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PREFACE.

Tre object of this work is to give, in a connected

form, a summary of the development of the vegetable
kingdom in geological time.
‘ To the geologist and botanist the subject is one of
uportance with reference to their special pursuits, and
One on which it has not been easy to find any conveni-
ent manual of information. Tt is hoped that its treat-
ment in the present volume will also be found suffi-
Gient]y simple and popular to be attractive to the
general reader.

In a work of so limited dimensions, detailed deserip-
tions cannot be given, except oceasionally by way of
ﬂlustration; but references to authorities will be made
In foot-notes, and eertain details, which may be useful to
collectors and students, will be placed in notes appended
to the chapters, so as not to encumber the text.

The illustrations of this work are for the most part
Original ; hut some of them have previously appeared
n special papers of the author.

J. W. D
February, 1888,
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THE

GEOLOGICAL HISTORY OF PLANTS.

CHAPTER L

PRELIMINARY IDEAS OF GEHOLOGICAL CHRONOLOGY AND
OF THE CLASSIFICATION OF PLANTS.

TuE knowledge of fossil plants and of the history of
the vegetable kingdoiu has, until recently, been so frag-
Mentary that it scemed hopeless to attempt a detailed
treatment of the subject of this little book. Our stores
of knowledge have, however, been rapidly accumulating
n recent years, and we have now arrived at a stage when
€very new discovery serves to render useful and intelligi-

le a vast number of facts previously fragmentary and of
Uncertain import.

The writer of this work, born in a district rich in

fossil plants, began to collect and work at these as a

0, in connection with botanical and geological pursuite.

¢ has thus been engaged in the study of fossil plants
for nearly half a century, and, while he has publithed
Much on the gubject, has endeavoured carefully to kecp
Within the sphere of ascertained facts, and has made it
A Specialty to collect, as far as possible, what has been
Published by others. He has also enjoyed opportunities
?f.GOI'l‘espondence or personal intercourse with most of

B
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the more eminent workers in the subject. Now, in the
evening of his days, he thinks it right to endeavour to
place before the world a summar y of facts and of his own
matured conclusions—feeling, however, that nothing can
be final in this matter ; and that he can only hupe to
sketch the present aspeet of the subject, and to point the
way to new developments, which must go on long after
he shall have passed away.

The subject is one which has the disadvantage of pre-
supposing some knowledge of the geological history of
the earth, and of the classification and structures of mod-
ern plants ; and in order that all who may please to read
the following pages may be placed, as nearly as possible,
on the same level, this introductory chapter will be de-
voted to ashort statement of the general facts of geological
chronology, and of the natural divisions of the vegetable
kingdom in their relations to that ¢hronology.

The erust of the earth, aswe somewhat modestly term
that portion of its outer shell which is open to our obser-
vation, consists of many beds of rock superimposed on
each other, and which must have been deposited succes-
sively, beginning with the lowest. This ig proyved by the
structure of the beds themselves, by the markings on
their surfaces, and by the remaing of animals and plants
which they contain ; all these appearances indicating that
each successive bed must have been the surface before it
was covered by the next.

As these beds of rocl were mostly formed under water,
and of maferial derived from the waste of land, they are
not universal, but occur in those places where there were
extensive areas of water receiving detritus from the land.
Further, ag the distinetion of land and water arises prima-
rvily from the shrinkage of the mass of the earth, and
from the consequent collapse of the erust in some places
and ridging of it up in others, it follows that there have,
from the earliest geological periods, been deep ocean-
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bﬂBins, ridges of elevated land, and broad plateansg inter-
Vening between the ridges, and which were at some times
under water, and at other times land, with many inter-
mediate phases. The settlement and erumpling of the
crust were not continuous, but took place at intervals;
and each guch settlement produced not only a ridging up
along certain lines, but also an emergence of the plains
or plateans. Thus at all times there have been ridges of
folded rock constituting mountain-ranges, flat expansions
of continental plateau, sometimes dry and sometimes gub-
merged, and deep ocean-basins, never except in gome of
their ghallower portions elevated into land.

By the study of the successive beds, more especially
of those deposited in the times of continental submer-
gence, we obtain a table of geological chronology which
expregses the several stages of the formation of the earth’s
erust, from that early time when a solid shell first formed
on our nascent planct to the present day. By collecting
the fosgil remains embedded in the several layers and
Placing these in chronological order, we obtain in like
Manner histories of animal and plant life parallel to the
Physical changes indicated by the beds themselves, The
facts as to the sequence we obtain from the study of ex-
Posures in cliffs, cuttings, quarrics, and mines ; and by
Correlating these local sections in a great number of places,
We obtain our general table of suceession ; thongh it is to
be observed that in some single exposures or serios of
EXposureg, like those in the great cafions of Colorado, or
on the cousts of Great Britain, we can often in one locality
see nearly the whole sequence of beds. Let us observe
here also that, though we can trace these series of deposits
over the whole of the surfaces of the continents, yet if
the serios could be seen in one spot, say in one shaft sunk
through the whole thickness of the earth’s crust, this
Would be sufficient for our purpose, so far as the history
of life i5 concerned.
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The evidence is similar to that obtained by Schlie-
mann on the site of Troy, where, in digging through sue-
cessive layers of débris, he found the objects deposited by
successive occupants of the site, from the time of the
Roman Empire back to the carliest tribes, whose flint
weapons and the ashes of their fires rest on the original
surface of the ground.

Let us now tabulate the whole geological succession
with the history of animals and plants associated with it:

ANIiALS] AYSTEMS OF FORMATIONS. PLAKTS.
& [ Modern,
"5 | Pleistacene
Age of Man and § 3 & Angiosperms and
‘ Pliocene, >
Mammalia. ,§ [ Miooens, TPalms dominant,
M | Hocene.
=
= | Cretaceous :
=] T E
Age of Reptiles. | 3 -1[ Jurasgic, | c'}e":'i‘li"i‘:gn{"“w
% | Triassie. g
=
Permmll'.lf,
A et e + | Carboniferous
Age aofﬁp}:ﬂ;mna 'é Erian, Acrogens and Gym-
i, i f“IS[ i 2 4 Bilurian, nosperms  domi-
ge of luverte-| X | griovieian, nant
brates. = ;
F~ | Cambrian,
Huronian (Upper).
o { Huronian (Lower),
: = | Upper Laurentian, Protozens and
A0 R 2 | Middle Laurenum*:, .-flga:.
= 1 aner Laurentian.

It will be ohserved, since only the latest of the sys-
toms of formations in this table belongs to the period of
human history, that the whole lapse of time embraced in
the table must be enormous. If we suppose the modern
period to have continued for say ten thousand years, and
each of the others to have been equal to it, we shall re-
quire two hundred thousand years for the whole. There
ig, however, reason to believe, from the great thickness of
the formations and the slowness of the deposition of many
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of them in the older systems, that they must have re-
quired vastly greater time. Taking these criteria into
account, it has been estimated that the time-ratios for
the first three great ages may be as one for the Kainozoie
to three for the Mesozoic and twelve for the Paleozoic,
With as much for the Eozoie as for the Paleozoie. This is
Dana’s estimate. Another, by Hull and Houghton, gives
the following ratios : Azoic, 843 per cent. ; Palaozoic,
425 per cent. ; Mesozoic and Kainozoic, 232 per ecnt.
It is further held that the modern period is much shorter
than the other periods of the Kainozoie, so that our
geological table may have to be measured by millions of
years ingtead of thousands.

We cannot, however, attach any certain and definite
value in years to geological time, but must content our-
selves with the general statement that it has been vastly
long in comparison to that covered by human history.

Bearing in mind this great duration of geological time,
and the fact that it probably extends from a period when
the earth wag intensely heated, its crust thin, and its con-
tinents gg yet unformed, it will be evident that the con-
ditions of life in the earlier geologic periods may have

oen very difforent from those which obtained later.

hen we further take into account the vieissitudes of
land and water which have occurred, we shall see that
Such changes must have produced very great differences
of climate. The warm equatorial waters have in all
Periods, ag superficial oceanic currents, been main agents
In the diffusion of heat over the surface of the earth, and
their distribution to north and south must have been
determinod mainly by the extent and direction of land,
though it may also have been modified by the changes n
the astronomical rolations and period of the earth, and
the form of its orbit.* We know by the evidence of

* (roll, * Climate and Time.”
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fossil plants that changes of this kind have oceurred so
great ag, on the one hand, to permit the plants of warm
temperate regions to exist within the Aretie Cirele ; and,
on the other, to drive these plants into the tropics and
to replace them by Aretic forms. It is evident also that
in those periods when the continental areas were largely
submerged, there might be an exeessive amount of moist-
ure in the atmosphere, greatly modifying the climate, in
80 far as plants are concerned.

Let us now consider the history of the vegetable king-
dom as indicated in the few notes in the right-hand
column of the table. )

The most general subdivision of plants is into the two
great series of Cryptogams, or those which have no mani-
fest flowers, and produce minube spores instead of seeds;
and Phenogams, or those which possess flowers and pro-
duce seeds containing an emhbryo of the future plant.

The Cryptogams may be subdivided into the following
three groups :

1. Thallogens, cellular plants not distinetly distin-
guishable into stem and leaf. These are the Fungi, the
Lichens, and the Algs, or sea-weeds.

2. Amnogens, having stem and foliage, but wholly eel-
lnlar. These are the Mosses and Liverworts.

3. Aerogens, whiech have long tubular fibres as well ag
cells in their composition, and thus have the capacity of
attaining a more considerable magnitude. These are the
Ferne (#ilices), the Mare’s-tails (Byuiselocew), and the
Club-mosses (Lycopodiace®), and a curious. little group
of aquatic plants called Rhizocarps ( Rhizocarpe).

The Phanogams are all vascular, but they differ much
in the simplicity or complexity of their flowers or seeds.
On this ground they admit of a twoleld division :

1. Gymnosperms, or those which bear naked seeds
not enclosed in fruits. They are the Pines and their
allies, and the Cycads.
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2. Angiosperms, which produee true fruits enclosing
the seeds. Tn this group there are two well-marked sub-
divisions differing in the structure of the seed and stem.
ifhe}’ are the Endogens, or inside growers, with seeds hav-
ing one seed-leaf only, as the grasses and the palms; and
the Erogens, having outside-growing woody stems, and
seeds with two seed-leaves. Most of the ordinary forest-
trees of temperate climates belong to this group.

On referring to the geological table, it will be scen

that there is a certain rough correspondence between the
?l‘der of rank of plants and the order of their appearance
in fime, The oldest plants that we certainly know are
Alge, and with these there are plants apparently with
the structures of Thaliophytes but the habit of trees, and
which, for want of a better name, I may eall Protogens.
Plants akin to the Rhizocarps also appear very early.
Next in order we find forests in which gigantic Ferns and
Lycopods and Mare’s-tails predominate, and are associated
With pines. Succeeding these we have a reign of Gym-
nospermg, and in the later formations we find the higher
Phﬂ%nogums dominant. Thus there is an advance in
elevation and complexity along with the advance in
geological time, bul connected with the remarkable fact
that in earlior times low groups attain to an elevation
Unexampled in later times, when their places are occu-
Died with plants of higher type.
Tt is this historical development that we have to trace
in the following pages, and it will be the most simple
and at the same time the most instructive method to
consider it in the order of time.



CHAPTER II.

VEGETATION OF THE LAURENTIAN AND EARLY PALEO-
ZOIC—QUESTIONS AS TO ALGZA.

Orpuer of all the formations known to geologists, and
representing perhaps the earliest rocks produced after our
earth had ceased to be a molten mass, are the hard, erys-
talline, and much-contorted rocks named by the late Sir
W. E. Logan Laurentian, and which are largely developed
in the northern parts of North America and Europe, and
in many other regions. So numerous and extensive, in-
deed, are the exposures of these rocks, that we have good
reason to believe that they underlie all the other forma-
tions of our continents, and are even world-wide in their
distribution. In the lower part of this great system of
rocks which, in some places at least, is thirty thousand
feet in thickness, we find no traces of the existence of
any living thing on the earth. Bnt, in the middle por-
tion of the Laurentian, rocks are found which indieate
that there were already land and water, and that the waters
and possibly the land were already tenanted by living
beings. The great beds of limestone which exist in this
part of the system furnish one indication of this. In the
later geological formations the limestones are mostly or-
ganic—that is, they consist of accumulated remaing of
. shells, corals, and other hard parts of marine animals,
which are gomposed of calcium carbonate, which the ani-
mals obtain directly from their food, and indirectly from
the ealearcons matter dissolved in the sea-water. In like
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manner great beds of iron-ore exist in the Laurentian ;
but in later formations the determining cause of the
accumulation of such beds is the partial deoxidation and
solution of the peroxide of iron by the ageney of organie
matter. Besides this, certain forms known as Eozoon
Canadense have been recognised in the Laurentian lime-
stones, which indicate the presence at least of one of the
lower types of marine animals. Where animal life is, we
may fairly infer the existence of vegetable life as well,
since the plant i¢ the only producer of food for the ani-
mal. But we are not left merely to this inference. Great
quantities of carbon or charcoal in the form of the sub-
Stance known as graphite or plumbago exist in the
Laurentian, Now, in more recent formations we have
deposits of coal and bituminous matter, and we know
that these have arisen from the accumulation and slow
Putrefaction of masses of vegetable matter. Further, in
Places where igneous action has affected the beds, we
find that ordinary coal has been changed into anthracite
1_1411(1 graphite, that bituminous ghales have been converted
to graphitic shales, and that eracks filled with soft
ithminous matter have ultimately become changed into
Veing of graphite. When, therefore, we find in the Laun-
Tentian thick beds of graphite and beds of limestone
charged with detached grains and crystals of this sub-
Stance, and graphitic gneisses and schists and veins of
graphite traversing the beds, we recognise the same
Phenomena that are apparent in later formations con-
taining vogetable débris.
The carbon thus oceurring in the Laurentian is not
o be regarded ag exceptional or rare, but is widely dis-
tributed and of large amount. In Canada more especially
the deposits are very considerable.
~ The graphite of the Laurentian of Canada occurs both
in beds and in veins, and in such a manner ag to show
that its origin and deposition are contemporaneous with
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those of the containing rock. Sir William Logan states *
that ““the deposits of plumbago generally occur in the
limestones or in their immediate vicinity, and granular
varieties of the rock often contain large erystalline plates
of plambago. At other times this mineral is so finely
disseminated as to give a bluish-grey colour to the lime-
stone, and the distribution of bands thus colonred seems
to mark the stratification of the rock.” He further
gtates : ““The plumbago iz not confined to the lime-
stones ; large crystalline seales of it are occasionally dis-
seminated in pyroxene rock, and sometimes in quartzite
and in feldspathic rocks, or even in magnetic oxide of
iron.” In addition to these bedded forms, there are also
true veins in which graphite oceurs associated with ecal-
cite, quartz, orthoclase, or pyroxene, and either in dis-
seminated scales, in detached magses, or in bandg or layers
“goparated from each other and from the wall-rock by
feldspar, pyroxene, and quartz.” Dr. Hunt also men-
tions the oceurrence of finely grannlar varieties, and of
that peculiarly waved and corrugated variety simulating
fossil wood, thongh really a mere form of laminated
stracture, which also oceurs at Warrengburg, New York,
and ab the Marinski mine in Siberia. Many of the veins
are not true fisgures, but rather constitute a network of
shrinkage cracks or segregation veins traversing in count-
less numbers the containing rock, and most irregular in
their dimensions, so that they often resemble strings of
nodular masses. It is most probable that the graphite of
the veins was originally introduced as a liquid or plastie
hydrocarbon ; but in whateyer way introduced, the char-
acter of the veins indicates that in the case of the greater
number of them the carbonaceous material must have
been derived from the bedded rocks traversed by these
veing, to which it bears the same relation with the veins

# % Geology of Canada,” 1863.
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of bitumen found in the bituminous shales of the Car-
boniferons and Silurian rocks. Nor can there be any
doubt that the graphite found in the beds has been de-
bosited along with the calearcous matter or muddy and
sandy sediment of which these beds were originally com-
Posed, *

The quantity of graphite in the Lower Laurentian
series is enormons. Some years ago, in the township of
Buckingham, on the Ottawa River, I examined a band of
limestone believed to be a continuation of that described
by Bir W. E. Logan as the Green Lake limestone. It
Wa§ estimated to amount, with some thin interstratified
bands of gneiss, to a thickness of six hundred feet or
more, and was found to be filled with disseminated erys-
tals of graphite and veins of the mineral to such an extent
48 to constitute in some places one-fourth of the whole ;
and, making every allowanee for the poorer portions, this
band cannot contain in all a less vertical thickness of
Pure graphite than from twenty to thirty feet. In the
adjoining township of Lochaber Sir W. E. Logan notices
2 band from twenty-five to thirty feet thick, reticulated
With graphite veins to such an extent as to be mined with
Profit for the mineral. At another place in the same dis-
trict a bed of graphite from ten to twelve feet thick, and
Yielding 20 per cent. of the pure material, iz worked.
As it appears in the excavation made by the quarrymen,
it resembled a bed of coal; and a block from this bed,
dbout four feet thick, was a prominent objeet in the
Canadian department of the Colonial Exhibition of 1886.

hen it is considered that graphite occurs in similar
abundance at several other horizons, in bedg of limestone
Which have been ascertained by Sir W. E. Logan to have
An agoregate thickness of thirty-five hundred feet, it is

* Paper by the author on Laurentian Graphite, “ Journal of London
Geological Society,” 1876,
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searcely an exaggeration to maintain that the quantity of
carbon in the Laurentian is equal to that in similar areas
of the Carboniferous system. It is also to be observed
that an immense area in Canada appears to be oceupied
by these graphitic and Zozoon limestones, and that rich
graphitic deposits exist in the continuation of this sys-
tem in the State of New York, while in rocks believed to
be of this age near 8t. John, New Brunswick, there is a
very thick bed of graphitic limestone, and associated with
it three rogular beds of graphite, having an aggregate
thickness of about five feet.®

It may fairly be assumed that in the present world,
and in those geological periods with whose organie re-
maing we are more familiar than with those of the Lau-
rentian, there is no other source of unoxidized carbon in
rocks than that furnished by organic matter, and that
this has obtained its carbon in all eases, in the first in-
stance, from the deoxidation of carbonic acid by living
plants. No other source of earbon ean, I beliove, be
imagined in the Lauventian period. We may, however,
suppose cither that the graphitic matter of the Laurentian
has been accumulated in beds like those of coal, or that
it has consisted of diffused bituminous matter similar to
that in more modern bituminous shales and bituminous
and oil-bearing limestones. The beds of graphite near
St. John, some of those in the gneiss at Ticonderoga in
New York, and at Lochaber and Buckingham, and clse-
where in Canada, are so pure and regular that one might
fairly eompare them with the graphitic coal of Rhode
Island. These instances, however, are exceptional, and
the greater part of the disseminated and vein graphite
might rather be likened in its mode of occurrence to the
bituminons mafter in bibuminous shales and limestones,

* Matthew in “Quarterly Journal of the Geological Society,” wvol.
xxi,, p. 423, “Acadian Geolozy,” p. 662
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We may compare the disseminated graphite to that
Which we find in those distriets of Canada in which Silu-
Mian and Devonian bituminous shales and limestones have
been metamorphosed and converted into graphitic rocks
110t very dissimilar to those in the less altered portions of
the Lanrentian.* Tn like manner it seems probable that

he numerous reticulating veing of graphite may have
l?een formed by the segregation of bituminons matter into
S8ures and planes of least resistance, in the manner in
Which such veins oceur in modern bituminous limestones
ad shales, Such bituminous veins oceur in the Lower
Oﬂl‘bouiferous limestone and shale of Dorchester and
.illsborough, New Brunswick, with an arrangement very
Similar to that of the veins of graphite ; and in the Que-
“6 Tocks of Point Levi, veins attaining to a thickness of
more than g foot, are filled with a coaly matter having a
transverse columnar structure, and regarded by Logan
Nlld Hunt as an altered bitumen. These palmozoic analo-
8168 would lead us to infer that the larger part of the
Wrentian graphite falls nnder the second elass of de-
Posits aboye mentioned, and that, if of vegetable origin,
© Organic matter must have been thoroughly disin-
8rated and bituminised before it was changed into
EMaphite, This wonld also give a probability that the
Vegetation implied was aquatic, or at least that it was
aeumulated under water.

