

Tranks larg., forking above, or sometimes with a third branch, sim-
ple below, laterally compressed, eccentrie, light colored, soft and of low
specific gravity, 35 to 45 cm, high, 25 to 30 by 35 to 40 cm, in diameter,
90 to 110 em. in girth; organs of the armor mainly horizontal; leaf
sears subrhombie, or somewhat triangular, the vertical an gles generally
rounded, the lateral acute, variable in size, averaging 15 by 25 mm., those
on the branches smaller, or sometimes nearly as large, empty; ramenta-
ceous walls variable, usually thin, 1 to 5 mm., much thicker in the
angles, firm in texture, grooved or divided into two or three plates; repro-
ductive organs few, large, elliptieal, 4 to 7 by 7 to 10 eni. in diameter,
cither set in depressions or somewhat elevated, surrounded by bract
scars, either cavitous in the center or solid, the larger ones simulatin g
small branches; armor 4 to 7 em. thick; cortical parenchyma 7 CIL.,
clearly distingnishable from the darker zone of wood 6 em. in thick-
ness; medulla elliptical, 9 to 11 em. in diameter.

This species is thus far represented by only two specimens, viz, Nos.
18 and 60, of the Yale collection, the latter of which is in such a coni-
plete state of preservation that little can be known of its internal
structure. It is distinguished from all other trunlks known to me by a
true dichotomy, consisting of a simple trunk with two nearly equal
erect branches and & natural junetion or erotch at their point of sepa-
ration. The axis is far to one side and the trunk is flattened on that
side, the entire true base being lateral and the trunk, standing on a false
base, belonging to the armor, but naturally flattened in transverse
direction. These peculiarities were doubtless the result of the position
in which the trunk originally grew among rocks. DBesides this strik-
ing characteristic, the light color and soft constitution of the rock, as
well as the form hind arrangement of the scars, ramentum walls, repro-
ductive organs, ete., distinguished this from all other cycadean trunks.
It is a fine specimen, and weighs 49,9 kilograms.

No. 18 consists of two nearly equal branches and one somewhat
smaller, arranged in a triangular eluster. Two of them are flat on one



Wanp.] FPOSSIL CYCADEAN TRUNKS. 619

side from growing against rocks. The trunk proper can scarcely be
said to be represented. The two larger branches are each about 30 em,
in diameter and 23 em. long, with rounded summits forming something
analogous to terminal buds. Fractures about the lower portion yield
elements of internal structure, but they relate to the branches only.
The external surface is beautifully preserved. This specimen weighs
606.22 kilograms.

Two views of specimen No. 60 were taken, one of the ronnded outer
surface or back, Pl. CVL, and the other of the opposite flat side, P1. OV1I,
within which the true base, set on one side, wholly falls. The indica-
tions are that the trunk grew with this side against a vertical rock and
was connected with the soil beneath it.

Pl OVIII is a view of the specimen No. 18, seen from above, and
Pl. CIX shows it from the base.

Both specimens are from the Minnekahta region.

CycADEOIDEA COLEL n. sp.
Pl. CX-CXIL.

Tranks rather large, ellipsoidal, 34 to 48 em. high, elliptical or nearly
cirenlar in cross section, 30 to 39 em. in diameter and 90 to 118 em. in
circumference at the thickest part, simple, the apex studded with small
polygonal scars-and presenting a smooth disk with a central elevation;
rock substance dark brown in eolor and moderately heavy; organs of
the armor except the very lowest manifestly ascending: leaf scars
arranged in two series of more or less distinet spiral rows, those pass-
ing from left to right forming an angle of 75¢ and those from right to
left of 45° to the vertical axis; scars subrhombie, varying from almost
rhombic to nearly triangunlar with rounded angles, large, averaging 22
mm. wide and 13 mm, high, but ratio of width to height variable, empty
to a depth of 2 to 5 ¢m.; ramentaceons walls usually thick but very
variable, doubly grooved or wrinkled, eracked or fissured, often pitted
by the scars of small bristles or perul®; fruiting axes numerous, small,
most or sometimes all of their surface occupied by bract scars, central
portion correspondingly small, generally cavitous from the disappear-
ance of the essential organs, which appear to have often been immature
or abortive; armor about 6 to 7 em, thick; cortical parenchyma 3 em.
thiclk; fibrous zone 2 cm., consisting of two rings of wood; medulla
about 9 em. in diameter.