Dr. Hunt has, however, observed an indication of ter-
restrig] vegetation, or at least of subaéirial decay, in the
8reat bods of Laurentian ivon-ore. These, if formed in
the sgme manner as more modern deposits of this kind,
Vould imply the reducing and solvent action of sub-
Stances produced in the decay of plants. In this case
Such great oro-beds as that of Hull, on the Ottawa, seventy

i Granby, Melbourne, Owl's Head, &c., “Geology of Canada,” 1863,
P- 599,
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feet thick, or that near Newhorough, two hundred feet
thick,® must represent a corresponding quantily of vege-
table matter which hag totally disappeared. It may be
added that similar demands on vegefable matter as a
deoxidising agent are made by the beds and veins of
metallic sulphides of the Laurentian, though some of
the latter are no doubt of later date than the Laurentian
rocks themselves.

It would be very desirable to confirm such conclusions
as those above deduced by the evidence of actual micro-
scopic structure. It is to be observed, however, that
when, in more modern sediments, Algm have been con-
verted into bituminous matter, we cannot ordinarily ob-
tain any structural evidence of the origin of such bitumen,
and in the graphitic slates aud limestones derived from
the metamorphosis of such rocks no organic structure
remains. It is true that, in certain bituminoug ghales
and limestones of the Silurian system, shreds of organie
tissue can sometimes be detected, and in some cases, as
in the Lower Silurian limestone of the La Cloche Mount-
ains in Canada, the pores of brachiopodous shells and
the eells of corals have been penetrated by black bitu-
minous matter, forming what may be regarded as natural
injectionsg, sometimes of much beauty. In correspondence
with this, while in some Laurentian graphitic rocks, as,
for ingtance, in the compaet graphite of Clarendon, the
carbon presents a curdled appearance due to segregation,
and precigely similar to that of the bitumen in more
modern bituminous rocks, I can detect in the graphitie
limestones oceasional fibrous structures which may be
remains of plants, and in some specimens vermicular
lines, which I believe to be tubes of Fozoon penetrated
by matter once bituminous, but now in the state of
graphite.

#* % Geology of Canada,” 1863,
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When pal@ozoic land-plants have been converted into
graphite, they sometimes perfectly retain their structure.
Mineral charcoal, with gtructure, exists in the graphitie
coal of Rhode Island. The fronds of ferns, with their
minutest veing perfect, are preserved in the Dovonian
shales of St John, in the state of graphite; and in the
same formation there are trunks of Conifers (Dadoxylon
O“W“*Qﬂnd-iwnum) in which the material of the cell-walls

28 been converted into graphite, while their cavities
have been filled with caleareous gpar and quartz, the
nest structures being preserved quite as well as in com-
Paratively unaltered specimens from the coal-formation. *

0 structures so perfect have ag yet been detected in the
Lﬂumntian, though in the largest of the three graphitie
beds at St John there appear to be fibrous structures,
Which T believe may indicate the existence of land-plants.
This graphite is composed of contorted and slickensided
dminie, much like those of some bituminous shales and
€oarse coals; and in these are occasional small pyritons
magses which show hollow carbomaccoug fibres, in some
Cases presenting obscure indications of lateral porves, I
Tegard thege indications, however, as uncertain ; and it is
not gg yet fully ascertained that these beds at St. John
ATe on the same geological horizon with the Lower Lau-
Yhtian of Canada, though they cerlainly underlie the
Nimordial geries of the Acadian group, and are sepa-
rated from it by beds having the character of the Hu-
TOnign,

There is thus no ahsolute impossibility that distinet
Organic tissnes may be found in the Laurentian graphite,
it formed from land-plants, more especially if any plants
existed at that time having true woody or vascular tissues;

kit cannot with certainty be affirmed that such tissues

* “ Acadian Geology,” p. 535. In caleified specimens the structures
TeIain in the graphite after decalcification by an acid,



16 THE GEQLOGICAL HISTORY OF PLANTS.

have been found. It is possible, however, that in the
Laurentian period the vegetation of the land may have
consisted wholly of cellular plants, as, for example,
mosses and lichens; and if so, there would be compara-
tively little hope of the distinct preservation of their
forms or tissues, or of our being able to distinguish the
remains of land-plants from those of Alge.

We may sum up these facts and considerations in the
following statements : First, that somewhat obscure
traces of organie structure can be detected in the Lauren-
tian graphite; sccondly, that the general arrangement
and microscopic structure of the substance corresponds
with that of the carbonaceous and bituminous matters in
marine formations of more modern date ; thirdly, that if
the Laurentian graphite has been derived from vegetable
matter, it has only undergone a metamorphosis similar in
kind to that which organic matter in metamorphosed
sediments of later age has experienced ; fourthly, that the
association of the graphitic matter with organic lime-
stone, beds of iron-ore, and metallic sulphides greatly
strengthens the probability of its vegetable origin ; fifthly,
that when we consider the immense thickness and extent
of the Hozoonal and graphitic limestones and iron-ore
deposits of the Laurentian, if we admit the organic origin
of the limestone and graphite, we must be prepared to
helieve that the life of that early period, thongh it may
have existed under low forms, was most copiously devel-
oped, and that it equalled, perhaps surpassed, in its re-
gults, in the way of geological accumulation, that of any
subsequent period.

Many years ago, at the mecting of the American As-
gociation in Albany, the writer was carrying into the
room of the Geological Section a mass of fossil wood from
the Devonian of Gaspé, when he met the late Professor.
Agagsiz, and remarked that the specimen was the re-
maing of a Dovonian tree comtemporancous with his
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fishes of that age. * How I wish I could sit under its
shade ! wag the smiling reply of the great zodlogist ; and
When we think of the great accumulations of Laurentian
arbon, and that we are entirely ignorant of the forms
and structures of the vegetation which produced it, we
€an scarcoly suppress a feeling of disappointment. Some
things, however, we can gafely infer from the facts that
are known, and these it may be well to mention.
The climate and atmosphere of the Lanrentian may
hf“'e been well adapted for the sustenance of vegetable
ife. We can gearcely doubt that the internal heat of the
earth still warmed the waters of the sea, and these warm
Waters must have diffused greab quantities of mists and
Yapours over the land, giving a moist and equable if not a
Yery clear atmosphere. The vast quantitios of carbon di-
Oxide afterwards sealed up in limestones and carbonaceous
beds must also have still floated in the atmosphere and
Must have supplied abundance of the carbon, which con-
Stitutes the largest ingredient in vegetable tissues. Under
these cireumstances the whole world must have resembled
A damp, warm greenhouse, and plants loving such an at-
Mosphare conld have grown luxuriantly. In these cir-
CUmstances the lower forms of aquatic vegetation and
98¢ that love damp, warm air and wet soil would have

%en at home,

At we ask more particularly what kinds of plants
Might he expeected to be introduced insuch eireumstances,
W€ may obtain some information from the vegetation of
the Sueceeding Palaozoic age, when such conditions still
ontiuned to a modified extent. In this period the club-
Mosges, ferns, and mare’s-taile engrossed the world and
STeW 10 sizes and attained degrees of complexity of struc-
Yure not known in modern times. In the previous Lau-
entian a0 something similar may have happened to

2%, to Fungi, to Lichens, to Liverworts, and Mosses.

€ Algmw may have attained to gigantic di.merésioua, and,
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may have even aseended out of the water in some of their
forms. These comparatively simple cellular and tubular
structures, now degraded to the humble position of flat
lichons or soft or corky fungi, or slender cellular mosses,
may have been so strengthened and modified as to con-
stitute forest-trees. This would be quite in harmony with
what is observed in the development of other plants in
primitive geological times ; and a little later in this his-
tory we shall see that there is evidence in the flora of the
Silurian of a survival of such forms.

It may he that no geologist or botanist will ever be
able to realise these dreams of the past. But, on the
other hand, it is quite possible that some fortunate chance
may have somewhere preserved specimens of Laurentian
plants showing their strueture.

In any case we have here presented to us the strange
and starfling fact that the remarkable arrangement of
profoplasmic matter and chlorophyll, which enables the
vegetable cell to perform, with the aid of solar light, the
miracle of decomposing carbon dioxide and water, and
forming with them woody and corky tizsues, had already
been introduced upon the earth. It has been well said
that no amount of study of inorganic nature would ever
have enabled any one to anticipate the possibility of the
construction of an apparatus having the chemieul powers
of the living vegetable cell. Yel this most marvellous
structure seems to have been introduced in the full pleni-
tude of its powers in the Lanrentian age.

Whether this ecarly Laurentian vegetation was the
means of sustaining any animal life other than marine
Protozoa, we do not know. It may have existed for its
own sake aloue, or merely as a purifier of the atmosphere,
in preparation for the future introduction of land-ani-
mals. The fact that there have existed, even in modern
times, oceanic islands rich in vegetation, yet untenanted
by the higher forms of animal life, prepares ug to believe
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that such conditions may have been general or universal
in the primeval times we are here congidering.

It we ask to what extent the carbon extracted from
the atmosphere and stored up in the earth has been,
or is likely to be, useful to man, the answer must be
that it is not in a state to enable it to be used as min-
eral fuel, Tt has, however, important uses in the arts,
though at present the supply scems rather in excess of
the demand, and it may well be that there are uses of
graphite etill undiscovered, and to which it will yet be
applied,

Finally, it is deserving of notice that, if Laurentian
8taphite indicates vegetable life, it indicates this in vast
Profusion. That incaleulable quantities of vegetable
Mmatter have been oxidised and have disappeared we may

elieve on the evidence of the vast beds of iron-ore ; and,
in egard to that preserved as graphite, it is certain that
€very inch of that mineral must indicate many feet of
crude vegetable matter.

It is remarkable that, in ascending from the Lauren-
tian, we do not at first appear to advance in evidences
of plant-life, The Huronian age, which succeeded the
Laurentiau, seems to have been a disturbed and unquiet
time, anq, excepl in certain bands of iron-ore and some
flark slates coloured with carbonaceous matter, we find in
% 1o evidence of vegetation. In the Cambrian a great
Subsidence of our eontinents began, which went on,
though with 1gcal intermissions and reversals, all through

© Siluro-Cambrian or Ordovician time. These times
ere, for this reason, remarkable for the great abundance
and increase of marine animals rather than of land-plants.
Still, there are some traces of land vegetation, and we may
sketch first the facts of this kind which are known, and
hen adyart to some points relating to the earlier Algem,
OT sea-weeds,

An eminent Swedith geologiet, Linnarsson, has de-
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seribed, under the name of Eophyfon, certain impressiong
on old Cambrian rocks in Sweden, and which certainly
present very plant-like forms. They want, however, any
trace of carbonaceous matter, and seem rather to be
grooves or marks cut in clay by the limbs or tails of some
aquatic animal, and afterwards filled up and preserved by
succeeding deposits, After examining large series of
these specimens from Sweden, and from rocks of similar
age in Canada, I confess that I have no faith in their
vegetable nature.

The oldest plants known to me, and likely to have
been of higher grade than Algm, are specimens kindly
presented to me by Dr. Alleyne Nicholson, of Aberdeen,
and which he had named Buthotrephis Harknessii™ and
B. radiata. They are from the Skiddaw rocks of Cum-
berland. On examining these specimens, and others
subsequently collected in.the same locality by Dr. G. M,
Dawson, while convinced by their form and carbonaceous
character that they are really plants, I am inclined to re-
fer them not to Algee, but probably to Rhizocarps. They
consist of slender branching stems, with whorls of elongate
and pointed leaves, resembling the genus Annwlaric of
the coal formation. I am inclined to believe that both
of Nicholson’s species are parts of one plant, and for
this I have proposed the generic name Prolannularia
(Fig. 1). Somewhat higher in the Siluro-Cambrian, in
the Cincinnati group of Ameriea, Lesquereux has found
some minute radiated leaves, referred by him to the genus
Sphenophyllum,t which is also allied to Rhizocarps. Still
more remarkable is the dizcovery in the same beds of a
stem with rhombic areoles or leaf-bases, to which the
name Profostigma has been given.i If a plant, this may

* U Goologieal Magazine,” 1869,
{ Bec figure in next chapter.
1 Protostigma sigillarioides, Lesquereus.
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have been allied to the club-mosses. This seems to be
all that we at present know of land-vegetation in the
Siluro-Cambrian. 8o far as the remains go, they indicate
the presence of the
families of Rhizo-
carps and of Lyco-
pods.

If wo ascend
into the Upper Si-
larian, or Siluri-
an proper, the evi-
dences of land veg-
etation somewhat
increase. In 1859 1
descn'bed, in “The
dJournal of the Geo-
logical Society,” of
Londuu, a remark-
able tree from the
Lower Trian of
Gaspé, under the
Name Profotamites,
but for which I o
oW prefer the Hm&nifﬁfdﬁﬁi?ﬁﬂlﬁgﬁs‘;imﬂii\ o
hame  Nematophy- vieinn period.

07, When in Lon- .

don, in] e1E:'i17‘0, I obtained permission to examine cer-
tain specimens of spore-cases or sceds from the Uil'm;
Lundlow (Silurian) formation' of England, and w L;’
had been deseribed by Sir Joseph Hooker undz}er 1?
hame  Pachytheca. In the same’ gla.b.s Wlth‘ 1t liiegse
found fragments of fossil wood identical .ng 'mi]m:
of the Gaspé plant.  Still later I recognise hSI G

fragments associated also with Pachythecs in the Silu-
Tian of Cape Bon Ami, New Brunswick. La-stly_, ?1‘-
Hicks has discovered similar wood, and also similar
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fruits, in the Denbighshire grits, at the base of the Si-
lurian.*

F1e. 2.—Nemaloplyton Logani (mognified). Vertieal section.

From comparison.of this singular wood, the structure
of which is represented in Figs. 2, 3, 4, with the débris

Fra. 3.—Nematophyton Logani (magnified). Horizontal section, showing
purt of one of the radial spaces, with tubes passing into it.

of fosgil taxine woods, mineralised after long maceration
in water, I was inclined to regard Profofaziies, or, as 1

* “Journal of the Geological Bocicty,” August, 1881,
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haye more recently named it, Nematophyton, as a prime-
val gymnosperm allied to those trees which Unger had
deseribed from the Erian of Thuringia, under the name
Aporozylon.* Later examples of more lax tissues from
branches or young stems, and the elaborate examinations
kindly undertaken for me by Professor Penhallow and
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Fig, 4.— Nematophyton Loguani (magnified). Restoration.t

referred to in a note to this chapter, have induced me to
modify this view, and to hold that the tissues of these
singular trees, which seem to have existed from the be-

* & Palacontologie des Thuringer Waldes,” 1856.

t Figs. 2, 3, and 4 are drawn [rom nature by Prof. Penhallow, of
HcGill Co]luge_
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ginning of the Silurian age and to have finally disap-
peared in the early Erian, are altogether distinct from
any form of vegetation hitherto known, and are possibly
gurvivors of that prototypal flora to which I have already
referred, They are trees of large size, with a coaly bark
and large spreading roots, having the surface of the stem
smooth or irregularly ribbed, but with a nodose or jointed
appearance. Internally, they show a tissue of long, cylin-
drical tubes, traversed by a complex network of horizontal
tubes thinner walled and of smaller size. The tubes are
arranged in concentric zones, which, if annualrings, would
in some specimens indicate an age of one hundred and
fifty years. There are also radiating spaces, which I was
at first disposed to regard as true medullary rays, or which
at least indicate a radiating arrangement of the tissue.
They now seem to be spaces extending from the centre
towards the circumference of the stem, and to have con-
tained bundles of tubes gathered from the general tissue
and extending outward perhaps to organs or appendages
on the surface. Carruthers has suggested a resemblance
to Algs, and has even proposed to change the name to
Nematophyeus, or ““thread-sea-weed ”; but the resem-
blance is by no means clear, and it would be guite as rea-
sonable to compare the tissue to that of some Fungi or Li-
chens, or even to suppose that a plant composed of eylin-
drical tubes has been penetrated by the myeelinm or spawn
of a dry-rot fungus. But the tissues are too constant and
too manifestly connected with each other to justify this
Jast supposition. That the plant grew on land I cannot
donbt, from its mode of occurrence ; that it was of dura-
ble and resisting character is ghown by its state of preser-
vation ; and the structure of the seeds called Pachylheca,
with their constant association with these trees, give coun-
tenance to the belief that they are the fruit of Nema-
tophyton. Of the foliage or fronds of these strange
plants we unfortunately know nothing. They seem, how-
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ever, to realise the idea of arboreal plants having struct-
ures akin to those of thallophytes, but with seeds so
large and complex that they can scarcely be regarded as
mere gpores. They should perhaps constitute a separate
class or order to which the name Nemafodendrem may
be given, and of which Nematophyton will constitute one
genus and Aporoxylon of Unger another.*

Another question arises as to the possible relation of
these plants to other trees known by their external forms.
The Profostigma of Lesquereux has already been referred
to, and Claypole has described a tree from the Clinton
group of the United States, with large ovate leal-bases, to
Which he has given the name Glyptodendron.t If the
markings on these plants are really leaf-bases, they can
scarcely have been conneeted with Nematophyton, because
that tree shows no such gurface-markings, though, as we
have seen, it had bundles of tubes passing diagonally to
the surface. These plants were more probably trees with
an axis of barred vessels and thick, cellular bark, like the
Lepidodendron of later periods, to be noticed in the sequel.
Dr. Hicks hag also deseribed from the same series of beds
Which afforded the fragments of Nematophyton certain
Carboniged dichotomous stems, which he has named Ber-
Wynig., Tt is just possible that these plants may have
belonged to the Nematodendrese. The thick and dense
Coaly matter which they show resembles the bark of these
trees, the longitudinal gtriation in some of them may
Tepresent the fibrous structure, and the lateral projections
Which have been compared to leaves or leal-bases may
correspond with the superficial eminences of Nemafophy-
ton, and the spirally arranged punctures which it shows
on its surface. In this case I should be disposed to re-

_—

*Bee report by the author on *“Erian Flora of Canada,” 1871 and
1882, for full description of these fossils.
1 American Journal of Science,” 1878,
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gard the supposed stigmaria-like roots as really stems,
and the supposed rootlets as short, spine-like Tudiment-
ary leaves, All such comparisons must, however, in the
mean time be regarded as conjectural. We seem, how-
ever, to have here a type of tree very dissimilar to any
even of the later Palwozoic age, which existed through-
out the Silurian, and probably further back, which ceased
to exist early in the Hrian age, and before the appearance
of the ordinary coniferous and lepidodendroid trees.
May it not have heen a survivor of an old arboreal flora
extending back even to the Laurentian itself ?

Multitudes of markings occurring on the surfaces of
the older rocks have been referred to the Algm or sea-
weeds, and indeed this group has been a sort of refuge for
the destitute to which palmontologists have been accns-
tomed to refer any anomalous or inexplicable form which,
while probably organie, could not be definitely referred to
the animal kingdom. There can be no question that some
of these are truly marine plants; and that plants of this
kind oceur in formations older than those in which we first
find land-plants, and that they have continued to inhabit
the sea down to the present fime. It is also true thut the
oldest of these Algs closely resemble in form plants of
this kind still existing ; and, since their simple cellular
structures and soft tissues are scarcely ever preserved,
their general forms are all that we can know, so that their
exact resemblance to or difference from modern types can
rarely be determined. For the same reasons it has proved
difficult clearly to distinguish them from mere inorganie
markings or the traces of animals, and the greatest di-
vergence of opinion has occurred in recent times on-these
subjects, as any one can readily understand who consults
the voluminous and well-illustrated memoirs of Nathorst,
Williamson, Saporta, and Delgado.

The author of this work has given much attention to
these remains, and has not been disposed to claim for the
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vegotable kingdom o many of them as some of his con-
temporaries,* The considerations which scem most im-
bortant in making such distinctions are the following :
L The presence or absence of carbonaceous matter.
True Alg not infrequently present at least a thin film of
carbon representing their organie matter, and this is the
more likely to oceur in their case, as organic matters
buried in marine deposits and not exposed to atmogpherie
Oxidation are very likely to be preserved. 2. In the
absence of organic matter, the staining of the containing
rock, the disappearance or deoxidation of its ferruginous
colouring matter, or the presence of iron pyrite may indi-
Cate the removal of organie matter by decay. 3. When
Organic matter and indications of it are altogether absent,
and form alone remains, we have to distinguish from Algs,
trails and burrows similar to those of aquatic animals,
castg of shrinkage-cracks, water-marks, and rill-marks
Widely diffused over the surfaces of beds. 4. Markings
depressed on the upper surfaces of beds, and filled with
the material of the succeeding layer, are usually mere im-
Pressions, The cases of possible exceptions to this are
Very rare. On the .contrary, there are not infrequently
forms in relief on the surfaces of rocks which are not
Algse, hut may be ghallow burrows arched upward on top,
Or castings of worms thrown up npon the surface. Some-
times, however, they may have been left by denudation
of the surrounding material, just as footprints on dry
SN0W remain in relief after the gsurrounding loose material
has boen drifted away by the wind; tho portion consoli-
dated by pressure being better able to resist the denuding
agency.

The footprints from the Potsdam sandstone in Can-
ada, for which the name Profichnites was proposed by

* “Impressions and Footprints of Agquatic Animals,” * American
Journg] of Seience,” 1873,
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Owen, and which were by him referred to crustaceans
probably resembling Limulus, were shown by the writer,

Y,

17

Tie. 5.—Trail of & modemn king-
erab, to illustrate imitations of
Eluuts gometimes named Dilo-
ites.

in 1862,* to correspond
precisely with those of the
American Limulus (Poly-
phemus Oceidentalis) (Fig.
5). 1 proved by experi-
ment with the modern ani-
mal that the recurring se-
ries of groups of markings
were produced by the toes
of the large posterior tho-
racic feet, the irregular
geratches seen in Profich-
nites lineatus by the ordi-

nary feet, and the central furrow by the tail. It wWas also
ghown that when the Limulus uges its swimming-feet it
produces impressions of the character of thosc named

F1a. 6.—Trail of Carboniferous crustacean (Rusichnifes Acadicus), Nova
Beotin, to illustrate supposed Alge.

# & Canadian Naturalist,” vol. vii.



LAURENTIAN AND EARLY PALAO0ZOIC. 29

Climactichnites, from the same beds which afford Pro-
tichnites. The principal difference between Protichnites
and their modern representatives is that the latter have
two lateral furrows
broduced by the
sides of the cara-
bace, which are
Wanting in the for-
mer,

I subsequently
applied the game
explanation to sev-
eral other ancient
forms now known
under the gener-
al name Bilobites
(Figs. 6 and 7).

The tuberen-

lated impressions
known as  Phyma-
oderma and Coul-
ETpites may, as Zeil-
v has shown, be %ﬁuﬁn purlrl\;:algly of o crustacean. @, Track
mada by the bur- connected with it
Towing of the mole-
Cricket, and fine examples oceurring in the Clinton forma-
tion of Canada are probably the work of Crustacea. It is
Probable, however, that some of the later forms referred
b these genera are really Algm related to Cuaulerpa, or
Even hranches of Conifers of the genus Brachyphylivm.

Nereites and Planulites are tracks and burrows of
Worms, with or without marks of setw, and some of the

——

Fig. T.— Rﬂsnpkg{czw ( Fusichnites) Grenvellen-

burrow of the Siluro-Cam-

* The name Bilobites was originally proposed by De Eay for a bivalve
shell (Conocardium). Tts application to supposed Algm was an error,

but this is of the less consequence, as these are not true plants but only
animul frajls,
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markings referred to Palwochorda, Palwophycus, and
Seolithus have their places here. Many examples highly
illustrative of the manner of formation of the impressions
are alforded by Canadian rocks (Fig. 8).

Branching forms referred to Licrophyeus of Billings,
and some of those referred to Buthotrephis, Hall, as well
ag radiating markings
referable to Scotolitlius,
Gyrophyllites, and As-
teraphycus, are ex-
plained by the branch-
ing burrows of worms
ilinstrated by Nathorst
and the author. As-
tropolithon, a singular
radiating marking of
the Canadian Cambui-
an,* seems to be gome-
thing organic, but of
what nature is uneer-
tain (Fig. 9).

. > Rhabdichnites and
Fro. 8.—Palwophyeus Beverlyensiy (Bill- Eophyton belong to im-
e oa e watl, " pressions explicable by
the trails of driffing

sea-weeds, the tail-markings of Crustacea, and the ruts
ploughed by bivalve mollusks, and occurring in the Silu-
rian, Erian, and Carboniferons rocks.t Among these are
the gingular bilobate forms described as Rusophycus by
Hall, and which are probably burrows or resting-places
of erustaceans. The tracks of such animalg, when walk-
ing, are the jointed impressions known as Arthrophyeus
and Crusiana. 1 have shown by the mode of occurrence

gt

* Gupplement to * Acadian Geology.”
1 “ Cenadian Naturalist,” 1864.
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of these, and Nathorst has confirmed this conelusion by
elaborate experiments on living animals, that these forms
are really trails impressed on goft
sediments by animals and mostly
by erustaceans.

I agree with Dr. Williamson *
in believing that all or nearly all
the forms referred to Crossochorda
of Schimper are really animal im-
Pressions allied to Nereites, and due
either to worms or, as Nathorst has
shown to be possible, to small crus-
taceans. Many impressions of this
kind occur in the Silurian beds of
the Clinton series in Canada and
New York, and are undoubtedly
mere markings.

It ig worthy of nofe that these
markings strikingly resemble the so-
called Zophyton, deseribed by Torell
from the Primordial of Sweden, and
by Billings from that of Newfound-
Iand ; and which also oceur abun- i
dantly in the Primordial of New FI‘?EJ.D;:711-‘¢"0P“”#,7‘M

. & VRV, U 0TgANISIM
Brunswick. After examining ase-  of the Lower Camn-
Ties of these markings from Sweden gf,:;’fb‘f{ E;gé‘tfbﬁ?‘“’
shown to me by Mr. Carruthers in
London, and also specimens from Newfoundland and
a large number % situ at St. John, T am convinced
that they cannot be plants, but must be markings of
the nature of Rhabdichnites. This conclusion is based
on the absence of carbonaceous matter, the intimate
union of the markings with the surface of the stome,

# “Traclks from Yoredale Rocks,” “ Manchester Literary and Philo-

Sophigal SBociety,” 1885,
.
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their indefinite forms, their want of nodes or append-
ages, and their markings being always of guch a na-
ture as could be produced by scratches of a gharp
instrament. Since, however, fishes are yet unknown in
beds of this age, they may possibly be referred to the
feet or spinons tails of swimming crustaceans. Balter
has already suggested this origin for some seralches of
somewhat different form found in the Primordial of
Great Britain. He supposed them to have been the
work of species of Hymenocaris. These marks may,
however, indicate the existence of some free-swim-
ming animals of the Primordial seas as yet unknown
to us.

Three other suggestions merit consideration in this
connection. One is that Algm and also land-plants, drift-
ing with tides or currents, often make the most remarl-
able and fantastic trails, A marking of this kind has
been observed by Dr. G. M. Dawson to be produced by
o drifted Laminaria, and in complexity it resembled the
extraordinary Fnigmichnus multiformis of Hiteheoek
from the Conmecticut sandstones. Much more simple
markings of this kind would euffice to give species of
Hophyton. Another is furnished by a fach stated to the
author by Prof. Morse, namely, that Lingule, when dis-
lodged from their burrows, trail themsgelves over the
bottom like worms, by means of their cirri. Colonies of
these creatures, so abundant in the Primordial, may,
when obliged to remove, have covered the surfaces of
bede of mud with vermicular markings. The third is
that the Rhabdichnite-markings resemble some of the
grooves in Silurian rocks which have been referred to
trails of Gasteropods, as, for instance, those from the
Clinton group, deseribed by Hall.

Another kind of markings not even organic, but alto-
gether depending on physical causes, are the beautiful
branching rill-parks produced by the oozing of water
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out of mud and sand-banks left by the tide, and which
sometimos cover great surfaces with the most claborate
tracery, on the modern tidal shores as well as in some of
the most ancient rocks, Dendrophycus* of Lesquereux
seems to be an example of rill-mark, as well as Aristophy-
cus, Clephyeus, and Zygophyeus, of Miller and Dyer,
from the Lower Silurian.

Rill-marks occur in very old rocks,t but are perhaps
Most beautifully preserved in the Carboniferous shales
and argillaceous gundstones, and
€ven more elaborately ou the mod-
“In mud-banks of the Bay of
Fundy.t Some of these simulate
ferns and fronds of Laminaris,
and others resemble rools, fueoids
allied to Buthotrepkis, or the ra-
diating worm-burrows already re-
ferred to (Fig. 10).

Shrinfage-cracks ave also abun-
dant in some of the Carboniferous
beds, and are sometimes accom-
Danied with impressions of rain-
drops,  When finely reticulated
they might be mistaken for the
Venation of leaves, and, when
:Omplicated with little rill-marks
ributary to their sides, they pre- ¥ I T R
Cisely ré’;emhle the Dietyolites of Fn:uﬁfk_(ﬁr‘?: I:E‘:::?t?:)t];l:
Halfll from the Medina sandstone S mg‘“‘“’m piee
(Fig. 11).

An entirely different kind of shrinkage-crack is that
Which ocenrs in certain carbonised and flattened plants,

* “Coal Flora of Pennsylvanin,” vol. iii,, Plate 88,
1 “Journal of the Geological Bociety,” vol, xii, p. 251.

} ““Acadian Geology,” 2d ed., p. 26. .
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and which sometimes communicates to them a marvellous
resemblance to the netted under surface of an exogenous
leaf. Tlattened stems of plants and layers of cortical
matter, when carbonised, shrink in such a manner as to
produce minute reticulated cracks. These become filled
with mineral matter before the coaly substance has been
completely consolidated. A further compression ocenrs,
causing the coaly substance to collapse, leaving the little
veing of harder mineral matter projecting. These im-
press their form upon the clay or shale above and below,
and thus when the mass is broken open we have a car-
bonaceous film or thin layer covered with a network of
raised lines, and
corresponding mi-
nute  depressed
lineg on the ghale
in contact with it.
The reticulations
are genevally ir-
regular, but some-
times they very
closely  resemble
the veins of a re-
ticulately veined
leaf. Ome of the
§ mosteuriousspeci-
e > ___| mens in my pos-
“Fra. 11.—Cast of shrinkage-cracks (Carbon- gession was collect-
K8 P R Pt Mr. Elder
in the Lower Car-
boniferous of Horton Bluff. The little veins which form
the projecting network are in this case white caleite; bub
at the surface their projecting edges are blackened with
a carbonaceous film.
Stickensided bodies, resembling the fossil fruits de-
seribed by Geinitz as Gulielmites, and the objects believed
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by Fleming and Carruthers* to bo casts of cavities filled
with fluid, abound in the shales of the Carboniferous and
Devonian, They are, no doubt, in most cases the results
of the pressure and consolidation of the clay around small
solid bodies, whether organic, fragmentary, or conere-
tionary. They are, in short, local slickensides precisely
similar to those found so plentifully in the coal under-
clays, and which, ag [ have elsewhere t ghown, resulted
from the interny] giving way and glipping of the mass as
the roots of Stigmaria decayed within it. Most collectors
of fossil plants in the older formations must, I presnme,
be familiar with appearances of thig kind in eonnection
with small stems, petioles, fragments of wood, and car-
Polites. T have in my collection petioles of ferns and
fruits of the genus Trigonocarpum partially slickensided
in this way, and which if wholly covered by this kind of
marking could scarcely have been recognised. I have
figured hodies of this kind in my report on the Deyvonian
and Upper Silurian plants of Canada, believing them,
OWing to their carbonaceous covering, to be probably
slickensided fruits, though of uneertain nature. In every
Case I think these bodies must have had a golid nucleus of
S0me sort, as the severe pressure implied in slickensiding
18 quite incompatible with a mere *fluid-cavity,” even
8upposing this to have existed.

. Prof. Marsh hag well explained another phase of the
nfluence of hard bodies in produeing partial glickensides,
n his paper on Stylolites, read before the American As-
fociation in 1867, and the application of the combined
forces of coucretionary action and slickensiding to the
Produetion of the cone-in-cone conerctions, which oceur
' the coal-formation and as low as the Primordial. I

ave ficured g very perfect and beautiful form of this
T e

*  Tournal of the Geologieal Society,” June, 1871,
t 2bid., vol, x., p. 14.
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kind from the coal-formation of Nova Scotia, which is
described in * Acadian Geology” * (Fig. 12).

I have referred to these facts here because they are
relatively more important in that older period, which may
be named the age of Algm, and because their settlement
now will enable us to dispense with discussions of this
kind further on. The able memoirs of Nathorst and
Williameon should be studied by those who desire further
information.

But it may be asked, “ Are there no real examples of
fossil Algm ?” I believe there are many such, but the diffi-
culby is to distingnish
them. Confining our-
gelves to the older
rocks, the following
may be noted :

The genus Bu-
thotrephis of Hall,
which ig characterised
as having stems, sub-
Al i 4P cylindric or com-

e . pressed, with numer-
Fis. 12.—Cone-in-cone concretion (Carbon-  oug branches, which
ifarons, Nova Seotia), illustrating pre- i P
tended Algem. are divaricating and
gometimes leaf - like,
contains gome true Algme. Hall’s B. gracilis, from the
Siluro-Cambrian, is one of these. Similar plants, referred
to the same species, oceur in the, Clinton and Niagara
formations, and & beautiful species, collected by Col.
Grant, of Hamilton, and now in the McGill College col-
lection, represents a broader and more frondose type of
distinetly carbonaceous character. It may be described
as follows :
Butholrephis Grantii, S. N. (Fig. 13).—Stems and

# Appendix, p. 676, edition of 1878.
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fronds smooth and slightly striate Iong_itudin_al]y, vy‘it-ll
curved and interrupted strie. Stem thlcl_c, bifurcating,
the divisions terminating in irregularly pinnate fronds,

pparently truncate at the extremities. The quan-
tity of carbona-

Ceous matter pres-
entwould indicate
thicls, though per-
haps flattened,
slems and dense
fleshy fronds,
The  species
Buthotrephis sup-
nodosa and B.
Hezuosa,  from
the Uticg ghale,
are also certain-
1y plants, though
it i possible, if
their  structures
and  fruit  were
known, some of
these might be
referred to differ-
ent genera. All
of these plants
ave either car-
bonaceous matter
Or produce organ-
Ic staing on the

S Fie. 18.—Buthotrephis Grantit, o genuine Alga
The Organism from the Silurian, Canada.

With  diverging

wedge-shaped fronds, described by Hall as Sp kma{kaﬂfgz
@ngustifolius, is also a plant., Fine spec1mens,h1“ 7
collection of the Gieological Rt ey R

Lo
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tinet evidence of the organic character of the wedge-
shaped fronds. It is from the Utica shale, and elsewhere
in the Siluro-Cambrian. It is just possible, as suggested
by Hall, that this plant may be of higher rank than the
Algee.

The genus Pal@ophycus of Hall includes a great va-
riety of uncertain objects, of which only a few are prob-
ably true Alge. 1 have specimens of fragments similar
to his P. wirgatus, which show distinct carbonaceous
films, and others from the Quebec group, which seem to
be eylindrical tubes now flattened, and which have eon-
tained spindle-shaped sporangia of large size. Tortuons
and enrved flattened stems, or fronds, from the Upper
Silurian limestone of Graspé, also show organic matter.

Respecting the forms referred to Licrophycus by
Billings, contuining stems or semi-cylindrical markings
springing from a common base, I have been in great
doubt. I have not seen any specimens containing une-
quivocal organic matter, and am inelined to think that
most of them, if not the whole, are casts of worm-bur-
rows, with trails radiating from them.

Thongh I have confined myself in this notice to plants,
or supposed plants, of the Lower Palzozoic, it may be
well to mention the remarkable Cauda-Galli fucoids, re-
forred by Hall to the genus Spirophyton, and which are
characteristic of the oldest Erian beds. The specimens
which I have seen from New York, from Gaspé, and
from Brazil, leave no doubt in my mind that these were
really marine plants, and that the form of a spiral frond,
assigned to them by Hall, is perfectly correct. They
must have been very abundant and very graceful plants
of the early Brian, immediately after the close of the
Silurian period.

We come now to notice certain organigms referred to
Alge, and which are either of animal origin, or are of
higher grade than the sea-weeds. We have already dis-
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cussed the questions relating to Profotazites. Drepanc-
phycus, of Goeppert,® I suspect, is only a badly preserved
branch or stem of the Erian land-plant known as Arikro-
stigma. In like manner, Haliserites Dechenianus,t of
Goeppert, is evidently the land-plant known as Psilophy-
ton. Spherococeites dentatus and S, serra—the Fucoides
denfatus and serra of Brongniart, from Quebec—are
graptolites of two species quite common there.f Die-
tyophyton and Uphantenia, as described by Hall and the
author, are now known to be sponges. They have be-
come Dictyospongie. 'The curious and very ancient fos-
sils referred by Forbes to the genus Oldhamia are perhaps
still subject to doubt, but are usually regarded as Zo-
ophytes, thongh it is quite possible they may be plants.
Though I have not seen the specimens, I have no doubt
whatever that the plants, or the greater part of them,
from the Silurian of Bohemia, deseribed by Stur as Algs
and Characes,” are really land-plants, some of them of
the genus Psilophylon. 1 may say in this connection
that specimens of flattened Psilophyton and Arthrostiy-
ma, in the Upper Silurian and Erian of Gaspé, would
Probably have been referred to Alge, but for the fact that
In some of them the axis of barred vessels is preserved.

Tt is not surprising that great difficulties have oceurred
in the determination of fossil Algm. FEnongh, however,
Temains certain to prove that the old Cambrian and Silu-
Tian seas were tenanted with sea-weeds not very dissimilar
from those of the present time. It is further probable
that some of the graphitic, carbonaceous, and bituminons

* ¢ Possile Flora,” 1852, p. 92, Table xli.

t Z6id,, p. 88, Table ii.

1 Brongninrt, ¥ Vegeteaux Fossiles,” Plate vi., Figs. 7 to 12.

# % Proceedings of the Vienna Academy.” 1881, Hostinella, of this
anthor, is almost certainly Psilophyton, and his Berrandiane seems to in-
lude Arhrostigma, and pevhaps leafy branches of Beraynia. These
Curious plants should be re-examined.
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shales and limestones of the Silurian owe their carbona-
ceous matters to the decomposition of Algee, though pos-
sibly some of it may have been derived from Graptolites
aud other corncous Zoophytes. In any case, such micro-

=F

¥

4
W
3
;

Fia. 14.—Silurian vegetation restored. Profansularia, Berwynia, Nema-
tophyton, Sphenophyllum, Arthrostigma, FPsilopliton.

scopic examinations of these shales as I have made, have
not produced any cvidence of the existence of plants of
higher grade, while those of the Erian and Carboniferous
periods, similar to the naked eye, abound in such evi-
dence. It is also to be observed that, on the surfaces of



LAURENTIAN AND EARLY PALEOZOIC, 41

beds of sandstone in the Upper Cambrian, ecarbonaceons
diébris, which seems to be the remains of either aquatic
or land plants, is loeally not infrequent.

Referring to the land vegetation of the older rocks, it
is difficnlt to picture its nature and appearance. We
may imagine the shallow waters filled with aquatic or am-
phibious Rhizoearpean plants, vast meadows or brakes of
the delicate Psilophyton and the starry Profannularis
and some tall trees, perhaps looking like gigantic club-
mosses, or possibly with broad, flabby leaves, mostly cellu-
lar in texture, and resembling Algewm transferred to the air.
Imugination can, however, scarcely realise this strange
and grotesque vegetation, which, though possibly copious
and luxuriant, must have been simple and monotonous in
aspect, and, though it must have produced spores and
seeds and even fruits, these were probably all of the types
seen in the modern acrogens and gymnosperms.

“In garments green, indistinct in the twilight,
They stand like Druids of old, with voices sad and prophetic.”

Prophetic they truly were, as we shall find, of the
more varied forests of succeeding times, and they may
also help us to realise the aspect of that still older vege-
tation, which is fossilised in the Laurentian graphite;
though it is not impossible that this last may have been of
higher and more varied types, and that the Cambrian and
Silurian may have been times of depression in the vegeta-
ble world, as they certainly were in the submergence of
much of the land.

These primeval woods served at least to clothe the
nakedness of the new-born land, and they may have shel-
tered and nourished forms of land-life still unknown to
us, as we find as yeb only a few insects and scorpions in
the Silurian, They possibly also served to abstract from
the atmogphere some portion of its superabundant car-
bonic acid harmful to animal life, and they stored up
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supplies of graphite, of petrolenm, and of illuminating
gas, useful to man at the present day. We may write
of them and draw their forms with the carbon which
they themselves supplied.

NOTE TO CHAPTER IIL

Examivation oF Provoraxives (Nemafophyton), 3y Prov, PexN-
maLLow, oF MeGILL UNIVERSITY,

Prof. Penhallow, having kindly consented to re-examine my
specimens, has furnished me with elaborate notes of his facts and
conclusions, of which the following is a summary, but which it is
hoped will be published in full :

«1, Concentric Layers—The inner face of each of these is com-
posed of relatively large tuhes, having diameters from 136 to 34:6
micro-millimetres, The outer face has tubes ranging from 138 to
93:6 mm. Theaverage diameter in the lower surface approaches to 34,
that in the onter to 13:8. There is, however, no abrupb termination
to the surface of the layers, though in some specimens they separate
easily, with shining surlaces.