This is a very handsome species of which the type specimen was pur-
chased of Mr. F. I. Cole, for whom the species is named. That speci-
men weighs 63 kilograms.

The Yale collection contains nine speeimens that I was obliged to
refer to this species. These are Nos 12, 20, 25, 28, 48, 52, 57, 68, and 50.
Of these Nos. 25 and 80 are small and either dwarfed or immature, and
Nos. 28 and 52 are small fragments. ‘Ihe rest are fairly typical and
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furnish good characters. No, 48, though small, weighing only 20,49
kilograms, is perhaps the most typical. No. 57, though not complete,
weighs 56.24 kilograms, and was doubtless ori ginally quite the equal of
the National Museam type. No. 12 has an unusual number of fruiting
axes,

PL CX shows a side view of the type specimen, No. 2 of the U, 8,
National Museum. and P1. CXI that of the very similar trunk, No. 48 of
the Yale collection. The fragment No. 12 of the Yale eollection repre-
sented on Pl. CXII is somewhat anomalous if not speeifically doubtful,
but ean not be referred to any other known species,

All the specimens are from the Minnekahta region.

CYCADEOIDEA PAYNEI n. 5P
Pl CXIII-CXV,

Trunks medium sized, laterally compressed, nsually enlarging from
the base upward to neéar the summit but sometimes subeylindrical, 30
to 55 em. high, 65 to 85 cm. in average girth, 20 by 25 em. to 25 by
35 em. in diameter, light or darkish brown in color, not specially firm
or heavy, bearing few or not any secondary axes; organs of the armor
horizon'talg phyllotaxy rather obscure, but sears arranged in imperfect
spiral rows, chiefly subrhombie, but varying to rhombie or triangular,
mueh distorted in the specimens in hand, but where clearly shown 10
to 16 mm. high and 16 to 31 mm, wide, empty to some depth. their
bottoms filled with the partially decayed remains of the petioles;
ramentaceous interstices rather thin but variable, usually with a more
or less distinct commissure; reproductive organs or their remiains
numerous and conspicuous, often projecting considerably beyond the
general surface in the form of protuberances or terete spongy cylinders,
often decayed, leaving large cavities more orless crater-shaped or funnel-
shaped, the interior sometimes definitely grooved or marked, surronnded
by numerous, sometimes large, triangular involucral bract sears; armor
varying in thickness from 2 to 7 cm,, attached by an irregular line
or thin layer of bark to the cortical parenchyma which is 1 to 2 cin.
thick and incloses a fibrous cone of about the same thickness, which
is divided into two or three rings; medulla less compressed than the
outer parts, 6 to 10 e¢m, in diameter.

The only specimens that certainly belong to this species are Nos. 4
and 5 of the collection purchased from Mr. Cole. The description of
the internal parts is chiefly based on No. 5, which is the smallest of
that collection and has been cut longitudinall y through the axis, one of
the halves cut transversely 12 em. above the base and the surfaces
polished.  These sections furnish clear views of the organs of the armor
and of the relations of the armor to the underlying parts. The speeific
identity of the two specimens is based on the external characters,

which substantially agree. No. 4 weighs 33.11 kilograms and No. 5,
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29,29 kilograms. [ name the species for the ranchman, Mr. Payne, who
originally diseovered the cycads of that region and from whom Mr.
Cole obtained them, He it was, moreover, who finally guided ns to
the locality after Mr. Cole had vainly sought to take us to it the pre-
vious day, missing the way notwithstanding that he had been at the
spot.

In the Yale collection there are two specimens, Nos. 53 and 69,
which I have doubtfully referred to this species, although some of the
characters are different {rom those above deseribed. They are vertically
instead of laterally compressed. LI this is due entirely to pressure of
the superincumbent mass after entombment, it has no systematic value
and depends upon the position occupied by the specimen; but eminent
anthorities have insisted that it is a condition of growth. I am inelined
to think that this may be true in some cases, but that the former
explanation is the chief one. )

" The Yale specimens are both smaller than either of the National
Museum types, No. 69 weighing 20.86 kilograms, and No. 58, which is
dwarf, abnormal, and perhaps immature, 5.33 kilograms.

Pls. CXIII and CX1V give side and base views of the type specimens
Nos. 4 and 5 of the U.S. National Museam, and PL CXV represents the
polished surface of the interior of No. 5, bringing out the relations of
the various tissues in 4 very satisfactory manner.

All the specimens are from the Minnekahta region.

CycADEOTDEA WIELANDI 1. 8p.

P LSRNl

1893. Cyeadeoidea Paynei Ward, in part: Proc. U. 5. Nat, Mus,, Vol XXT, pp. 212-
213 (quoad No. 77 of the Yale collection),

Trunks mediaum sized or small, eylindrical-conical, somewhat later-
ally compressed, dark colored, moderately hard with medium specifie
gravity, rough or jagged on the outer surface, unbranched, about 40 cm.
Ligh, 21 by 25 cm. in diameter at the middle portion, 70 to 80 em. in
girth; organs of the armor about horizontal, at least in the middle part;
phyllotaxy not traceable; leaf scars normally subrhembie and narrow
but mueh distorted by the fruits, often triangular, sometimes with the
upper side downwardly curved, 20 to 25 mm. wide, 12 to 20 mm. high;
leaf bases present but not reaching the surface, porous or spongy with-
out visible bundle secars; ramentum walls thin, 1 mm, or less, much
broken down in the specimens, with or without an obscure median
line; reproductive organs abundant over all parts of the trank, cover-
ing half of the surface and distorting all other organs, large and some-
what elliptical but sometimes nearly circular, 25 to 35 mun. in diameter,
often cavitons with a very definite bowl-shaped interior, the bottom
smooth and usually raised like that of a blown bottle, or avith a boss or
button in the center, i.'e., the receptacle of the spadices rising np with
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a depression all round it, sometimes resembling a saucer inside the
larger bowl, the central boss or button sometimes with a large, deep
slit nearly transverse to the axis of the trunk or in line with the major
axis of the cross section, this slit occasionally replaced by a sharp
ridge or by a few pits; fruits often partly or wholly preserved, obovate,
sometimes rising above the general surface and convex at the summit,
either smooth or granular from the exposed extremities of the numer-
ous densely matted seeds; spadices surrounded by involueral bracts,
consisting of the receptacle above described as a central boss or but-
ton from which rise numerous seminal peduaneles of varying lengths,
the central ones longest and ascending to the summit, the more lateral
ones proceeding outward and terminating at the periphery in such a
mauner as to form a eylindrical body with a rounded outer extremity,
each peduncle terminating in a sin gle seed ; seeds 1.5 mm. to nearl ¥ 2 mm.
in diameter, oblong in shape, 5 mm. long, surrounded by an opalized
double seed-coat, their combined mass Iorming a somewhat irregular
layer over the whole upper part of the fruit, extending downward to
about the middle, each seed containing a number (6 to 12) of relati vely
large spherieal bodies, sometimes opalized like the seed coats, possibly
representing the archegonia: armor thin, about 4 em. thick; woody
zone not visibly divided, 4 ¢m. thick; medulla elliptical in eross section,
4 by 6 em. in diameter. '

At the time I described No. 77 of the Yale collection in June, 1598,
the specimen was almost wholly covered with an Incrustation of lime
and very little conld be learned of its nature. Sufficient, however, was
visible to indicate that it possessed an especial interest. The peculiar
granular structure of some of the fruits could De seen, and from sach
examination as T was able to make T derived the deseription that I
gave on page 213 of the Proceedings of the United States National
Museam, Vol. XXI, T included it provisionally and doubtfully in €.
Paynei, from the general form and appearance, althongh there were
differences even in the external character which were there pointed
out, and I was carefnl not to include the peculiarities observed in the
reproductive organs in the deseription of that species, because 1 antiei-
pated that these and the other differences might require it to be
removed from . Paynei when a fuller study of them should be made.

On my next visit to New Haveu in November, 1898, to study a fresh
inyoice of cycads sent hy Mr. Wells, T found another specimen, No. 131,
which exhibited most of the external characters of N 0. 77 and had
similar fruits, very few of which, however, contained the whole of the
spadix. In a number of cases this had fallen outf, leaving the bowl.
shaped eavity, but with some of the seminal pedunecles adhering to its
sides and terminating in the little elongated sockets in which the seeds
had lain. This at once revealed to me the true nature of the fraits
of No. 77, and I thereupon placed that specimen in a vat of acid and
removed the coating of lime. The specific identity of the two specimens
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was then manifest and it became clear that the small bodies described
in the latter and erroneonsly taken for the silicified cores of the seminal
peduncles were the seeds themselves.