«2, Minute Struclure—In longitudinal sections the prineipal
part of the strueture consists of longitudinal tubes of indeterminate
length, and round in eross-section.  They are approximately parallel,
but in some cases may be seen to bend sinuously, and are not in
direct contact, Finer myeeloid tubes, 583 mm. in diameter, trav-
erse the structure in all directions, and are believed to branch off
from the larger tubes, In asmall specimen supposed to be a branch
or small stem, and in which the vertical tubes are somewhat distant
from one another, this horizontal system is very largely developed ;
but is less manifest in the older stéems. The tubes themselves show
no structure. The ray-like openings in the substance of the fissue
are evidently original parts of the structure, hut not of the nature of
medullary rays. They are radiating spaces running outward in an
interrupted manner or so tortuously that they appear to be infer-
rupted in their eourse from the centrs towards the surface. They

* ghow tubes turning into them, branching into them, and approxi-
mately horizontal, but tortuous. On the external surface of some
specimens these radial spaces are represented by minule pits irregu-
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farly or spirally arranged. The transverse swellings of the stem
show no difference of structure, except that the tubes or cells may he
a little more tortuous, and a transverse film of eoaly matter extends
from the ouler coaly envelope inwardly. This may perhaps be
caused by some accident of preservation, The outer eoaly layer
shows tubes similar to those of thestem* The horizontal or oblique
flexures of the large tubes seem to be mainly in the vicinity of the
redial openings, and it is in entering these thal they have been seen
to branch.”

The conelusions arrived at by Prof. Penhallow are as follows :

#1. The plant was not truly exogenous, and the appearance of
rings is independent of the causes which determine the layers of
growth in exogenous plants.

“2. The plant was possessed of no true bark. Whatever cortical
layer was present was in all probability a modification of the general
structure.t

“8. An inlimate relation exists between the large tubular eells
and the myceloid filaments, the latter being a system of small
branches from the former; the branching being determined chiefly in
eertain special openings which simulate medullary rays,

4. The specimens examined exhibit no evidence of special de-
cay, and the structure throughont is of o normal character.

#5. The primary structure consists of large tubular cells without
apparent terminations, and devoid of structural markings, with
which is associated a secondary structure of myeceloid filaments aris-
ing from the former,

#6. The structure of Nematophylon as a whole iz unique; at least
there is no plant of modern type with which it is comparable.
Nevertheless, the loose character of the entire stricture: the inter-
minable cells; their inferlacing; and, finally, their branching into a
socondary series of smaller filaments, point with eonsiderable foree to
the true relationship of the stem as being with Alge or other Thallo-
phytes rather than with Gymnosperms, A more recent examination

# 1t i3 possible that these tubes may be merely part of the stem at-
tached to the bark, which seems to me to indicate the same dense cellalar
Structure seen in the bark of Lepidodendra, cte,

t On these points I would reserve the considerations: 1. That there
must have been some relation between the mode of growth of these great
stems and their coneentric rings: and, 2. That the evidence of a bark is
A5 strong as in the case of any Palmozoic tree in which the barlk is, as
usual, earbonized,
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of u laminated resinous substance found associated with the plant
shows that it is wholly amorphous, and, as indieated by distinet lines
of flow, that it must have been in a plastic state at a Lovmer period.
The only evidence of structure was found in eertain well-defined
mycelin, which may have been derived from associated vegetable
matter upon which they were growing, and over which the plastic
matrix flowed.”

1 have only o add to this description that when we con sider that
Nematophylon Logans was a large tree, sometimes attaining a diam-
eter of more than two feet, and a stature of at least twenty before
pranching ; that it had great roots, and gave off large branches; fhat
it was an agrial plant, probably flourishing in the same swampy flats
with Psilophylon, Avilraostigma, and Leplophiewm ; that the peeuliar
bodiss known as Paehylheca were not unlikely its fruit—we have
evidence that thers were, in the early Palweozoie period, plants
scarcely dreamt of by modern botany. Ouly when the appendages
of these plants are more fully kmown can we hope to understancd
them, In the mean time, [ may state thet there were probably differ-
ent species of these trees, indicated more particularly by the stems T
have described as Nematozylon and Celivlozylon®  There were, L
think, some indications that the plants described by Carruthers as
Berwynia, may also be found to have been generieally the same.
The resinous matter mentioned by Prof. Penhallow is found in great
abundance in the heds containing Nematophyfon, and must, 1 think,
have been an exudation from its bark,

# ¢ Journal Geol. Sceiety of London,” 1863, 1881



CHAPTER IIL

THE ERIAN OR DEVONIAN FORESTS—ORIGIN O PETRO-
LEUM—THE AGE OF ACROGENS AND GYMNOSPERMS.

Ix the last chapter we were occupied with the com-
paratively few and obscure remains of plants entombed
in the oldest geological formations. We now ascend to a
higher plane, that of the Erian or Devonian period, in
which, for the first time, we find varied and widely dis-
tributed forests.

The growth of knowledge with respect to this flora
has been somewhat rapid, and it may be interesting to
note its principal stages, a8 an encouragement to the hope
that we may yet learn something more satisfactory re-
specting the older floras we have just discussed.

In Goeppert’s memoir on the flora of the Silurian,
Devonian, and Lower Cuarboniferous rocks, published in
1860,* he enumerates twenty species as Silurian, but these
are all admitted to be Alge, and several of them are re-
mains which may be fairly claimed by the zodlogists as
zotphytes, or trails of worms and mollusks. In the Lower
Devonian he knows but six species, five of which are
Algae, and the remaining one a Sigillaria, but this is of
very doubtful nature. In the Middle Devonian he gives
but one species, a land-plant of the genus Lepidodendron.
In the Upper Devonian the number riges to fifty-seven,
of which all but seven are terrestrial plants, representing

* Jena, 1860,



46 THE GEOLOGICAL HISTORY OF PLANTE.

a large number of the genera occurring in the guceeeding
Oarboniferons system.

Goeppert does mnot include in his enumeration the
plants from the Devonian of Gaspé, described by the
author in 1859,* having seen only an abstract of the
paper at the time of writing his memoir, nor does he
appear to have any knowledge of the plants of this age
described by Lesquereux in Rogers's ¢ Pennsylvania.”
These might have added ten or twelve species to his list,
some of them probably from the Lower Devonian. It is
further to be observed that a few additional species had
also been recognised by Peach in the Old Red Sandstone
of Scotland.

But from 1860 to the present time a rich harvest of
specimens has been gathered {rom the Gaspé sandstones,
from the shales of southern New Brumswick, from the
sandstones of Perry in Maine, and from the wide-spread
Erian arcas of New York, Pennsylvania, and Ohio.
Nearly all these specimens have passed throngh my
hands, and I am now able to catalogue about a hun-
dred species, representing more than thirty genera, and
including all the great types of vascular Oryptogams, the
Gymnosperms, and even one (still doubtful) Angiosperm,
Many new forms have also been described from the De-
vonian of Scotland and of the Continent of Hurope.

Before deseribing these plants in detail, we may refer
to North America for illustration of the physical condi-
tions of the time. In a physical point of view the north-
ern hemisphere presented a great change in the Erian
period. There were vast foldings of the erust of the
carth, and great emissions of voleanic rock on both sides
of the Atlantic. In North America, while at one time
the whole interior area of the continent, as far north as

# <« Journal of the Geological Society of London,” also “Cunadian
Naturalist.”
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the Gireat Lakes, was oceupied by a vast inland sea, studded
with coral islands, the long Appalachian ridge had begun
to assume, along with the old Laurentian land, something
of the form of our present continent, and on the margins
of this Appalachian belt there were wide, swampy flats and
shallow-water aveas, which, under the mild climate that
seems to have characterised this period, were admirably
suited to nourish a luxuriant vegetation. Under this
mild climate, also, it would geemn that new forms of plants
wers first introduced in the far north, where the long
continuance of summer sunlight, along with great warmth,
seems to have aided in their introduction and early ex-
tension, and thence made their way to the southward, a
Process which, as Gray and others have shown, has also
ocenrred in later geological times.

The America of this Erian age consisted during the
greater part of the period of a more or less extengive belt
of land in the north with two long tongues descending
from it, one along the Appalachian line in the east, the
other in the region west of the Rocky Mountains. On
the seaward sides of these there were low lands covered
with vegetation, while on the inland side the great in-
terior sea, with its verdant and wooded islands, realised,
though probably with shallower water, the conditions of
the modern archipelagoes of the Pacific.

FHurope presented conditions gomewhat similar, having
in the earlier and middle portions of the period great sea
areas with insular patehes of land, and later wide tracts
of shallow and in part enclosed water areas, swarming
With fishes, and having an abundant vegetation on their
shores. These were the conditions of the Eifel and
Devonshire limestones, and of the 01d Red Sandstone of
Scotland, and the Kiltorcan beds of Ireland. In Europe
alto, us in America, there were in the Erian age great
ejections of igneous rock., On both sides of the Atlantic
there were gomewhat varied and changing conditions of
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land and water, and a mild and equable climate, permit-
ting the existence of a rich vegetation in high northern
latitudes. Of this latter fact a remarkable example is
afforded by the beds holding plants of this age in Spilz-
bergen and Bear Island, in its vicinity. Here there seem
to be two series of plant-bearing strata, one with the
vegetation of the Upper Erian, the other with that of
the Lower Carboniferous, though both have been united
by Heer under his so-called “ Ursa Stage,” in which he
has grouped the characteristic plants of two digtinet
periods. This has recently been fully established by the
rescarches of Nathorst, though the author had already
suggested it as the probable explanation of the strange
union of gpecies in the Ursa group of IMeer.

In studying the vegetation of this remarkable period,
we must take merely some of the more important forms
as examples, since it would be impossible to notice all
the species, and some of them may be better treated in
the Carboniferous, where they have their headguarters,
(Fig. 15.)

I may first refer to a family which seems to have cul-
minated in the Erian age, and ever since to have occupied
a less important place. 1t is that of the curious afuatic
plants known as Rhizocarps,* and referred to in the last
chapter.

My attention was first directed fo these organisms by
the late Sir W, E. Logan in 1869, Ie had obtained from
the Upper Erian shale of Kettle Point, Lake Huron,
gpecimens filled with minute eireular discs, to which he
referred, in his report of 1863, as ¢ microgcopic orbicular
bodies.” Recognising them to be macrospores, or spore-
cases, 1 introduced them into the report on the Erian

# Or, a3 thay have recently heen named by some botanists, “ Hete-
rogporous Filices,” though they are ecrtainly not ferns in any ordinary
sense of that term,
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flora, which I was then preparing, and which was pub-

lished in 1871, under the name Sporangites Huronensis.
In 1871, having occasion to write a communication to

the ¢ American Journal of Science” on the question then

Fra. 15.—Vegetation of the Devonian period, restored.  Culamites, £silo-
liyton, Leptaphleum, Lepidodendron, Cordaites, Sigitleria, Dadoxy-
ny Asteraplyyliites, Llatyphyliem,

raised as to the share of spores and spore-cases in the ac-

Cumnlation of coal, a question to be discussed in a sub-
L
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sequent chapter, these curious little bodies were again
reviewed, and were deseribed in substance as follows :

“The oldest bed of spore-cases known to me is that
at Kettle Point, Lake Huron. It iz a bed of brown
bituminouns shale, burning with much flame, and under
a lens ig seen to be studded with flattened dise-like bodies,
scarcoly more than a hundredth of an inch in diameter,
which under the mieroscope are found to be spore-cases
(or macrospores) elightly papillate externally (or more
pxoperly marked with dark pores), and sometimes show-
ing a point of attachment on one side and a slit more or
less elongated and gaping on the other. When slices of
the rock are made, its substance is seen to be filled with
these bodies, which, viewed as transparent objects, appear
yellow like amber, and show little structure, exeept that
the walls can be distinguished from the internal cavity,
which may sometimes be seen to enclose patches of granu-
lar matter. In the shale containing them are also vast
numbers of rounded, translucent granules, which may be
escaped spores (microspores).” The bed containing these
spores at Kottle Point was stated, in the reports of the
¢ (jeologieal Survey of Canada,” to be twelve or fourteen
feet in thickness, and bosides these specimens it contained
fossil plants referable to the species Calamites inornatus
and Lepidodendron primevum, and I not unnaturally
supposed that the Sporangites might be the fruit of the
latter plant. I also noticed their resemblance to the
spore-cases of L. corrugatum of the Lower Carboniferous
(a Lepidodendron allied to L. primevum), and to those
from Brazil described by Carruthers under the name
Flemingites, as well as to those described by Huxley
from certain English coals, and to those of the Tasmanite
or white coal of Australia. The bed at Kettle Point is
shown to he marine by its holding the sea-weed known

as Spirophyton, and shells of Lingula.

The subject did not again come under my notice till
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1882, when Prof. Orton, of Columbus, Ohio, sent me
some specimens from the Hrian shales of that State,
which on ecomparison seemed undistingmishable from
Sporangites Huronensis.* Prof. Orton read an interest-
ing paper on these bodies, at the meeting of the American
Asgociation in Montreal, in which were some new and
striking facts. One of these was the oceurrence of such
bodies throughout the black ghales of Ohio, extending
““from the Huron River, on the shore of Lake Erie, to
the mouth of the Secioto, in the Ohio Valley, with an
extent varying from ten fo twenty miles in breadth,” and
estimated to be three hundred and fifty feet in thickness.
I have since been informed by my friend Mr. Thomas, of
Chicago, that its thickness, in some places at least, mugt
be three times that amount. About the same time, Prof.
Williams, of Cornell, and Prof. Olarke, of Nerthampton,
announced similar discoveries in the State of New York,
so that it would appear that beds of vast area and of great
thickness are replete with these little vegetable dises, usu-
ally converted into a highly bituminous, amber-like sub-
stance, giving a more or less inflammable character to the
containing rock.

Another faet insisted on by Prof. Orton was the ab-
sence of Lepidodendroid cones, and the oceurrence of
filamentous vegetable matter, to which the Sporangites
seemed to be in some cases attached in groups. Prof.
Orton also noticed the absence of the trigonal form, which
belongs to the spores of many Lepidodendra, though this
18 not a constant character. In the discussion on Prof.
Orton’s paper, I admitted that the facts detailed by him
shook my previous belief of the lycopodiaceous character

* These shales have heen described, as to their chemical and geological
relations, by Dr. T. Sterry Hunt, © Ameriean Journal of Science,” 1863,
and by Dr, Newherry, in the “ Reports of the Geological Survey of Ohio,”
vol. i, 1868, and vol. ii., 1878,
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of these bodies, and induced me to suspect, with Prof,
Orton, that they might have belonged to some group of
aquatic plants lower than the Lycopods.

Since the publication of my paper on Rhizocarps in
the Palmozoic period above referred to, I have received
two papers from Mr. Edward Wethered, T. G. 8., in one
of which he describes spores of plants found in the lower
limestone shales of the Forest of Dean, and in the olher
diseusses more generally the structure and origin of Car-
honiferous coal-beds.* In both papers he refers to the
oceurrence in these coals and shales of organisms essen-
tially similar to the Erian spores.

In the “Bulletin of the Chicago Academy of Science,”
January, 1884, Dr. Johnson and Mr. Thomas, in their
paper on the “ Microscopie Organisms of the Boulder Clay
of Chicago and Vicinity,” notice Sporangites Huronensis
as among these organisms, and have discovered them also
in large numbers in the precipitate from Chiecago city
water-supply. They refer them to the decompogition of
the BErian shales, of which boulders filled with these or-
ganisms are of frequent oceurrence in the Chicago clays.
The Sporangites and their accompaniments in the boulder
clay are noticed in a paper by Dr. G. M. Dawson, in the
¢ Bulletin of the Chicago Academy,” June, 1885.

Prof. Olarke has also deseribed, in the ©American
Journal of Science” for April, 1885, the forms already
alluded to, and which he finds to consist of macrospores
enclosed in sporocarps. He compares these with my
Sporangites Huronensis and Protosalvinia bilobata, but
I think it is likely that one of them at least is a distinet
gpecies.

T may add that in the ““Geological Magazine” for
1875, Mr. Newton, F. G. 8., of the Geological Survey of

# U (otteswold Naturalists’ Field Club,” 1884; “‘Journal of the
Royal Microscopical Society,” 1885,
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England, published a description of the Tasmanite and
Anstralian white eoal, in which he shows that the or-
ganisms in these deposits ave gimilar to my Sporangites
Huronensis, and to the maerogpores previonsly deseribed
by Prof. Huxley, from the Better-bed coal. Mr. Newton
does not seem Lo have been aware of my previous deserip-
tion of Sporangifes, and proposes the name Zusmawites
punctatus for the Australian form.

Here we have the remarkable fact that the waste '
maecrospores, or larger spores of a species of Cryptoga-
mous plant, occur digpersed in countless millions of tons
through the shales of the Erian in Canada and the United
States.

No certain clue seemed to be afforded by all these
observations as to the precise affinities of these widely
distributed bodies; but this was furnished shortly after
from an unexpected guarter. In Marech, 1883, Mr. Or-
ville Derby, of the Geological Survey of Brazil, sent me
specimens found in the Brian of that country, which
seemed to throw a new light on the whole subject. These
1 deseribed and pointed out their connection with Sporan-
gites at the meeting of the American Association at Min-
neapolis, in 1883, and subsequently published my notes
respecting them in its proceedings, and in the ““Canadiun
Record of Science.”

Mr. Derby’s specimens contained the eurious spiral
sea~weed known as Spirophyton, and algo minute rounded
Sporangites like thoge obtained in the Erian of Ohio, and
of which specimens had been sent fo me some years be-
fore by the late Prof. Hartt. But they differed in show-
ing the remarkable fact that these rounded bodies are
enclosed in considerable numbers in spherieal and oval
sacs, the walls of which are composed of a tissue of
PGXﬂgonal cells, and which resemble in every respect the
mvolueres or spore-sacs of the little group of modern
acrogens known as Rhizocarps, and living in shallow
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water. More especially they resemble the gporocarps of
the genus Salvimim. This fact opened up an entirely
new fleld of investigation, and I at once proceeded to
compare the specimens with the fructification of modern
Rhizocarps, and found that substantially these multitu-
dinous spores embedded in the Erie shales may be re-
garded as perfectly analogous to the larger spores of the
modern Salvinia natans of Europe, as may be seen by
the representation of them in Fig. 16.
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¥1a. 16.—Sporangites (LProtosaliinin). A, Sporangites Braziliensis, natural
gize. ax, Same;, magnifled. B, Sp. hiloha, natural size. o, Detached
macrospores. b, Spore-cuses of Salviniz natans. Dx, Same, magnified.
&, Shale with sporangites, vertical section, highly magnified.

The typical macrospores from the Erian shales are
perfectly circular in outline, and in the flattened state ap-
pear as dises with rounded edges, their ordinary diameter
being from one seventy-fifth to one one hundredth of an
inch, though they vary considerably in size. This, how-
over, I do not regard as an essential character. The
edges, as seen in profile, are smooth, but the flat surface
often presents minute dark spots, which at first T mis-
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took for papille, but now agree with Mr. Thomas in rec-
ognising them as minute pores traversing the wall of the
dise, and similar to those which Mr. Newton has described
in Masmanite, and which Mr. Wethered has also recog-
nised in the similar spores of the Forest of Dean shales.
The walls also sometimes show faint indications of con-
centric lamination, as if they had been thickened by suc-
cessive deposits.

As seen by transmitted light, and either in front or in
profile, the dises are of a rich amber colour, translucent
and structureless, except the pores above referred to.
The wallg are somewhat thick, or from one-tenth to one-
twontieth the diameter of the dise in thickness. They
never exhibit the triradiate marking seen in spores of Ly-
copods, nor any definite point of attachment, though
they sometimes show a minute elongated spot which may
be of this nature, and they are oceasionally seen to have
opened by slits on the edge or front, where there would
geem to have been a matural line of dehiscenee. The in-
terior is usually quite vacant or struetureless, but in some
cases there ave curved internal markings which may indi-
cate a shronken lining membrane, or the remains of a
prothallus or embryo. Occasionally a fine granular sub-
stance appears in the interior, possibly remains of mi-
Crospores,

The dises are usually detached and destitute of any
envelope, but fragments of flocculent cellular matter are
asgociated with them, and in one specimen from the cor-
niferous limestone of Ohio, in Mr. Thomas’s collection, 1
have found a group of eight or more discs partly enclosed
in a cellular sac-like membrane of similar character to
that enclosing the Brazilian epecimens already referred to.

The characters of all the specimens are essentially
similar, and there is a remarkable absence of other organ-
isms in the shale. In one instance only, I have observed
a somewhat smaller round body with a dark centre or
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nneleus, and a wide translncent margin, marked by a
glight granulation. Even this, however, may indicate
nothing more than a different state of preservation.