T endeavored to impress upon Professor Marsh the great importance
of this discovery and the urgent necessity of having sections made of
this first case thus far discovered of seeds preserved in the trunk of an
American eyead. The extreme rarity of such cases justified this
exceptional interest, and I succeeded in arousing in Professor Marsh a
part of the interest that I felt in the matter.

It chaneced that Mr. George R. Wieland was at the time working in
the Peabody Museum. He had himself collected a considerable num-
ber of cyeads, had spent one day with Mr. Wells and myself in the
Blackhawk region, and was greatly interested in the general subject.
He had had considerable training in the technique of section eutting,
and, with Professor Marsh’s approval, he proceeded to malke some see-
tions of one of the best spadices of No. 77, which was easily detached
from near the fractured margin of the trunk. The longitudinal section
first made revealed the whole nature of the fruit and showed its essen-
tial identity with the fruits of (. (fibsoni, that had been the subject of
such prolonged and exhanstive studies on the part of Carruthers and
Solms Lanbach, in Europe. 1t proved also to be at least generically
identical with the celebrated fruit called Bemnettites Morierei, from the
Jurassic of Calvados in France, so heautifully monographed by
Professor Lignier.

A cross section was also made while I was at New Haven, and from
these sections I was able to write the description of the internal
structure of these [ruits as given above.

I was convineed that other specimens, both in the Yale collection
and in that of the United States National Musenm, would show perfect
fruits if properly treated, and 1 took that oceasion to urge Professor
Marsh to inangurate a systematie study of the Yale collection from
this point of view, which he did, and Mr. Wieland has continned the
work so auspicionsly begun. 1t is therelore with great pleasure that
1 dedicate this species to him, the first to bring to light the internal
strocture of the reproductive organs of the fossil cycads of America,

This species is therefore founded on the two type specimens, Nos, 77
and 131 of the Yale eollection. No.77 is smaller above than below, and
is naturally oblique at both base and summit, having lost nothing. It
is jagged on all sides with its unequal walls and protruding fruits. It
i8 32 em. high. Its major diameter varies from 23 to 25 cm., and its
minor from 16 to 21 em. It has a girth near the base of 74 em. and at
the summit of 66 em. Its weight is 21.09 kilograms.

No. 131 is larger than No. 77. It is long-conical, very obliquely trun-
cated above so as to want the apex entirely, also irregularly broken
across below, but the lowest part probably shows the true base, which
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was little if at all contracted. It is elliptical in cross section, and a
namber of pieces broken out of one side of the bage have been saved and
accompany the specimen. 1Its present height is 40 em., whieli, owing
to the oblignity of the fractures, probably represents its full length,
The longer diameter near the base is 26 em. and the shorter one 21 em.
The girth at the base is 70 em., and at a point just below the upper
fracture 66 cm, It weighs 22,92 kilograms.

P1. CXVI shows a side view of trunk No,77. A number of fruits
are clearly brought out.

CYCADEOIDEA ASPERA n. sp.
Pl EXWIL,

Tronks small, subconical, simple, very rough on the surface, light
brown varying to whitish, dark with white strealks within, moderately
heavy, about 20 em. high, nearly the same in diameter, and 70 em. in
circumference; organs of the armor someswhat declined throughout;
phyllotaxy not traceable; leaf scars anomalous in having the upper
angle much sharper thau the lower, the reverse of the usual case and
only elsewhere observed in . insolita, lower angle reduced to a groove,
a eurve, or a straight line, lateral augles always sharp; scars small, 12
to 25 mm. wide, 10 to 15 mm. high, subrhombic; leaf bases present
usually projecting 5 to 10 mm. above the walls, presenting a light
brown, very spongy and porous sorface, without evidence that any of
the pores represent the scars of vaseular strands ; ramentaceons inter-
stices thin, 1 to 5 mm., dark reddish brown, sunk to varying depths
among the projecting leaf bases and other organs, scaly and laminated
with crooked and twisted plates; reproductive Organs as numercous as
the leaf sears, projecting much beyond the petioles, sometimes 3 em.
high, solid or variously broken and Jagged, occasionally somewhat eav-
itous, scarcely showing any involucral scales, but in addition to all the
other organs described are small angular braets, mostly broken down,
presenting sharp edges and projections over the surface, intermediate
in character between scales and leaves, properly to be classed as bris-
tles or perulie; all the different projecting orgaus giving the trunk a
ragged and bristling appearance; armor, including projections, 6 em.
thick, the vascular strands traceable far into the woody zone and inner
limit not definite; parenchymatous layer 15 mm. thick, penetrated by
the whitened leaf hundles; secondary wood 2 em. thick, consisting of
two nearly equal rings, the outer white, the inner black or dark blue
in the only specimen known ; medulla 6 c¢m. in diameter, dark, fine-
grained and homogeneous. .

This speeies i8 based on the single specimen, No. 104 of the Yale col-
lection, which is somewhat less than half of a trunk that divided along
a vertical plane from top to bottom almost as smooth and even as it
sawn through by a 'gang saw, exposing the interior in an admirable
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manner. Its only affinities are with €. Paynei, and the speeimen,
though smaller, has a remarkable resemblance to No. 5 of the U. S.
National Musenm (ef. Ply. OXIV and CXV), which was cut through
on the same plane as this speeimen. The resemblance is, however,
more apparent than real, and the descending leaves and especially the
inverted sears clearly exclude it from that species. Add to this that
no specimens of 0. Paynei have been found elsewhere than in the origi-
uial Minnekahta loeality, and the improbability of this belonging to that
speeies is very greaf. It is too perfeet'a specimen to elass as undeter-
minable, and there seems no course lelt than to treat it as constituting
@ new species,

Fig. 1 of P’1, CXVII represents the rough outer surface and Fig. 2 the
inner face. '

The specimen is from the Blackhawk region.

CYCADEOIDEA INSOLITA n. 8p.
Pls. CXVIII, CXIX. -

Trunks medinm sized, unbranched, somewhat elliptical in eross see-
tion, subeylindrical or subconical; rock substance light eolored, mod-
erately hard and heavy; height of trunks 30 to 40 em.; diameter 30
to 35 em., girth abeut 1 mefer; organs of the armor nearly horizontal;
leaf sears irregularly distributed over the surface, very variable in
size and shape, rhombie or subrhombie, in the latter case having
the more acute angle above and the morve obtuse one below, i. e,
the opposite of the normal condition, 15 to 25 mm. wide, 8 to 15
min, high, sometimes empty to some depth, but in some such cases
the summits of the leal bases showing the vaseular bundles in the
form of little rods or pins projecting upward and forming a row all
round the leaf bases close to the margin with others near the center,
about 18 to each leal; leal bases sometimmes projecting in the form of
small cones, in which cases the bundles ean be seen either as black dots
or as little protuberances around the sides of the cones; ramentum
walls thin but variable, 1 to 4 mm., firm and sharp on the edges of
the scars, grooved along the middle; reproductive organs abundaut,
disturbing the phyllotaxy, tending to congregate and blend together,
presenting a rough surface, usually projecting, rather small and with
few bract scars; armor4 to 6 em. thick; cortieal parenchyma 2 to 3 em. ;
fibrous zone 15 to 30 mm., with two or three rings, the outer either pre-
served and showing fine-grained structure or much decayed, in either
case conspicuously partitioned off by the medullary rays, the others
also showing woody wedges; medulla 8 by 12 ¢m, in diameter at the
base, enlarging upward, hard and homogeneous in structure.

This species is founded on two specimens in the Yale collection,
Nos. 50 and 64, chiefly the latter, No. 50 being only a small fragment,
The characters can not be forced into any other species, especially the

19 GroL, PT 2——40
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mverted leaf scars and the peenliar habit of the vascular bundles in
the petioles. In No. 33, which is a branch of a trunk of the type of
No. 11, and has been referred to €. Marshiana, this latter peculiarity is
nearly repeated, but this happens in no other specimen of that species,

No. 64 is the lower part of a trunk irregularly broken across the top
and down oue side to near the middle. The apex is therefore unkuown.
It is this specimen that has furnished all the external characters, but
No. 50 shows precisely the same characters so far as it goes, and adds
somewhat to the knowledge of the internal parts. No. 64 weighs 2495
kilograms and No. 50, 3.29 kilograms.

Pl OXVIII and Fig. 1 of PL. OXIX illustrate the trunk, No. 64, but
the views can not be said to be very satisfactory. Fig. 2 of Pl. CXIX
affords a much better idea of the leaf sears as they are seen on the
outer surface of the smaller fragment, No. 50. Their inverted form is
here made clear, though some appear as true rhombs,

Both specimens are from the Minnekahta region.