It is proper to obgerve here that the wall or enclosing
gac of these macrosgpores must have been of very dense
consisteney, and now appears as a highly bituminous sub-
stance, in this agreeing with that of the spores of Lyeco-
pods, and, like them, having been when regent of a highly
carbonaceous and hydrogenous quality, very ecombustible
and readily admitting of change into bituminous matter.
In the paper already referred to, on gpore-cuses in coals,
I have noticed that the relative composition of Iyco-
podium and cellulose is as follows :

Celluloge, C,  H;,05,.

Lycopodium, C, II“I‘!]NO 5

Thus, such spores are admirably suited for the pro-
duetion of highly carbonaceons or bituminous coals, ete.

Nothing is more remarkable in conneetion with these
bodies than their uniformity of strueture and form over
g0 great areas and throughout so great thickness of rock,
and the absence of any other kind of spore-case. This
is more especially noteworthy in contrast with the coarse
coals and bitnminons shales of the Carboniferous, which
usually contain a great variety of spores and sporangia,
indicating the presence of many species of acrogenous
plants, while the Erian shales, on the contrary, indicate the
almost exclusive predominance of one form. This con-
trast is well seen in the Bedlord shales overlying these
beds, and I believe Lower Carboniferous.® Specimens of
these have been kindly communicated to me by Prof.
Orton, and have been prepared by Mr. Thomas. In these
we see the familiar Carboniferous spores with triradiate
markingg called 7rilefes by Reinsch, and which are simi-
lar to those of Lycopodiaceous plan’rs, Still more abun-

* According to Newberry, lower part of Waverly group,
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dant are those spinous and hooked spores or gporangia,
to which the names Sporecarpon, Zygosporites, and Tra-
quarie have been given, and some of which Williamson
has shown {o be spores of Liycopodiaceous plants.™®

The true “ Sporangiltes,” on the contrary, are round
and smooth, with thick bituminous walls, which are
punctured with minute transverse pores. In these re-
spects, as already stated, they closely resemble the bodies
found in the Australian white coal and Tasmanite. The
precise geologieal age of this lask material is not known
with certainty, but it is believed to be Palzozoic.

With reference to the mode of ocemrrence of these
bodies, we may note firet their great abundance and wide
distribution, The horizontal range of the bed at Kettle
Point is not certainly known, but it is merely a northern
outlier of the great belt of Hrian shales referred to by
Prof. Orton, and which extends, with a breadth of ten to
twenty miles, and of great thickmess, across the State of
Ohio, for nearly two hundred miles. This Ohio black
shale, which liez at the top of the Brian or the base of
the Carboniferous, though probably mainly of Hrian age,
appenrs to abound throughout in these organismg, and in
some beds to be replete with them. In like manner, in
Brazil, according to Mr. Derby, these organisms are dis-
tributed over a wide area and throughout a great thick-
negs of shale holding Spirophylon, and apparently belong-
mg to the Upper Erian. The recurrence of similar forms
in the Tasmanite and white coal of Tasmania and Aus-
tralia is another important fact of distribution. To this

* Traguaria is to be distinguished from the calearcous bodies found
in the corniferous limestone of Kelly's Ialand, which I have described in
the * Canadian Naturalist " as Szceqmina Erian, and believe to be Fo-
raminiferal tests. They bave since becn deseribed by Ulrich under a
different name (Mellering > contribution to * American Paleontology,”
1886), Ree Dr, Williamson's papers in * Transactions of Royal Society
of London.”
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we may add the appearance of these macrospores in coals
and shales of the Carboniferoms period, though there in
association with other forms.

It is also to be observed that the Erian shales, and the
Forest of Dean beds described by Wethered, are marine,
as shown by their eontained fossils ; and, though I have
no certain information as to the Tasmanite and Austra-
lian white coal, they wounld seem, from the deseription of
Milligan, to oceur in distinetly agueous, possibly estua-
rine, deposits. Wethered has shown that the dises de-
seribed by Huxley and Newton in the Better-bed coal
occur in the earthy or fragmentary layers, as distin-
guished from the pure coal. Those oceurring in cannel
coal are in the same ease, so that the general mode of
oceurrence implies water-driftage, since, in the case of
bodies so large and dense, wind-driftage to great distances
would be impaossible.

These facts, taken in connection with the differences
between these macrospores and those of any known land-
plant of the Palxozoic, would lead to the inference that
they belonged to aquatie plants, and these vastly abundant
in the waters of the Erian and Carboniferous periods.

It is still further to be observed that they are not, in
the Erian beds, accompanied with any remains of woody
or sealariform tissues, such as might be expected in con-
neetion with the débris of terrestrial acrogens, and that,
on the other hand, we find them enclosed in cellular
sporocarps, though in the majority of cases these have
been removed by dehiscence or deeay.

These considerations, I think, all point to the prob-
ability which I have suggested in my papers on this sub-
ject referred to above, that we have in these objects the
organs of fructification of plants belonging to the order
Rhizocarpee, or akin to it. The comparisons which T
have instituted with the sporocarps and macrospores of
these plants confirm this suggestion. Of the modern
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gpecies which I have had an opportunity to examine,
Salvinia natans of Europe perhaps presents the closest
resemblance. In this plant groups of round cellular
sporocarps appear at the bases of the floating fronds.
They are about a line in diameter when mature, and are
of two kinds, one containing macrospores, the other mi-
crospores or antheridia. The first, when mature, hold a
number of elosely packed globular or oval sporangia of
loose cellular tissue, attached to a central placenta. Each
of these sporangia contains a single macrospore, perfectly
globular and smooth, with a dense outer membrane (ex-
hibiting traces of lamination, and showing within an
irregularly vacuolated or cellular structure, probably a
prothallus). I cannot detect in it the peculiar pores
which appear in the fossil specimens. Hach maerospore
1s about one-seventieth of an inch in diameter when ma-
ture. The sporocarps of the microzpores eontain a vastly
greater number of minute sporangia, about one two-hun-
dredths of an inch in diameter. These contain disc-like
antheridia, or microspores of very minute size.

The discs from Kettle Point and from the Ohio black
shale, and from the shale boulders of the Chicago clays,
are similar to the macrospores of Salvinia, except that
they have a thicker wall and are a little less in diameter,
being about one-eightieth of an inch. The Brazilian
gporocarps are considerably larger than those of the mod-
ern Salvinia, and the macrospores approach in size to
those of the modern species, being one seventy-fifth of an
inch in diameter. They also seem, like the modern gpe-
cieg, to have thinner walls than those from Canada, Ohio,
and Chicago. No distinct indication has been observed
in the fossil species of the inner Sporangium of Salvinia.
Possibly it was altogether absent, but more probably it ig
not preserved as a distinel strueture.

With reference to the microspores of Swlvinia, it is to
be observed that the sporocarps, and the contained spores
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or antheridia, are very delicate and destitute of the dense
outer wall of the mucrospores. Hence such parts are
little likely to have been preserved in a fossil state ; and
in the Erian shales, if present, they probably appear
merely as flocculent earbonaceous matter not distinetly
marked, or as minute granules not well defined, of which
there are great quantities in some of the shales.

The vegetation appertaining to the Sporangites has
not been distinctly recognised. I have, however, found
1n one of the Brazilian specimens two gporoearps attached
to what scems a fragment of a cellular frond, and numer-
ous specimens of the supposed Algee, named Spirophyton,
are found in the shales, but there iz no evidence of any
connection of this plant with the Profoselvinio.

Modern Rhizoearps present considerable differences as
to their vegetative parts. Some, like Pilularie, have
simple linear leaves ; others, like Marsilea, have leaves in
whorls, and cuneate in form ; while othexrs, like 4zollw
and Sulvinie, have frondoge leaves, more or less pinnate
in their arrangement. If we inquire as fo fossils repre-
senting these forms of vegetation, we shall find that rome
of the plants to be noticed in the immediate sequel may
have been nearly allied to the Rhizoearps. In the mean
time I may state that I have proposed the generic name
Prafosalvinie for these eurious macrogpores and their
coverings, and have deseribed in the paper in the ° Bul-
letin of the Chicago Aeademy of Sciences,” already
quoted, five species which may be referred to this genus.

These facts lead to inquiries as to the origin of the
bituminous matter which naturally escapes from the
rocks of the earth as petrolenm and inflammable gag, or
which may be obtained from eertain shales in these forms
by distillation. These produets are compounds of carbon
and hydrogen, and may be procured from recent vegetable
substances by destructive distillation. Some vegetable
matters, also, are much richer in carbon and hydrogen
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than others, and it is a remarkable fact that the spores of
certain eryptogamous plants are of this kind, as we see in
the influammable character of the dry spores of Lycopo-
dium ; and we know that the slow putrefaction of such
material underground effects chemical changes by which
bituminous matter can be produced. There ig, there-
fore, nothing unreasonable in the supposition advaneed
by Prof. Orton, that the gpores go abundantly contained
in the Ohio black shales are important or principal sources
of the bituminous matter which they contain. Micro-
seopic seetions of this shale show that much of its mate-
rial consists of the rich bituminous matter of these spores
(Fig. 16). Af the same time, while we may trace the
bitumen of thege shales, and of gome beds of coal, to this
cause, we must bear in mind that there are other kinds of
bituminous rocks which show no guch structures, and may
have derived their combustible material from other kinds
of vegetable matter, whether of marine or of land plants.
We shall better understand this when we have considered
the origin of coal.

The macrospores above referred to may have belonged
to humble aquatic plants mantling the surfaces of water
or growing up from the bettom, and presenting little
adrial vegetation. But there are other Erian plants, as
already mentioned, which, while of higher strueture, may
be of Rhizocarpean affinities.

One of these is the Beautiful plant with whorls of
wedge-shaped leaves, to which the name Sphenophyilum
(see Fig. 20) has been given. Plants referred to this
genus have been described by Lesquerenx from the upper
part of the Siluro-Cambrian,* and a beautiful little spe-
cies oceurs in the Krian shales of St, John, New Brons-
wick.t The genus is also continued, and is still more

* ¢ American Journal of Seicnee.”
1 Dawson, “ Report on Devonian Plants,” 1870,
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abundant, in the Carboniferous. Many years ago I ob-
served, in a beautiful specimen collected by Sir W. K.
Logan, in New Brunswick, that the stem of this plant
had an axis of reticulated and sealariform vessels, and an
outer bark.* Renault and Williamson have more recently
obtained more perfect specimens, and the former has
figured a remarkably complex triangular axis, containing
punctate and barred vessels, and larger punctate vessels
filling in its angles. Outside of this there is a cellular
inner bark, and thig is surrounded by a thick fibrous en-
velope. That a strueture so complex should belong to
a plant so humble in its affinities is one of the strange
anomalics presented by the old world, and of which we
shall find many similar ingtances. The fruit of Spheno-
phyllum was borne in spikes, with little whorls of bracts
or rudimentary leaves bearing round sporocarps.

Fre. 17 —Habpkydoﬁ plaumasm {(Tower Cnrbomfemua, Nova Seotia).
Natural size and mugnified.

A second type of plant, which may have been Rhizo-
carpean in its affinities, is that to which I have given the
name Plilophyton.t It consigts of heautiful feathery

* ¢ Journal of the Geologieal Society,” 1865.
t Plumaling of Hall,
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fronds, apparently bearing on parts of the main stem or
petiole small rounded sporocarps. They are found abun-
dantly in the Middle Erian of the State of New York,
and also oceur in Scotland, while one species appears to
oceur in Nova Scotia, as high as the Lower Carboniferous
(Figs. 1%, 18).

These organisms have been variously referred to Lyco-
pods, to Algs, or to Zodphytes, but an extended compari-

Fio. 16— Prilophyton Thomsoni (Seotland). «, Impression of plant in
vernation. 6, Branches conjecturally rostored. ¢, Branches of Zyco-
podites Milleri, on same slab.

son of American and Scottish specimens has led me to
the belief that they were aquatic plants, more likely to
have been allied to Rhizocarps than to any other group.
Some evidence of thiswill be given in a note appended
to this chapter.
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Another  genus,
which I have named
Psilophyton * (Figs,
19, 21), may be re-
garded as a connect-
ing link between the
Rhizocarps and the
Lycopods. It is so
named from its regem-
blance, in some re-
gpects, to the ecuri-
ous paragitic Lycopods
placed in the modern
genus Psilofum. Sev-
eral species have been
deseribed, and they are
eminently characteris-
tie of the Lower Eri-
an, in which they
were first discovered
in (aspé. The typ-
ical species, Psilophy-
ton princeps, which
fills many beds of shale
and sandstone in Gas-
pé Bay and the head
of the neighbouring
‘ Bay des Chaleurs with

‘ its slender stems and
Fia. 10, — Pyilophyton princeps, restored creeping, cord-like rhi-

Lower Lrian, Gaspé). a, Fruit, natural ¥ )
giza. b, Stem’, natural size. ﬂ,‘Senlur':- zZomes, may be thus de-
form tizsue of the axis, highly magni- seribed @
fled. In the restoration, ong side is repre- 4
sented in vernation and the other in fruit. Stems br&nchlﬂg

* ¢ Journal of the Geological Society,” vols, xy., xviil,, and xix., “ Re.
port on Devonian Plants of Canada,” 1871,
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dichotomously, and covered with interrupted ridges.
Leaves rudimentary, oy short, rigid, and pointed; in
barren stems, numerous and spirally arranged ; in fertile
stems and branchlets, sparsely scattered or absent; in
decorticated specimens, represented by
minute punctate sears, Young branch-
€s ecireinate ; rhizomata eylindrieal, eov-
ered with hairs or ramenta, and having
cireular areoles irregularly disposed, giv-
ing origin to slender eylindrical rootlots,
Internal structure—an axis of soalari-
form vessels, surrounded by a eylinder of
barenchymatous cellg, and by an outer .
cylinder of clongated woody cells. Frue- FI;;JM%_; Sols
tification consisting of naked oval Spore-  figuum (Erian,
cases, borne usnally in pairs on slender, %&‘;?rﬁf}"’;‘)
curved pedicels, either lateral or terminal,

This species was fully deseribed by me in the papers
referred to above, from specimens obtained from the rich
exposures af Gaspé Bay, and which enabled me to illng
trate its parts more fully, perhaps, than those of any
other species of go great antiquity. In the specimens I
had obtained I was able to recognise the forms of the
thizomata, stems, branches, and rudimentary leaves, and
alzo the internal structure of the stems and rhizomata,
and to illustrate the remarkable resemblance of the forms
and structures to those of the modern Psifolum. The
fructification was, however, altogether peculiar, consist-
Ing of narrowly ovate sporangia, borne ugually in pairs,
o0 carvod and apparently rigid petioles. Under the
Microscope these sporangia show indications of cellular
structure, and appear to have been membranous in char-
acter. In some specimens dehiscence appears to have
faken place by a slit in one side, and, elay having entered
nto the interior, both walls of the spore-case can be scen,

In other instances, being flattened, they might be mig-
-
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taken for scales. No spores could be observed in any of
the specimens, though in some the surface was marked
by slight, rounded prominences, possibly the impressions
of the spores within. This peculiar and very simple style

Fie, 91.—Lepidodendron and Psilophyton (Erian, New Brimswiek),
&, Lepidodendron Gaspianum. B, o, Leilophyton elégans,

of spore-case is also characteristic of other species, and
gives to Psilophyton a very distinet generic character.
These naked spore-cases may be compared to those of
such lycopodiaceous plants as Psilofum, in which the
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scales are rudimentary. They also hear some resemblance,
though on a much larger scale, to the spore-cages of some
Erian ferns (A4 rehwopteris), to be mentioned in the
sequel.  On the whole, however, they scem most nearly
related to the sporocarps of the Rhizocarpes.

Arthrostigma, which is found in the same beds with
Piloplyton, was a plant of more robust growth, with
better-developed, narrow, and pointed leaves, borne in a
verticillate or spiral manner, and bearing at the ends of
its branches spikes of naked Sporocarps, apparently simi-
lar to those of Psilophyton but more rounded in form,
The two genera must have been nearly related, and the
slender branchlets of Arthrostigma ave, unless well pre-
served, scarcely distinguishable from the stoms of Psilo-
phyton.*

I, now, we compare the vegetation of these and simi-
lar ancient plants with that. of modern Rhizoearps, we
shall find that the latter still present, though in a de-
Pauperated and diminighed form, some of the character-
istics of their predecessors, Some, like Pilularia, have
simple linear leaves 3 others, like Morsilea, have leaves in
Verticils and cuneate in form ; while others, like 4z0llg
and Selvinia, have frondose leaves, more or less pinnate
in their arrangement. The first type presents little that
18 characteristic, but there are in the Erian sandstones
and shales great quantities of filamentous and linear ob-
Jeets which it has been imposgible to refer to any genus,
and which might have belonged to plants of the type of
Piluloria. Tt is quite possible, also, that such plants as
Psilophyton plabrum and Cordaites angustifolie, of which
the fructification is quite unknown, may have been allied
to Rhizocarps. With regard o the verticillate type, we
are at once reminded of Sp?mwp?xyﬂmn (Fig. 20), which

—

x Reporta of the auther on “ Devonian Plants,” ¢ Geolozieal Survey of
Canada,” which sée for details a8 to Evian Flora of northeastern Americg,
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many palo-botanists have referred to the Marsiliace,
though, like other Paleozoic Acrogens, it presents eom-
plexities not seen in its modern representatives. S, pri-
mevum of Lesquercux is found in the Hudson River
group, and my S. antiguwm in the Middle Erian. Be-
gides these, there are in the Silurian and Erian beds
plants with verticillate leaves which have been placed
with the Annularis, but which may have differed from
them in fructification. Annulerie lawa, of the Erian,
and Profannularie Harknessii, of the Siluro-Cambrian,
may be given as examples, and must have been aquatic
plants, probably allied to Rhizoearps. It is deserving of
notice, also, that the two best-known species of Psilophy-
ton (P. prineeps and P. robustivs), while allied to Ly-
copods by the structure of the stem and such rudimentary
folinge as they possess, are also allied, by the form of
their fructification, to the Rhizocarps, and not to ferns,
ag some palmo-botanists have incorrectly supposed. A
similar remark applies to drthrostigmea ; and the beautiful
pinnately leaved Ptilophyton may be taken to represent
that type of foliage as seon in modern Rhizocarps, while
the allied forms of the Carboniferons which Lesquerenx
has named Zrochophyllum, seem to haye had sporocarps
attached to the stem in the manmer of Azolla.

The whole of this evidence, I think, goes to ghow that
in the Erian period there were vast quantities of aquatic
plants, allied to the modern Rhizocarps, and that the so-
called Sporangites referred to in this paper were probably
the drifted sporocarps and macrospores of some of these
plants, or of plants allied to them in structure and habit,
of which the vegetative organs have perished. I have
shown that in the Erian period there were vast swampy
flats covered with Psilophyton, and in similar submerged
tracts mear to the sea the Profosalvinie may have filled
the waters and have given off the vast multitudes of
macrospores which, drifted by currents, have settled in the
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mud of the black shales. We have thus a remarkable
example of a group of plants reduced in modern times to
a few ingignifieant forms, but which played a great 76l in
the ancient Palsozoic world.

Leaving the Rhizocarps, we may now turn to certain
other families of KErian plants. The first to attract our
attention in this age would naturally be the Liycopods,
the ¢lub-mosses or ground-pines, which in Canada and
the Eastern States carpet the ground in many parts of
our woods, and are so available for the winter decoration
of our houses and public buildings, If we fancy one of
these humble but graceful plants enlarged to the dimen-
sions of a tree, we shall have an idea of a Lepidodendron,
or of any of its allies (Figs. 15, 21). These large lycopo-
diaceous trees, which in different specific and generic
forms were probably dominant in the Erian woods, re-
sembled in general those of modern times in their fruit
and foliage, except that their cones were large, and prob-
ably in most cases with two kinds of spores, and their
leaves were also often very long, thus bearing a due pro-
portion to the frees which they eclothed. Their thick
Stems required, however, more strength than is necessary
in their diminutive successors, and to meet this want
some remarkable structures were introduced similar to
those now found only in the stems of plants of higher
rank. The cells and vessels of all plants consist of thin
Wwalls of woody matter, encloging the sap and other con-
tents of these sacs and tubes, and when strength is re-
quired it ig obtained by lining their interior with sue-
cessive coats of the hardest form of woody matter, usually
known as lignin. But while the walls remain thin, they
afford free passage to the sap to nourish every part. If
thickened all over, they would hecome impervious to sap,
and thevefore unsuited to ome of their most important
fanctions. These two ends of strength and permeability
are secured by partial linings of lignin, leaving portions of
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the original wall uncovered. But this may be done in a
great variety of ways.