(YCADEOIDEA OCCIDENTALIS . sp.
Pl CXX.

Trunks medium sized, conical or ellipsoidal, simple or with a few
small secondary axes, well silicified, moderately hard and heavy, red-
dish brown without, dark or nearly black within; organs of the armor
generally ascending; phyllotaxy not traceable in any of the Bpecimens;
leaf scars subrhombie, variable in size, 16 to 25 mm. long, 10 to 16 mm.
high, usually filled by the leaf bases; bundles not visible; ramenta-
ceous interspaces thin, less than 2 mm., ronghened without, white within,
contrasting strongly with the black petiolar substance in longitudinal
section; reproductive organs rare, slightly protruding, usually Lhaving
remains of the organs preserved, occasionally decayed so as to leave
openings, obscure from without, distinet in sections longitudinal to
them, penetrating to a depth of 6 cm.; the substance above the fruib
light colored; fruit dark, elliptical or ovate, nearly homogeneons and
showing no structure, subtended by strong involueral braets and
crowded by a mat of chaff probably consisting of the summits of the
interseminal scales; seeds not detectable; armor 5 to 8 em. thick, irregn-
larly joined to the woody axis, the outer or parenchymatous portion of
which, to a thickuess of 3 em., is more or less decayed in most of the
specimens; fibrous zone divided into two rings, each about 15 mn,
thick, the innermost very firm and fine-grained, its inner wall (exposed
in two specimens) regularly marked by the scars of the medullary rays,
the scars consisting of conspicuous elongated depressions arranged in
longitudinal rows at equal distances (1 em.) from one another; the
scars nearly the same distance one above another but alternating so
as to form diagonal rows erossing the vertical ones at an angle of nearly
4595 inner face of the second ring of wood (exposed over a small area
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in one specimen; nearly smooth but faintly striate in a horizontal
direction, marked with smaller, more distant scars; medulla (repre-
sented only in one small disk-shaped specimen from near the top of a
trank, and here thoroughly erystallized) scarcely known,

Four of the fragments picked np by me belong to this species. They
are Nos, 11, 12, 17, and 18, No. 11 is a large block weighing over 7
kilograms, showing considerable of the external sarface, which is not
very clear. Portions of it have been detached and eut in several direc-
tions to show the internal structure. Most of such characters above
given are derived from this source. No. 12 is a very small piece, con-
sisting entirely of the fibrous zone of wood, of which it shows the inner
wall with the scars identical in character with those of No. 11, of which
it is probably ouly a detached fragment. No. 17 is a crescent-shaped
fragment from a small trank, and weighs 2.27 kilograms. Tt appears to
have come from near the top of the trunk. No. 18 is a thin horizontal
zone or disk from near the top of a small trunk. The internal portion
" is much erystallized.

The specimens on which this species are based, though clearly dis-
tinet in their external charvacters from any of the rest, ave still so frag-
mentary and imperfect that in photographing the material they were
overlooked, and no views were taken of. the outer surface. One of
them, however, No. 11, has furnished an excellent section through the
armor and wood, an enlarged view of which is shown on Pl, ¢ X X,

Al the speeimens are from the Minnekahta region.

CYCADBEOIDEA JENNEYANA Ward.
Pls: XX T-(XXXII

1894, Cyeadeoidea Jenneyana Ward: Proe, Biol. Soe. Washington, Vol. IX, April 9,
1894, p. 8T,