The most ancient of these contrivances, and one still
continued in the world of plants, is that of the barred
or scalariform vessel, This may be either square or hex-
agonal, so as to admit of being packed without leaving
vacancies. It is strengthened by a thick bar of ligneous
matter up each angle, and these are connected by cross-
bars 5o as to form a framework resembling several ladders
fastened together. Ience the name scalariform, or lad-
der-like. Now, in a modern Lycopod there is a central
axis of such barred vessels associated with simpler fibres
or elongated cells. Even in Sphenophyllum and Psilo-
phyton, already referred to as allied to Rhizocarps,® there
i¢ such a central axis, and in the former rigidity is given
to this by the vascular and woody elements being ar-
ranged in the form of a three-sided prism or three-rayed
star. Dut such arrangements would not suffice for a tree,
and hence in the arboreal Liyeopods of the Erian age a
more complex structure is introduced. The barred ves-
gels were expanded in the first Instance into a hollow
cylinder filled in with pith or cellular tigsue, and the
outer rind was strengthened with greatly thickened cells.
But even this was not sufficient, and in the older stems
wedge-shaped bundles of barred tissue were run out from
the interior, forming an external woody cylinder, and in-
side of the rind were placed bundles of tough bast fibres.
Thus, a stem was constructed having pith, wood, and
bark, and capable of additions to the exterior of the
woody wedges by a frue exogenous growth. The plan is,
in short, the same with that of the stems of the exogenous
trecs of modern times, except that the tissues employed
are less complicated. The structures of these remarkable

# Fipst noticed by the author, * Journal of Geological Bociety,” 1865 ;
but more completely by Renault, © Comptes Rendus,” 1870,
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trees, and the manmer in which they anticipate those of
the true exogens of modern times, have been admirably
Hlustrated by Dr. Williamson, of Manchester. Hig
papers, it is true, refer to these plants as existing in the
Carboniferous age, but there is every reason to believe
that they were of the same character in the Erian, The
plan is the same with that now seen in the stems of exoge-
noug phenogams, and which has long ceased to be used
in those of the Lycopods. In this way, however, large
and graceful Iycopodiaceons trees were constructed in the
Erian period, and constituted the staple of its forests.
The roots of these trees were equally remarkable with
their stems, and so dissimilar to any now existing that
botanists were long disposed to regard them as inde-
pendent plants rather than roots. They were similar in
general structure to the stems to which they belonged,
but are remarkable for branching in a very regular man-
ner by bifnreation like the stems above, and for the fact
that their long, eylindrical rootlels were arranged in o
spiral manner and distinetly articulated to the rool after
the manner of leaves rather than of rootlets, and fitting
them for growing in homogencons mud or vegetable
muck. They are the so-called S#gmarie roots, which,
thongh found in the Erian and belonging to its lycopo-
diaceous plants, attained to far greater importance in the
Carhoniferous period, where we shall meet with them again.
There were different types of lycopodiaceous plants
in the Erian. In addition to humble Lycopods like those
of our modern woods and great Lepidodendra, which were
oxaggerated Lycopods, there were thick-stemmed and loss
graceful species with broad rhombie scars (Lepfophlenm),
and others with the leaf-scars in vertical rows (Sigillaria),
and others, again, with rounded leaf-gcars, looking like
the marks on Stigmaria, and belonging to the genus
Cyclostigma. Thus some variety was given to the arbo-
real club-mosses of these early forests. (See Fig. 15.)
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Another group of plants which
attained to great development in
the Erian age is that of the Ferns
or Brackens. The oldest of these
yet known arve found in the Mid-
dle Erian. The Hopferis of Sa-
porta, from the Silurian, abt one
time supposed to carry this type
much further back, has unfortu-
nately been found to be a mere
imitative form, consisting of
films of pyrites of leaf-like shapes,
and produced by erystallisation.
In the Middle Erian, however,
more especially in North Ameri-
ca, many speeies have been found
(TFigs. 22 to 24).* I have myself
recorded more than thirty spe-
eies from the Middle Ervian of
(anada, and these belong to sev-
eral of the genera found in the
Carboniferous, though some are
peculiar to the Erian. Of the
latter, the best known are per-
haps those of the genus Arche-
opleris (Fig. 24), so abundant
in the plant-beds of Kiltorcan
in Ireland, as well ag in North
Amerieca, In this genus the
fronds are large and luxuriant,
with bread obovate pinnules de-
Fro, 22—Erian ferns (New eurrent on the leaf-stalk, and

E;,;tﬁ:;?”;}‘j.;wf,; ;1?:;";‘:;’? with simple sac-like spore-cases

morpha. 5 Sg“"-"?‘"’"‘“ borne on modified pinnm. An-

piloes, x, Hymanophyitites X
subfureatus., other very beautiful fern found

* Tor descriptions of these ferns, sen reports cited ahove.
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(7

Fm..gg__ﬂﬁ,m ferns (New PBrumswick). =, Cyelopterdz valida, and
pinnule enlareod, b, Sphonopteris marginata, and portion enlavged,
E, %Mﬂgptsris Hartid,” &, Lipmeno, higtlites curtilobus. B, Hymcno-
plyllites Gersdongiii, and portion enlarged, 1, Alathopleris discrepans.

E, Fecoptoris serrulata. T, Fecopteris precivsa. u, Alghopieris Perloyi.
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with Archaopteris is that which I have named Platyphyl-
Tum, and which grew on a ereeping stem or parasitically
on stems of other plants, and had marginal fructification.*

N
~

L =
By e =

Fre. 24, —Arrkwopﬁe:%‘ Jacksoni, Dawson (Maine). An Upper Erian
fern. @, 4, linpules ghowing venation.

# 4 Reports on Fossil Plants of the Devonian and Upper Silurian of
Canada,” 1871, &e,
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Another very remarkable fern, which some botanists have
supposed may belong to a higher group than the ferns, is
Megalopteris (Fig. 26).

Some of the Erian ferns attained to the dimensions of
tree-ferns. Large stems of these, which must have floated
out far from land, have been found by Newberry in the
marine limestone of Ohio (Cawlopteris emtiqua and C.
peregring, Newberry),* and Prof, Hall has found in the

Fra. 25.—An Erian tree-fern. Cuulopteris Lockwoodi, Dawson,
reduced. (Erom a specimen from Gilbow, New Yorlk.)

Upper Devonian of Gilboa, New York, the remains of a
forest of tree-ferns standing 4 sifw with their great
masses of aérial roots attached to the soil in which they
grew (Cowdopteris Lockwoodi, Dn.).4

These aérial roots introdnee us to a new contrivance
for strengthening the stems of plants by sending out into
the soil multitudes of cord-like eylindrieal roots from

# 4 Journal of the Geological Society,” 1871 t Thid.
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various heights on the stem, and which form a series of
stays like the cordage of a ship. This method of support
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Tio. 28.—Megalopteris Dawsond, Hartt (Erian, Naw PBrunswick), «, Frae-
ment of pinna. 4, Point of pinnule. ¢, Venation. (The midyib is not
accurately given in this figure.)

gtill continmes in the modern tree-ferns of the tropics
and the gonthern hemisphere. In one kind of tree-fern
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stem from the Erian of New York, there is also a speeial
arrangement for support, consisting of a series of pecul-
iarly arranged radiating plates of scalariform vessels, not
exactly like those of an exogenous stem, but doing duty
forit (Asteropteris).®

Similar plants have ’h
been deseribed from \ﬁ\] :
the Erian of Falken- il T\-ﬁ\
berg, in Germany, | j\
and of Saalleld, in \ ,

Thuringia, by Goep- ‘ | L
pert and Unger, and \ | \ |
are referred to ferns i ‘
by the former, but { I
treated as doubtful L

by the latter.+ This
peculiar type of tree-

fern is apparently a
precursorof the more /
exogenous type of | “‘ | i
Heterangium, recent- ‘

ly deseribed and re- | \d
ferred to ferns by \\ NU ! .
Williamson.  Here, N '-\7 “'M | ‘

again, we have a me-

it . U T
chanical contrivance - ( L
. B LY/
now restricted to = =yl N
i e hoat ( \ v
higher plants appro- e SN

priated by these old Fra. 97.—Culamites radiatus (Erian, New
Y Brunswick).

cryptogams.
The history of the ferns in geological time is remark-
ably different from that of the Lycopods; for while the

* % Journal of the Geological Society,” London, 1881.

1 “Sphenopteris Refracta,” Goeppert; “Flora des Uebergangsge-
birges” “(Cladoxylon Mirabile,”” Unger; “ Palmzontologie des Thuringer
Waldes.”
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latter have long ago descended from their pristine emi-
nence to a very humble place in nature, the former still,
in the southern hemisphere at least, retain their arboreal
dimensions and an-
cient dominance.

The family of
the Lyuisetacee, or
mare’s-tails, was also
represented by large
species of Calamites
and by Asterophyl-
lites in the Hrian ;
but, as its headquar-
ters are in the Car-
boniferous, we may
defer its considera-
tion till the next
chapter. (Figs. 27,
28.)

Pasging over these
for the present, we
find that the flower-
ing plants are repre-
; : y gented in the Erian
Fro. 28, —Asteraphyilites (Brian, New Bruns-  forests by at least

wick). A, Asferoplyllites latifolis. B, Do., g
apex of stem (1) fruit. o, of, A. seutigers, two types of Gym-
%[m),“ /1{'..0 ai_c'zéy"ulm, larger whorl of leaves. nosperms, that of
Tazine@ or Yews,
and an extinet family, that of the Cordaites (Figs. 30, 31).
The yew-trecs are closcly allied to the pines and spruces,
and are often included with them in the family of Conifera.
They differ, however, in the habit of producing berries or
drupe-like fruits instead of cones, and there iz some
reason to believe that this was the habit of the Erian
trees of this group, though their wood in some in-
stances tesembles rather that of the Aramcaria, or Nor-
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folk Island pine, than that of the modern yews. These
trees are chiefly known to us by their mineralised trunlks,
Which are often found like drift-wood on modern sand-
banls embedded in the Erian sandstones or limestones.
It often shows its structure in the most perfect man-
ner in specimens penctrated by calcite or silica, or by
pyrite, and in which the original woody matter has

o D
M :
L
SSESSS Ta
SE= =28 /]
th-i
LJ =

Fig, 29.—Dadoxylon Quengondignum, an Frisn conifer. 4 Fragment
showing Sternborgin pith and wood ; a, medullury sheath : b, pith;
¢ wood; d, section of pith. m, ¥ ood-ecll; a, hexagonal arecle:
by pore, ¢, 1ergit:.ld_m:ll section of wood, showing, @, arcolation, and
&, medullar rays. », Transverse seetion, showing, «, wood-eells, and
4, Timit of I};:L_}"el‘ of growth. (s, ¢, n, highly magnified.)

been regolved into anthracite or even into graphite.
These trees have true woody tissues presenting that beau-
tiful arrangement of pores or thin parts enclosed in cup-
like dises, which is characteristic of the coniferous trees,
and which g g great improvement on the barred tissue
already reforred to, affording a far more strong, tough,
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and durable wood, such as we have in our modern pines
and yows (Fig. 29).

These primitive pines make their appearance in the
Middle Erian, in various parts of America, as well as in
Seotland and Germany, and they are represented by wood
indicating the presence of several species. I have myself
indicated and deseribed five species from the Frian of
Canada and the United States. From the fact that these
trees are represented by drifted trunks embedded in sand-
stones and marine limestones, we may, perhaps, infer that
they grew on the rising grounds of the Erian land, and
ihat their trunks were carried by river-floods into the sea.
No instance has yet certainly ocenrred of the discovery of
their foliage or fruit, though there are some fan-shaped
leaves usnally regarded as ferns which may have belonged
to euch trees. These in that case would have resemhbled
the modern @ingko of China, and some of the fruits re-
ferred to the genus Cardiocarpuwn May have been pro-
duced by them. Various names have been given to these
trees. I have preferred that given by Unger, Dadoxylon,
as being more non-committal as to affinities than the
others.* Many of these trees had very long internal
pith-cylinders, with curious transverse tubnle, and which,
when preserved separately, have been named Sternbergia.

Allied to these trees, and perhaps intermediate between
them and the Cycads, were those known as Cordaites
(Fig. 30), which had trunks resembling those of Dadozy-
Ion, but with still larger Sternbergia piths and an internal
axis of sealariform vessels, surrounded by a comparatively
thin woody cylinder. Some of them have leaves over a
foot in length, reminding one of the leaves of broad-leaved
grasses or iridaceous plants. Yot their flowers and fruit
soem to have been more nearly allied to the yews than to
any other plants (Fig. 31). Their stems were less woody

% 4pquearites, Goeppert ; Avaueariozylon, Kraus,
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and their piths larger than in the truoe pineg, and some
of the larger-leaved species must have had thick, stiff
branches. They are regarded as constituting a separate
family, intermediate between pines and cycads, and, be-

\
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Fie. 80.—Cordaites Fobdii (Eriun, New Branswick), a, Group of young
leuves. 8, Point of leaf. ¢, Base of leat. o, Venation, magnified,

ginning in the Middle Devonian, they terminate in the
Permian, where, however, some of the most gigantic spe-
cies occur. Im so far as the form and structure of the
leaves, stems, and fruit are concerned, there is marvel-

lously little difference between the species found in the
G
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Erian and the Permian. They culminated, however, in
the Carboniferous period, and the coal-fields of southern
TFrance have proved so far the richest in their remains.
Lastly, a single speecimen, collected by Prof. James
Mall, of Albany, at Eighteen-mile Creek, Lake Erie, has
the structure of an ordinary angiospermous exogen, and
has been described by me as Syringoxylon mirabile.®
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Fie. 31.—Erian fruits, &e., some gymnospermons, and probably of Cordailes
and Taxine trees (St, John, New Brunswick)., A, Cardiocarpum cor-
pubum. B, Cordiscarpum aoutum. o, Cardipearpum Crompii. D, Car-
dioearpum Baileyi. 1, Trigonocarpum racemosum, B B, Fruits en-
larged. v, Anrtholithes Deévonicus. &, Annularia acuminala, H, As-
teropliyllites acicularis, 1% Fruit of the same. ®, Cardigearpum
(¢ young of 4.} L, Pinnularia dispatens {probably a root).

This unique example is suffieient to establish the fact of
the existence of such plants at this early date, unless some
accident may have earried a specimen from a later forma-

* « Journal of the Geological Society,” vol, xviii.
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tion to be mixed with Erian fossils, Tt is to be observed,
however, that the non-occurrence of any similar wood in
all the formations betweon the Upper Erian and the Mid-
dle Cretaceous suggests very grave doubt as to the anthen-
ticity of the specimen. I record the fact, waiting further
discoveries to confirm it. Of the character of the epeci-
men which I have described I entertain no doubt,

We shall be better able to realise the significance and
relations of this ancient flora, when we have studied that
of the succeeding Carboniferons, We may merely remark
here on the fact that, in these forests of the Devonian
and in the marshes on their marging, we find a wonder-
ful expansion of the now modest groups of Rhizocarps
and Lycopods, and that the flora as a whole belongs to
the highest group of Cryptogams and the lowest of Pha-
nogams, so that it has about it a remarkable aspect of
medioerity.  Further, while there is evidence of some
variety of station, there ig also evidence of much equali by
of climate, and of a condition of things more resembling
that of the insular climates of the temperate portions of
the sonthern hemisphere than that of North Ameriea or
Europe at present.

The only animal inhabitants of these Devonian woods,
8o far as known, were a few species of insects, discovered
by Hartt in New Brunswick, and described by Dr. Seud-
der. Since, however, we now know that scorpions as
well as insects existed in the Silurian, it is probable that
these also oceurred in the Lirian, though their remaing
have not yet been discovered. All the known insects of
the Brian woods are allies of the shad-flies and grasshop-
Pers (Newroptera and Orthoptera), or intermediate he-
tween the two, Tt is probable that the larvae of most of
them lived in water and fed upon the abundant vegetable
atter there, or on the numerous minute erustaceans and
Worms. There were no land vertebrates, so far as known,
but there were fishes (Dipterus, ete.), allied to the mod-
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ern Barramunda or Cerafodus of Australia, and with
teeth suited for grinding vegetable food. It is also possi-
ble that some of the smaller plate-covered fishes (Placo-
ganoids, like Pferichihys) might have fed on vegetable
matter, and, in any case, if they fed on lower animals, the
latter must have subsisted on plants. I mention these
facts to show that the superabundant vegetation of this
age, whether aquatic or terrestrial, was not wholly useless
to animals. It is quite likely, also, that we have yet
much to learn of the animal life of the Erian swamps and
woods.

NOTES TO CIAPTER IIL

I,—CLASSIFICATION OF SPORANGITES.

It is, of course, very unsatisfactory to give names to mere frag-
ments of plants, yeb it seems very desirable to have some means of
arranging them. With respect to the organisms described above,
which were originally called by me Sporangifes, under the sup-
position that they were Sperangia rather than spores, this name
has so far been vindicated by the discovery of the spore-cases belong-
ing to them, so that T think it may still be retained as a provisional
namie; but [ would designate the whole as Profosalvinie, meaning
thereby plants with rhizocarpean affinities, though possibly when
better understood belonging to different genern. We may under
these numes speak of their detached discs as macrospores and of
their cellnlar envelopes as sporocarps, The following may be recog-
nized as distinel forms:

1. Protoselvinia Huronensis, Dawson, Syn., Sporangites Huron-
ensts, “ Report on Hrian Flora of Canads,” 1871.—Macrospores, in
the form of dises or globes, smooth and thick-walled, the walls pene-
trated by minute radiating pores. Diameter about one one-hun-
dredth of an inch, or a little more, When @n sile several macro-
spores are contained in a thin eellular sporocarp, probably globular
in form, TFrom the Upper Erian, and perhaps Lower Carboniferous
shales of Kettle Point, Lake Huron, of yarious places in the State of
Ohio, and in the shale boulders of the boulder elay of Chicago and
vicinity. First collected at Kettle Point by Sir W. E. Logan, and
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in Ohio by Prof. Edward Orton, and at Chicago by Dr. H. A. John-
son and Mr. B. W. Thomas, also in New York by Prof, J. M, Olarke.

The maerospores collected by Mr, Thomas from the Chicago
clays and shales conform closely to those of Kettle Point, and prob-
ably belong to the same species, Someof them are thicker in the
outer wall, and show the pores mueh more distinetly. These have
been called by Mr. Thomas 8. (hicagoensis, and may be regavded as
4 varietal form. Specimens isolated from the shale and monnted
dry, show what seems to have been the hilum or sear of attachment
better than those in balsam,

Sections of the Kettle Point shale show, in addition to the ma-
erospores, wider and thinner shreds of vegetable matter, which I am
inelined to suppose to be remains of the SpOrocarps.

2. Prolosalvinia (Sporangiles) Brazitiensis, Dawson, “ Canadian
Record of Seience,” 1883, —Macrospores, round, smooth, a little
longer than those of the last species, or about one saventy-fifth of
an inch in diameter, enclosed in round, oval, or slightly reniform
sporocarps, each containing from four to twenby-four macrospores.
Longest diameter of sporocarps three to six millimetres,  Structure
of wall of sporacarps hexagonal eellular. Some sporoearps show no
macrospores, and may possibly eontain microspores. The specimens
are from the Hrian of Brazil, Discovered by Mr, Orville Derby.
The formation, aceording to Mr. I Yerby, consists of black shales he-
low, about three hundred feat thick, and eontaining the fucoid known
as Spirophyfon, and probably decomposed vegetable matter. Above
this is ehoeolate and reddish shale, in which the well-preserved speci-
mens of Profosalvinig oceur.  These beds are very widely distribuled,
and abound in Protosalvinia and Spirophyton,

8. Lrotosolvinde (Sporangiies) bilobata, Dawson, * Cunadian
Record of Science,” TBS:i—SpD]UUm'ps, oval or reniform, three
to six millimetres in  diameter, each showing two rounded
prominences at the ends, with g depression in the middle, and
sometimes o raised neck or isthmus at one side connecting the
Prominences. Structure of sporocarp cellular. Some of the speci-
mens indicale that each prominence or tuberele contained seversl
macrospores. At first sight it would be easy to mistake these bodies
for valves of Beyrichia.

Tound in the same formations with the last species, thongh, in so
fur as the specimens indieate, not preeisely in the same beds, Col-
lected by My, Derby.

4. Protosalvinia Clarkes, Dawson, P, bilobata, Clarke, “ American
Jonrnal of Science.”—Macrospores two-thirds to one millimetre in
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diameter. One, two, or three contained in each sporocarp, which is
cellular. The macrospores have very thick walls with radiating tor-
tuous tubes. Unless this structure is a resnlt of mineral erystallisa-
tion, these macrospores must have had very thick walls and must have
resembled in structure the thickened cells of stone fruits and of the
core of the pear, or the tests of the Silurian and Erian seeds known
as Paehytheea, though on a smaller scale.

It is to be observed that bodies similar to these oceur in the Bog-
bead earthy bitumen, and have been deseribed by Credner.

I bave found similar bodics in the so-called “ Stellar coal * of the
coal district of Pictou, Nova Scotia, some lnyers of which are filled
with them. They occur in groups or patches, which seem to be en-
closed in o smooth and thin membrane or sporocarp. It is guite
likely that these bodies are generically distinel from Protosalvinia.

8. Protosalvinia punctate, Newton,  (teological Magazine,” New
Series, December 2d, vol. ii.—Mr. Newton has named the dises
found in the white coal and Tasmanite, Tasmaniftes, the species be-
ing Tasmanites punclatus, but asmy name Sporangiles had priority,
I do not think it necessary to adopt this ferm, though there can be
lititle doubt that these organisms are of similar character. The same
remark may he made with reference Lo the bodies deseribed by Hux-
ley and Newton as oceurring in the Better-bed coal.

In Witham's *TInternal Structure of Fossil Vegetables,” 1833,
Plate XT, are figures of Laneashire cannel which shows Sperangites of
Lhe type of thosein the Erian shales. Quekett, in his “ Report on the
Torbane Tl Mineral,” 1854, has very well figured similar structures
from the Methel coal and the Lesmahagow cannel coal. These are
the earliest publications on the subject known to me; and Quekeft,
though nob understanding the nature of the bodies he observed,
holds that they are a usual ingredient in cannel coals,

IL—Tor NATURE AND AFFINITIES oF PTILOPHYTON.

{Lycopodiles Vanuzemid of “ Report on Devonian and Upper
Silurian Plants,” Part T, page 85, L. plunnda of * Report on Lower
Carboniferous Plants,” page 24, Plate I, Figs. 7,8, 9) In the re-
ports above referred to, these remarkable pinnate, frond-like objects
were referred to the genus Lyeopodites, as lad been done by Goep-
pert in his deseription of the Ruropean species Lycopodites pennee-
Jformis, which is very near to the American Erian form. Sinee 1871,
however, there have been many new specimens obtained, and very
various opinions expressed as to their affinitics. While Hall has
named some of them Plumaling, and has regarded them as animal
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structures, allied to hydroids, Lesquerenx has described some of the
Carboniferous forms under the generic name Lrochophylium, which
i, however, more appropriate to plants with verticillate leaves which
are included in this genus. Before I had seen the publications of
Hall and Lesquercux on the subject, T had in a paper on.“ Scottish
Devonian Plants ™ * separated this group from the genus Liyeopodites,
and formed for it the genus Pfilophyton, in allusion to the feather-
like aspech of the species. My reasons for this, and my present in-
formation as to the nature of these plants, may be stated as follows

Schimper, in his « Palwontologie Vegetale” (possgibly from inat-
tention to thedeseriptions or want of access to gpecimens), doubts the
lyeopodiaceous character of species of Lycopodites described in my
published papers on plants of the Devenian of America and in my
Report of 1871.  Of these, L. Richardsons and L. Multhewsi aye un-
doubtedly very near to the modern genus Lyeopodivwm. L. Vanuz-
emiu is, 1 admit, more problematical ; but Schimper could searcely
haye supposed. it to be a fern or a fucoid allied to Cewlerpa had he
observed that both in my speeies and the allied L. penneeformis of
Goeppert, which he does not appear to notice, the pinnules are ar-
ticulated upon the stem, and leave scars where they have fallen off.
When in Belfast in 1870, my attention was agein directed to the
aflinities of these plants by finding in Prof. Thomson’s eollection a
specimen from: Caithness, which shows a plant apparently of this
kind, with the same long narrow pinn or leaflots, attached, how-
ever; fo thicker stems, and rolled upin & circinate manner, 1t SeEms
to be a plant in vernation, and the parts are too much erowded and
pressed fogether to admit of being accurately figured or deseribed ;
but 1 think T can scarcely be deceived as to its true nature, The
circinate arrangement in this case would favour s relationship o
ferns; but some lycopodiaceous plants also roll themselves in this
Way, and so do the branches of fhe plants of the genus Psilophylon.
(Fig. 17, supra.)

The specimen eonsists of a short, erect stem. on which are placed
somewhat stout alternate branches, extending obliguely outward and
then cnrving inward in a cireinate manner. The lower ones appear
to produce on their inner sides short lafersl branchlets, and upon
these, and also upon the enrved extremitics of the branches, are long,
narrow, linear leaves placed in a erowded manner. The specimen is
thus not g spike of fruclification, but a young stem or branch in ver-
nation, and which when unrolled would be of the form of those

* ¢ Canadian Naturalist,” 1878.
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peculiar pinnate Lycapodites of which L. Vanuwzemii of the Ameri-
can Devonian and L. genneeformas of the Buropean Lower Carbon-
iferous are the types, and il shows, what might have been anticipated
from other specimens, that they wers low, tufted plants, eircinate in
vernation. The short stem of this plant is simply farrowed, and
bears no resemblance to a detached branch of Lyeopodiles Miller
which lies at right angles to it on the same slab.  As to the affinities
of the singular type of plants to which this specimen belongs, I may
fuote from my * Report on the Lower Carboniferous Plants of
Canada,” in which L'have deseribed an allied species, L. plumda :

“I'he botanical relations of these plants must remain subject to
doubt, wntil either their internsl structure or their fructification can
be discovered. In the mean time I follow Goeppert in placing them
in what we must regard as the provisional genus Lyeopodites. On
the one hand, they are not unlike the slender twigs of Zawodium
and similar Conifers, and the highly carbonsceous character of the
stems gives some colour to the supposition that they may have been
woody plants, On the other hand, they might, so far as form is con-
cerned, be placed with Algm of the lype of Brongniart's Chondrites
obfusys, or the modern Cowlerpa plumarie. Again, in a plant of
this type from the Devonian of Caithness to which I have veferred in
a former memoir, the vernation seems to haye been circinate, and
Schimper has conjectured that these plants may be ferns, which
seems also to have been the view of Shumard.”

On the whole, these plants are allied o Tiyeopods rather than to
ferns; and as they constitute a small but distinet group, known only,
so far as T am aware, in the Lower Carboniferous and Erian or De-
vonian, they deserve a generie name, and I proposed for them in my
“Paper on Seottish Devonian Plants,” 1878, that of Plilophylon, a
name sufficiently distinet in sound from Psilophyton, and expressing
very well their peeuliar feather-like habit of growth. The ZeNls was
defined as follows :

“ Branching plants, the branches bearing long, slender leaves in
twa or more ranks, giving them a feathersd appearance ; vernation
cireinate, Fruil unknown, but analogy would indicate that if. was
horne on the bases ol the leaves or on modified hranches with shorter
leaves.”

The Seottish specimen above referred to was named PY. Thom-
sond, and was characterised by its densely tufted form and thiek
branches, The other species known are: PY pennmformis, Goep-
pert, L. Carboniferous: Pf. Vanugemid, Dawson, Devonian: Pt
plumuyla, Dawson, L, Carboniferous,
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Shumard’s Fificifes gracilis, from the Devonian of Ohio, and
Stur’s Pinites amtecedens, from the Lower Carboniferous of Silesia,
miry possibly belong to the same genus, The Seottish specimen re-
ferred fo is appavently the first appearance of this form in the
Devonian of Burope.

1 have at o still later date had opportunities of studying con-
siderable series of these plants colloeted by Prof, Williams, of Cornell
University, and prepared a note in reference to them for the Ameri-
can Associntion, of which, however, only an absfract has been pub-
lished. 1 have also been fayoured by Prof. Lesquereux and My,
Lacoe, of Pittston, with the epportunity of studying the specimens
referved to Trochophyllum.

Prof. Willinms's specimens oceur in a dark shale associated with
remains of land-plants of the genera Lsilophyton. Rhodea, &e., and
also marine shells, of which a small species of Rhynehonella is often
atfached to the stems of the Plilophyton. Thus these organisms
have evidently been deposited in marine beds, but in assoeiation
with land-plants,

The study of the specimens collected by Prof. Williams de velops
the following facts: (1) The plants are not conlinuous fronds, but
slender stems or petioles, with narrow, linear leallets attached in a
pinnate manner. (2) The pinnules are so articulated that they break
off, leaving delicate transverse sears, and the lower parts of the stems
are often thus denuded of pinna for the length of one or more
inches. (3) The slems enrve in such a manner as to indieate a ¢ir-
cinate vernation. (4) In a few instances the fronds were observed
to divide dichotomonsly toward the top; but this is rare, (5) There
are no indieations of cells in the pinnules; but, on the other hand,
there is no appearance of fructification unless the minute grannles
which roughen some of the stems are of this nature, {B) The siems
seem fo have been lax and flexuous, and in some instances they
seem to haye grown on the petioles of forns preserved with them in
the same beds. (7) The frequency of the attachment of simall hrachio-
pods to the specimens of Péilophyton would seem to indicate that
the plant stood ereet in the water, (8) Some of the specimens show
0 much earbonaceous matter as fo indicate that the pinnules were
of considerable consistency. All these characters are those rather
of an aquatic plant than of an animal organism or of & land-plant.

The specimens communicated by Prof, Lesquersux and Mr,
Lacoe are from the Lower Carboniferous, and evidently represent a
different species with similar slender pitted stems, often partially
denuded of pinmules below ; but the pinnules are much broader and
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more distant. They are attached by very narrow bases, and ap-
parently tend Lo lie on'a plane, though they may possibly have been
spirally arranged. Cn the same slabs are rounded sporangia or
macrospores like those of Lepidodendron, but there is no evidence
that these belonged to Trochophylluni. On the stems of this plant,
however, there ave small, rounded hodies apparently taking the places
of some of the pinnules. These may possibly be spore-cases: hub
they may be merely imperfectly developed pinnules. Still the fact
{hat similar small granules appear on the stems of the Devonian
species, favours the iden that they may be organs of fructification.

The most interesting discovery, howeyer, which resulls from the
study of Mr. Lancoe’s specimens, is that the pinnules were eylindrical
and hollow, and probably served to float the plant. This wounld
account for many of the peculiarities in the appearance and mode
of oceurrence of the Devonian Plilophylon, which are readily ex-
plained if it is supposed to be an aquatic plant, attaching itself to
the stems of submerged vegetable remains and standing erect in the
water by virtue of its hollow leaves. It may well, however, have
been a plant of higher organisation than the Algw, though no doubt
eryptogamous.

The species of Plilophyton will thus constitute a peeuliar gronp
of aquatic plants, belonging to the Devonian and Lower Carbonif-
erous periods, and perhaps allied to Tiycopods and Pillworts in their
organisation and fruit, but specially distinguished by their linear
leaves serving as floats and arranged pinnately on slender stems,
The only species yet found within the limits of Canada is I%. plu-
mauln, found by Dr. Honeyman in the Lower Carboniferous of Nova
Scotia; but as Pt Vanuremit abounds in the Erian of New York,
it will no doubt be found in Coanada also.

ITIT.—"TrEe-Frerys or toE Erian Prrion.

As the fact of the occurrence of true tree-ferns in rocks so old
as the Middle Erian or Devonian has been doubted in some quar-
ters, the following summary is given from descriptions published in
the * Journal of the Geological Society of London™ (1871 and 1881),
where figures of the species will be found :

Of the numerous ferns now known in the Middle and Upper
Devonian of North America, a great number are small and delicate
species, which were probably herbaceous ; but there are other species
which may have heen tree-ferns, Litlle definite information, how-
ever, has, until recently, been obtained with regard to their habit of
growth.
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The only species known to me in the Devonian of Europe is the
Candopleris Peaehii of Salter, figured in the * Quarterly Journal of
the Geological Society ” for 1858, The original speeimen of this I
had an opportunity of seeing in London, through the kindness of
My, Etheridge, and have no doubt that il is the stem of a small
arborescent fern, allied to the genus Caulopteris, of the coal forma-
tion.

In my paper on the Devonian of Eastern America (* Quarterly
Journal of the Geological Society,” 1862), T mentioned a plant found
by Mr. Richardson at Perry, as possibly a species of Megaphyion,
using that term to denote those stems of tree-ferns which have the
leaf-scars in fwo vertieal =eries; but the specimen was obscure, and
1 have not yet obtained any other,

More recently, in 1869, Prof. Hall placed in my hands an inter-
esting collection from Gilboa, New York, and Madison County, New
York, including two trunks surrounded by aérial roots, which I have
described as Psaronius fextilis and P. Brinnus, in my * Revision of
the Devonian Flora,” read before the Royal Society.* In the same
eollection were two very large pelioles, Rhaeliopteris gigantea and
B, palmatz, which T have suggested may have belonged to tree-ferns.

My determination of the species of Psarondus, above mentioned,
has recently been eompletely confirmed by the discovery on the part
of Mr. Lockwood, of Gilboa, of the upper part of one of these stems,
with its leat-scars preserved and petioles attached, and also by some
remarkable specimens obtained by Prof. Newberry, of New York
from the Corniferous limestone of Ohio, which indicate the exisi-
ence there of three species of tree-ferns, one of them with atrial
roots similar to those of the Gilboa specimens. The whole of these
specimens Dr. Newherry has kindly allowed me to examine, and has
permitted me to deseribe the Gilboa specimen, as connected with
those which I formerly studied in Prof, Hall’s colleclions. The
specimens from Ohio he has himself named, but allows me to notice
them here by way of comparison with (he others. I shall add some
nofes on specimens found with the Gilboa ferns.

1t may be further observed that the Gilboa specimens are from
8 bed containing ereet stumps of tree-ferns, in the Chemung group
of the Upper Devonian, while those from Ohio are from a marine
limestone, helonging to the lower part of the Middle Devonian,

1. Caulopteris Lockwoadi, Dawson.—Trunk from two to three

* Abstract in “ Proceedings of the Royal Society,” May, 1870; also
“Report on Erian Plants of Canada,” 1871,
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inches in diameter, rugose longitudinally. Leaf-scars broad, rounded
above, and radiatingly rugose, with an irregular scar below, arranged
spirally in about five vanks; vaseular bundles not distinetly pre-
served. Petioles slender, much expanded at the base, dividing at
first in a pinnate manner, and afterwards dichotomously. Ultimate
pinna with remains of numerous, apparently narrow pinnules.

This stem is probably the upper part of one or other of the
species of Psaronius found in the same hed (P. Erianus, Dawson,
and P, fextilis, Dawson)® It appears to have been an erect stem
embedded in sifu in sandstone, and preserved as a cast. The stem
is small, being only two inches, or a little more, in diameter. It
is coarsely wrinkled longitudinally, and covered with large leaf-
sears, each an inch in diameter, of a horseshoe-shupe. The peti-
oles, five of which remain, sepavate from these sears with a distinet
- artieulation, except at one point mear the base, where probably a
butidle or bundles of vessels passed into the petiole. They retain
{heir form at the attachment to the stem, but a little distance
from it they are flattened. They are inflated at the base, and some-
what rapidly diminish in size. The lenf-sears vary in form, and are
not very distinet, but they appear to present a semicireular row of
pils ahove, largest in the middle. From these there proceed down-
ward a series of irregular furrows, converging to a second and more
ohseure semicirele of pits, within or below which is the irvegular sear
or break ahove referred to. The attitude and form of the peticles
will be seen from Fig, 24, supra,

The petioles are broken off within a few inches of the stem;
but other fragments found in the same beds appear to show their
continuation, and some remains of their folinge. One specimen
shows a series of processes at the sides, which seem to he the re-
mains of small pinnwe, or possibly of spines on the margin of the
petiole. Other fragments show the division of the frond, at first in
o pinnate manner, and subsequently by bifurcation; and some frag-
ments show remains of pinnules, possibly of fertile pinnules. These
are very indistinet, but would seem to show that the plant ap-
proached, in the form of its fronds and the arrangement of its
fructification, to the Cyclopterids of the subgenus Aneimiles, one of
which (Anei-mite& Aecadiea), from the Lower Carhonilerous of Nova
Seotis, T have elsewhere described as probably a tree-fern.t The

# Memoir on Devonian Flora, “ Proceedings of the Royal Society,”
May, 1870
1 “ Quarterly Journal of the Geological Society,” 1860,
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fronds were evidently different from those of Arehuropteris,* a genus
characteristic of the same beds, but of very different habil of growth.
This accords with the fact that there is in Prof. Hull's colleclinn a
mass of fronds of Cyeloplerts (Aveleopteris) Jacksond, so arranged
as to make it probable thal the plant was an herbaceous fern, pro-
ducing tufts of fronds on short stems in the ordinary way. The
obscurity of the leaf-scars may render it doubtful whether the plant
above deseribed should be placed in the genus Caulopleris or in Stem-
matopleris: bub it appears most nearly allied to the former. The
genus is at present, of course, a provisional one; but L have thought
it only justice to the diligent labours of Mr. Lockwood to name
this eurious and interesting {ossil Cawlopteris Lockwonds.

I have elsewhere remarked on the fact that trunks, and petioles,
and pinnules of ferns are curiously dissociated in the Devonian beds
—an effect of water-sorting, characteristic of a period in which the
conditions of deposition were so varied. Another example of this
is, that in the sandstones of Gaspé Bay, which have not as yet af-
forded any example of fronds of ferns, there are compressed trunks,
which Mr. Lockwood’s specimens allow me at least to conjecture
may have belonged Lo tree-ferns, although none of them are sufli-
cienfly perfect for deseription.

Mr. Liockwood's collection includes specimens of Psaronius fer-
filis ; and in addition fo these there are remains of ereel slems some-
what different in character, yeb possibly belonging to the higher parts
of the same species of tree-fern.  One of these is a stem erushed in
such a manner that it dees not exhibit its form with any distinetness,
but surrounded by smooth, eylindrical roots, radiating from it in
bundles, proceeding at firsh horizontally, and then curving down-
ward, and sometimes terminating in rounded ends. They resemble
in form and size the atrial roots of Psoronius Frianus ; and I believe
them to be similar roots from a higher part of the stem, and some
of them young and not prolonged sufficiently far to reach the ground.
This specimen would thus represent the stem of P Erianus at a
higher level than those previously found. We ean thus in imagina-
tion restore the trunk and crown of this onee graceful tree-fern,
though we have not the detail of its fronds. Mr. Lockwood’s
colleetions also contain a specimen of the large fern-petiole which
I have named Rhachioplerds punctate. My original specimen
was obtained by Prof. Hall from the same horizon in New York

* The genus to which the well-known Cyclopteris (Adinndifes) Hiber-
wicus of the Devonian of Ireland belongs.
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That of Mr. Lockwood is of larger size, but retains no remains of the
frond. It must have belonged to a species quite distinet from Cau-
lopterds Loekwoodd, but which may, like it, have been a tree-fern,

2. Caulopteris antiqua, Newherry.—This is a flattencd stem, on
a slab of limestone, containing Brachiopods, Trilobites, &e., of the
Corniferons limestone. It is about eighteen inches in length, and
three and a half inches in average breadth, The exposed side shows
about twenty-two large leaf-scars arranged spirally. Each leaf,
where broken off, has left a rough fracture; and above this is a
semicireular impression of the petiole against the stem, which, as
well as the surface of the bases of the pefioles, is longitudinally
striated or tuberculated. The structures are not preserved, but
merely the oufer epidermis, as a coaly film, The stem altogether
mueh resembles Cawlopteris Peachir, but is of larger size. 1t differs
from (' Leckwoodi in the more elongated leaf-bases, and in the
leaves heing more remotely placed ; but it is evidently of the same
general character with that species,

3. Caulopteris (Protopteris) peregrina, Newherry,— This is a
much more interesting species than the last, as belonging to a ge-
nerie or subgenerie form not hitherto recognised below the Carbonif-
erous, and having its minute structure in part preserved.