Trunks large and tall, attaining a height of 130 e, eylindrical, little
compressed, 30 to 40 em. in diameter, the girth reaching over a meter
and a half, firmly silicified, more or less chaleedonized or opalized
within, very hard and heavy, light brown or reddish externally, white
or reddish, sometimes black within; organs of the armor horizontal ex-
cept near the summit; leaf scars arranged in interseeting spiral rows,
those passing from left to right making an angle of about 40° and
those from right to left of about 50° with the vertical axis; scars
subrhombic to subtriangular with mostly rounded angles, sometimes
kite shaped, large, 20 to 30 mm. wide, 12 to 25 mum. high, partially or
wholly filled with the remains of the leaf stalks; vaseular bundles in the
petioles arranged in an imperfect row all around near the margin with
other straight rows, or somewhat scattered in the interior, nuierous (40
were counted in one cross section), cireular, elliptical, erescent-shaped
or kidney-shaped in section; ramentaceous interspaces very thick but
somewhat variable (6 to 13 mun), sometimes roughened or irregularly
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affected by smull pits representing bract scars, a line of whicn may
run through the eenter, dividing the walls, or by craeks which divide
them into plates or small partitions: reproduetive organs numerous,
large, and well developed, often protruding, sometimes cavitous, scat-
tered over all parts of the surfice, axillary to the leaf scars, whose
shape and order they distort, elliptical in ontline, 25 to 40 mm. in a
horizontal and 18 to 26 mm. in a vertical direction, surrounded by
coneentrically arranged semilunar or somewhat trian gular bract sears,
which are somefimes continued in 2 horizontal direetion, converging and
blending with the rows dividing the walls, the eentral portion, when
exposed at the margin of a fracture, taking the form of an elongated
eylindrical spadix or fruit, whicl, seen in cross section, proves to be
made up of four large organs that seem to contain two axes, and
seen in longitndinal section, to constitute a convex receptacle from which
arise seminiferous peduncles (or filaments) and interseminal (or inter-
staminate) scales, the seeds (or anthers) having disappeared, leaving a
region of amorphous decayed tissue ocenpied by the matted prolonga-
tions of the chaff; armor 8 to 9 em. thick; liber zone very indistinet;
eortical parenchyma 3 to 4 em. thick; fibrovascnlar zone about 2 em.,
without visible subdivision into rings; medulla slightly elliptieal, the
major diameter 16 to 17 em., the minor 13 to 14 cn., black and cherty in
all the specimens, showing no strueture, giving off' rays which may be
seen traversing the woody cylinder.

The above deseription is based mainl ¥ on two large trunks, or parts
of the same trunk, which, through the intervention of Professor Jenney,
were generously loaned to the Smithsonian Institution by Dz, V. T
Willycuddy, director of the State School of Mines of South Dakota at
Rapid City, where they had been deposited. There are many reasons
for believing that these two pieces belong together, and with a small
missing intermediary piece constituted a tall, eylindrical trunk. Oneof
the pieces, about 40 em. long, represents the true base and the other, 58
cm, long, the true summit. The former is scareely worn at all while the
latter is deeply eroded all round as the vesult of having been long
exposed to adverse influences, probably by havin g lain in the bottom
ofagulch. Ttis therefore considerably smaller than the normaldiminu-
tion upward would require. The difference applies, however, wholly to
the exterior, and the medulla and woody cylinder are no smaller than
would be the casein an entirve trank at different Leights. After a care-
ful examination I have arrived at the conelusion that it they are parts of
one trunk it would only indicate the loss of about 30 em., which would
give a total height for the trunk of about 130 c¢m.

Only two other tall, eylindrical species of Cyecadeoidea are known to
me, viz, the €\ ercelsa, deseribed below, and the €. gigantea of Seward
from the Purbeck beds of Portland.! Specifically, of course, C. Jen-
neyana 1s very distinet from both of these, but in its straight, erect

tOn Cyeadeoiden giganten, a new Cyondean stem from the Purbeslk hads of Portland, hy A.C.
Seward : Quart. Jour. Geol. Soe. London, Vol. LITI, February, 1897, pp. 22-38 pla, i-v.
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Labit it somewhat resembles (. giganten. Tt is much less compressed
laterally, and il my conclusions are correet as to the amount missing
between the two sections, it was taller by 11 or 12 centimeters. My,
Seward does not state the weight of his specimen, but if the material
at all resembles that ol all other cycads from those quarries its specific
gravity is low and the weight would be small in relation to the bulk.
He states the girth of the specimen at 107 em, while that of ¢. Jen-
neyana is very nearly 130 em. More exactly, the lower piece measured
at the middle is 129.54 ¢m, while the upper piece, both at the lower end
and at the middle, measures 107 em. The difference, as explained
above, is chiefly due to erosion of the surface of the latter. The lower
piece weighs 95.26 kilograms, and the upper 86.18 kilograms, a total
of 181.44 kilograms. The entire trunk must therefore have weighed
nearly 250 kilograms, which would give it the third rank, from this
point of view, among the fossil eycads of the world.

The question whether there are any other specimens in the U, 8,
National Museum collection that belong to the same species is a more
difficnlt one. 1In 1893, as stated above (p. 562), an expedition was made
to the locality. No other fragments were found by any of our party,
althongh we all searched diligently for several hiours and col