The specimens are, like the Iast, on slabs of marine limestone of
the Corniferous formation, and flattened. One represents an upper
portion of the stem with leaf-sears and remains of petioles; another
a lower portion, with aérial roots, The upper part is three inches
in diameter, and about a foot in length, and shows thirty leaf-scars,
which are about three-fourths of an inch wide, and rather less in
depth. The upper part presents a distinet rounded and sometimes
double marginal line, sometimes with & slight: depression in the mid-
dle. The lower part is irregular, and when most perfect shows seven
slender vascular bundles, passing obliquely downward into the stem,
The more perfect leaf-bases have the structure preserved, and show
a delicate, thin-walled, oval parenchyma, while the vascular bundles
show scalariform vessels with short bars in several rows, in the man-
ner of many modern ferns, Some of the scars show traces of the
hippoerepian mark eharacteristic of Profopleris; and the arrange-
ment of the vascular bundles al the base of the scars is the same as
in that genus, as ave also the general form and arrangement of the
sears. On careful examination, the species is indeed very near to the
typieal . Sternbergii, as figured by Corda and Schimper*

* Corda, * Beitrige,” PL 48, copied by Schimper, PL B3,
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The genus Profopferis of Sternberg, though the original species
(P. punctata) appears as a Lepidodendron in his earlior plate (Plate
4), and as a Sigillaria (S, punetata) in Brongniart’s great work, is a
true tree-fern; and the structure of one species (P. Coffai) has heen
beautifully figuered by Corda. The species hitherto described are
from the Carboniferous and Permian.

The second specimen of this species represents a lower part of
the stem. It is thirteen inches long and about four inches in diam-
etier, and is covered with a mass of fattened atirial roots lying paral-
lel to each other, in the manner of the Psarenifes of the coal-forma-
tion and of P. Erignus of the Upper Trian or Devonian,

4. Asteropteris noveboracensis, gen. and sp. n.—The genus As-
teropteris is established for stems of ferns having the axial portion
composed of vertical radiating plates of scalariform tissue embedded
in parenchyma, and having the outer eylinder com posed of elongated
cells traversed by leaf-bundles of the type of those of Zygopteris.

The anly species known to me is represented by & stem 245 cen-
timetres in diameter, slightly wrinkled and pitied externally, per-
haps by traces of atrial roots which have perished. The transverse
section shows in the centre four vertical plates of scalariform or im-
perfectly reticulated tissue, placed af right angles to each other, and
united in the middle of the stem. At a short distance from the
centre, each of these plates divides into two or three, so as Lo form
an axis of from ten to twelve radiating plates, with remains of cellu-
lar tissue filling the angnlar interspaces. The greatest diameter of
this axis is about 15 centimetre. Exterior to the axis the stem con-
sists of elongated cells; with somewhat thick walls, and more dense
toward the cireumference. The walls of these cells present, g eurious
reticulated appearance, apparently caused by the eracking of (he
ligneous lining in consequence of contraction in the process of car-
bonization. Embedded in this outer cylinder are ahout twelve vas-
cular bundles, each with a dumb-bell-shaped group of scalariform
vessels enclosed in a sheath of thick-walled fibres. Each bundle is
opposite to one of the rays of the contral axis. The specimen shows
ahout; two inches of the length of the stem, and is somewhat bent,
apparently by pressure, at one end,

This stem is evidenlly that of a small tree-fern of a type, so
far as known to me, not before deseribed,* and constituting a vory
complex and symmetrical form of the group of Palasozoic ferns allied
W e e~ "

* Prof. Williamson, to whom T have sent a tracing of the structure,
agrees with me that it is new.
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to the genus Zygopleris of Schimper. The central axis alone has a
eurions resemblinee to the peculiar stem deseribed by Unger (* De-
vonian Flora of Thuringia™) under the name of Cladoxzylon miro-
Bile ; and it is just possible that this latter stem may be the axis
of some allied plant. The large airial roots of some modern free-
ferns of the genus Angiopteris have, however, an analogous radiating
strueture,

The specimen is from the collection of Berlin H. Wright, Esq.,
of Penn Yan, New York, and was found in the Portage group (Upper
Frian) of Milo, New York, where it was associated with large petioles
of ferns and trunks of Lepidodendra, probably L. Chemungense and
L, primenin.

The occurrence of this and other stems of tree<ferns in marine
heds hag recently heen illustrated by the observation of Profi A,
Agassiz that considerable guantities of vegetable matter can be
dredued from great depths in the sea on the leeward side of the
Caribbean Tslands, The eceurrence of these frunks further connects
iteelf wilh the great abundance of lavge petioles (Rhachiopteris) in
the same beds, while the rarity of well-preserved fronds is explained
by the eoarseness of the beds, and also by the probably long macera-
tion of the plant-remains in fhe sea-water,

In connection with this T may refer to the remarkable facts re-
cently stated by Williamson * respecting the stems known as Hefe-
rangiun and Lyginodendron. 1t would seem that these, while having
strong exogenous peenliarities, are really stems of tree-ferns, thus
placing this family in the same position of advancement with the
Liycopods and Hguisetacer of the Conl period.

IV.—Ox lrray Trecs or mHr Gexus Dapoxyrow, UNGER.
(Araveariies of Goppert, Aravcariorylon oF Krauvs.)

Large woody trunks, earbonised or silicified, and showing wood-
cells with hexagonal areoles having oval pores inseribed in them,
occur abundantly in some beds of the Middle Erian of America, and
congtitute the most common kind of fossil wood all the way to the
Trias. They have in the older formations, generally, several rows
of pores on each fibre, and medullary rays composed of two or more
serios of colls, but become more simple in these respects in the Per-
mian and Triassic series.  The names Araucarites and Arausariory-
lon are perhaps objectionable, inasmuch as they suppose affinities to
Araucaria which may not exist. Unger's name, which 1s non-

# « Proceedings of the Royal Society,” January 6, 1887.
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committal, iz therefore, T think, {o be preferred, In my “ Acadian
+ Geology,” and in my “Report on the Geology of Prince Edward
Island,” 1 have given reasons for believing {hat, the foliage of some
ab least of these trees was that known as Walehie, and that they may
have borne nutlets in the manner of Taxine trees ( Prigonoewrpun,
&e).  Grand d’Hury has recently suggested that some of them may
have belonged to Cordadfes, or to plants ineluded in that somewhat
varied and probably artificial group.

The earliest discovery of {rees of this kind in the Erian of
Americs was that of Matthew and artt, who found large trunls,
which 1 afterwards deseribed as Dadowylon Ouangondianum, in the
Hirian sandstone of S8t John, New Brunswick, hence named by those
geologists the “ Dadoxylon sandstone” A little later, similar wood
was found by Prof. Hall and Prof. Newberry in the Hamillon group
of New York and Ohio, and the allied waod of the genus OQrmozylon
was oblained by Prof. Hall in the Portage group of the former
State, These woods proved to be speeifically distinet from that of
St. John, and were named by wme D. Halli, D. Newberryi, and Op-
maziylon Hrianwm. The three species of Dadoziyplon agreed in hav-
ing composite medullary rays, and would thus belong to the group
Palwozylon of Brongniart., In the ease of Ormoxzylon this character
could not be very distinetly ascertained, but the meduollary rays
appeared to be simple,

I am indebted {o Prof, J. M, Clarke, of Amherst College, Massa-
chusetts, for some well-preserved specimens of another species from
the Genesce shale of Canandaigua, New York. They show small
stems or branches, with a eellular pith surrounded with wood of
coniferous type, showing two to three rows of slit-formed, bordered
pores in hexagonal borders. The medullary sheath consists of
pseudo-sealariform and retienlated filwes; but the most remarkable
Teature of this wood is the structure of the medullary rays, which
are very frequent, but short and simple, sometimes having as few
as fonr cells superimposed.  This is a character not hefore obgerved
in goniferous trees of so great age, and allies this Middle Erian
form with some Carboniferous woods which have been supposed 1o
belong to Cordeites or Stgillaria, Tn any ease this structure is new,
and 1 have named the species Dadowylon Olarkii, after its discoverer.
The specimens oceur, according to Prof, Clarke, in a ealearcous layer
which is filled with the minute shells of Styliola fissurelia of Hall,
believed to be a Pteropod; and eontaining also shells of Gontatites
and Gyroceras.  The stems found ave ouly a few inches in diameter,
but may be branches of larger trees;

1L
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It thus appears that we already know five species of Coniferous
trees of the genus Dadoxylon in the Middle Trian of America, an
interesting confirmation of the facts otherwise known as to the
great richness and variety of this ancient flova. The late Prof.
Goeppert informed me that he had recognised similar wood in the
Devonian of Germany, and there ¢an he no doubt that the fossil
wood discovered by Hugh Miller in the 0ld Red Sandstone of Scot-
land, and described hy Salter and MeNab, is of similar character, and
probably belongs to the genus Dadezylon. Thus this type of Conif-
erous free seems to have been as well established and differentiated
into species in the Middle Devonian us in the succeeding Carbonif-
erous,

I may here refer to the fact that the lower limit of the trees of
this group coineides, in Americn, with the upper limit of those prob-
lematical trees which in the previous chapter T have named Proto-
gens (Nematophyton, Celtulozlyon,* Nematoxylont), though Apo-
roaylon of Unger extends, in Thuringia, up to the Upper Devonian
(Cypriding schists).

V.—Seorrisy DuvoNiaxy Prants oF Huers MILLER AND OTHERS,
(Edinburgh Geological Society, 187%.)

Previously to the appesrance of my deseriptions of Devonian
plants from North America, Hugh Miller had described forms from
the Devonian of Scotland, similar to those for which I proposed the
generic name Pstloplydon ; and T referred to these in this connection
in my earliest deseription of that genus.f He had also recognised
what seermed to be plants allied fo Lycopods and Conifers. Mr.
Peach and Mr, Duncan had made addilional discoveries of this kind,
and Sir J, Hooker and Mr. Salter had deseribed some of these re-
muins, More recently Messrs, Peach, Carruthers, and MeNab have
worked in this field, and still later# Messrs, Jack and Etheridge
have summed up the facts and have added some that are new.

The first point to which I shall refer, and which will lead to the
other matters o be discussed. is the relation of the characteristic
Lepidodendron of the Devonian of eastorn America, L. Gaspianum,
ta L. nothwm of Unger and of Salter, At the time when T describod
this species 1 had not aceess to Seottish specimens of Lepidodendron

# ¢ Jonrnal of the Geologieal Society,” May, 1831,

¥ 18id., vol. xix, 1863,

3 “Journal of the Geological Society,” London, 1859,
# fbid., 1871,



THE ERIAN OR DEVONIAN FORESTS. 99

from the Devonian, but these had been well fizured and deseribed
by Salter, and had been identified with Z. nothum of Unger, a species
evidently distinct from mine, as was also that figured and described
by Salter, whelher identical or not with Unger’s species. In 1870
I had for the first time an opportunity to study Scottish specimens
in the collection of Mr. Peach; and on the evidence thus afforded I
stated confidently that these specimens represented a species distinet
from L. Gaspianum, perhaps even generically s0.* It differs from
L. Gaspianum in ibs habit of growth by developing small lateral
branches instead of bifurcating, and in its folinge by the absence or
obsolete character of the leaf-buses and the closely placed and some-
what apipressed leaves, LE an appearance of swelling at the end of a
lateral branch in one specimen indicates a strobile of fructification,
then its fruil was not dissimilar from that of the Canadian species
in its position and general form, though it may have differed in
details, On these grounds T declined to identify the Scottish species
with L. Gaspianum. The Lepidodendron from the Devonian of
Belginm deseribed and figured by Crepin,{ has a better elaim to such
identification, and would seem to prove that this species existed in
Burope as well as in Ameriea. T also saw in Mr. Peach’s collection
in 1870 some fragments which seemed to me distinet from Salter’s
species, and possibly belonging lo L. Gaspianum.}

In the earliest deseription of Psiloplylon T recognised its prob-
able generic affinity with Miller's © dichotomous plants,” with Salter’s
“rootlets,” and with Goepperl’s Haliserites Dechentanus, and stated
that T had “little doubt that materials exist in the 01d Red Sand-
stone of Seotland for the reconstruetion of at least one species of
this genus,” Since, however, Miller’s plants had been referred to
coniferous roots, and to fucoids, and Goeppert’s Haliserites was
name applicable anly to fucoids, and sinee the structure and fruif
of my plants placed them near to Liyropods, T was under the neces-
sity of giving them a special generie name, nor eould I with cor-
tainty affirm their specific identity with any European species. The
comparison of the Scottish specimens with woody rootlels, though
incorreet, is in one respect creditable to the scumen of Salter, as in
almost any state of preservation an experienced eye ean readily per-
ceive that branchlets of Psilophyton must have been woody rather
2t o e SRR

* “Report on Devonian Plants of Canada,” 1871,

1 “Obgervations sur quelques Plantes Fossiles des dépdts Devoni-
ens,”

1 “Procecdings of the Geological Society of London,” March, 1871,
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than herbaceous, and their appearance is gquite different from that
of any true Algw,

The type of Pstlophylon is my P. princeps, of which the whole
of the parts and structures are well kmown, the entire plant being
furnished in abundance and in &/fw in the rich plani-beds of Gaspé.
A second species, P, robustius, has also afforded well-characterised
fractifieation. P elegans, whose fruit appears as “oval seales,” no
doubt hore sac-like spore-cases resembling those of the other species,
but in a different, position, and perfeetly flattened in the specimens
procured. The only other Canadian species, P. glabrum, being some-
what different in appearance from the others, and not having af-
forded any fructification, must be regarded as uncertain.

The generie characters of the first three species may be stated as
follows:

Stems dichotomous, with rudimentary subnlate leaves, sometimes
ohsolete in terminal branchlets and fertile branches; and in decor-
tieated specimens represented only by punectiform sears. Young
branches cireinate. Rhizomata eylindrical, with eireular root-
areoles. Internal structure of stem, an axis of sealariform vessels
enclosed in a sheath of imperfect woody tissne and covered with a
cellular bark more dense externally. Truif, naked sae-like spore-
cases, in pairs or elusters, terminal or lateral,

The Scottish specimens conform to these eharacters in so far as
they are known, but not having as yef afTorded fruit or infernal
structure, they eannot be specifically determined with certainty.
More complete specimens should be carefully searched for, and will
no doubt be found.

In Belgium, M. Crepin has deseribed a new species from the
Upper Devonian of Condroz under the name P Condrusianum
(1875). It wants, however, some of the more important characters of
the genns, and differs in having a pinnate ramification, giving it the
aspect of & fern, In a later paper (1876) the author considers this
species distinet from Psilophyton, and proposes for it a new generie
name Rhacophyton.

The characters given by Mr. Carruthers, in his paper of 1873, for
the species P. Dechenianum, ave very few and general: “Lower
branches short and frequently branching, giving the plant an oblong
eircumseription.” Yet even these characters do not apply, so far as
known, to Miller’s fueoids or Salter’s rootlets or Goeppert’s Halise-
rifes. They merely express the peculiar mode of branching already
referred to in Salter’s Lepidodendron nothwm. The identification of
the former plants with the Lepidodendron and Lycopadites, indeed,
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resisonly on mere juxtaposition of fragments, and on the slight resem-
biance of the decorticated ends of the branches of the latter plants
to Dsilophylon. 1& is contradicted by the obtuse ends of the
branches of the Lepidodendron and Lycopodites, and by the appar-
ently strobilaceous termination of some of them,

Sulter’s deseription of his Lepidodendiron nothum is quite defi-
nite, and accords with specimens placed in my hands by Mr. Peach :
“Btems half an ineh broad, tapering little, branches short : sel on at
an acute angle, blunt at their terminations. Teaves in seven to ten
rows, very short, not a line long, and rather spreading than closely
imbricate.” These characters, howeyer, in so far as they go, are
rather those of the genus Lycopodites than of Lepidodendron, from
which this plant differs in wanting any distinet leaf-bases, and in its
short, erowded leaves. 1t is to be observed that they apply also to
Salter’s Lyeopodifes Milleri, and that the difference of the foliage
of that species may be a rvesult merely of different state of preser-
vation, Hor these reasons I am disposed to place these two sap-
posed species together, and to retain for the species the name
Lycopodites Millerd. Tt may be cheracterised by the description
above given, with merely the modification that the leaves are some-
fimes nearly one-third of an inch long and seeund (Fig. 1%, supra.
lower figure),

Decorticated branches of the above species may no doubt be mis-
taken for Psilophyton, bul are nevertheless quite distinet from it, and
the slender branching dichotomous stems, with terminations which,
us Miller graphically states, are “like the tendrils of a pes,” are too
characteristic to be easily mistaken, even when neither fruit nor
leaves appear. With reference to fructifieation, the form of 7.
Milleri venders it certain that it must have borne strobiles st the
ends of its branchlets, or some substitute for these, and not naked
spore-cases like those of Psilophydon.

The remarkable fragment communicated by Sir Philip Egerton
to Mr, Carruthers,* belongs to a third group, and has, I think, been”
quite misunderstood. T am enabled to make this statement with
some confidenee, from the fact that the reverse or counterpart of Sir
Philip’s specimen was in the collection of Sir Wyville Thomson, and
was plaged by him in my hands in 1870. Tt was noticed in my
Paper on “ New Devonian Plants,” in the * Journal of the Geologi-
cal Society of London,” and referred to wy genus Pilophyton, as
stated above under Section 1L, page 86 ef s6q.

# & Journal of Botany," 1873,
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Mr. Salter deseribed, in 185%,* fragments of fossil wood from tha
Seottish Devonian, having the structure of Dadosylon, though very
imperfectly preserved ; and Prof, MeNab has proposed t the generic
name Palwopifys for another specimen of coniferous wood eollected
by Hugh Miller, and referred to by him in the © Testimony of the
Rocks.,” From Prof. MeNab's description, 1 should infer that this
wood may, after all, be generically identical with the woods usually
referred to Dadozylon of Unger (Araucarioxylon of Krans). The
description, however, does not mention the number and disposition
of the rows of pores, nor the structure of the medullary rays, and I
have not been able to obtain aceess to the specimens themselves. T
have described five species of Dadoxylon from the Middle and Up-
per Erian of Ameriea, all quite distinet from the Lower Carbonifer-
ous species, There is also one species of an allied genus, Grmoxylon
All these have been carefully figured, and it is much to be desired
that the Scottish specimens should be re-examined and compared
with them,

Messrs, Joek and Etheridge have given an excellent summary
of our present knowledge of the Deyonian flora of Seotland, in the
Journal of the London Geological Society (1877). TFrom this it
would appear that species referable {o the genera Calamites, Lepi-
dodendron, Lycopodites, Psilophyton, Arthrostigma, Archeopleris,
Caulopteris, Palwopitys, Arvaucarioxylon, and Stigmaria have been
recognised.

The plants described by these gentlemen from the Old Red
Sandstone of Callender, I should suppose, from their figures and
descriptions, to belong to the genus Awlhrostigma, rather than to
Pailophyton. T do not attach any importance o the suggestions re-
ferred to by them, that the apparent leaves may be leaf-bases. Long
leaf-bases, like those characteristic of Lepidafloyos, do not oceur in
these humbler plants of the Devonian. The stems with delicate
*horizonfal processes” to which they refer may belong to Plilophy-
ton or to Pinnularia.

In conclusion, I need scarcely say that I do not share in the
doubts expressed by some British palaontologists as to the distinet-
ness of the Devonian and Carboniferous floras. In eastern Ameries,
where these formafions are mutually unconformable, there is, of
course, less room for doubt than in Ireland and in western Ameri-
ca, whers they are stratigraphically continucus. Still, in passing

* & Journal of the London Geological Society.”
 “Transactions of the Edinburgh Botanical Society,” 1870,
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from the one to the olher, the species are for the most part differ-
ent, and new generic forms are met with, and, as I have elsewhere
shown, the physical condilions of the two periods were essentially
different.®

1t is, however, to be observed that sinee—as Stur and others have
shown— Clalamites radiatus, and other forms distinetively Devonian
in Ameriea, oveur in Burope in the Lower Carboniferous, it is not
unlikely that the Devonian flora, like that of the Tertiary, appeared
earlier in America. It is also probable, as T have shown in the “ Re-
ports ” already referred to, that it appeared earlier in the Axetie than
in the temperate zone, Hence an Aretic or American flora, really
Devonian, may readily be mistaken for Lower Carboniferous by a
botanist basing his ealeulations on the fossils of temperate Europe.
Even in America ifself, it would appear, from recent discoveries in
Virginia and Ohio, that certain Devonian forms lingered longer in
those regions than farther to the northeast;+ and it would not be
surprising if similar plants occurred in later beds in Devonshire or
in the south of Europe than in Scotland. Still, these facts, properly
understood, do not invalidate the evidenee of fossil plants as to
geological age, though errors arising from the neglect of them are
stilll eurrent.

VI1.—GroLoGicAL RELATIONS OF SOME PLANT-BEARING BEDS OF
Eagrery Canapa, (¢ Report on Erian Plants,” 1871.)

The Gaspé sandstones have been fully deseribed by Sir W, E.
Liogan, in his “ Report on the Geology of Canada,” 1863. He there
assigns to them & thickness of seven thousand and fthirty-six feet,
and shows thati they rest eonformably on the Upper Silurian lime-
stones of the Lower Helderberg group (Ludlow), and are in their
turn overlaid uneonformably by the conglomerates which form the
base of the Carboniferous rocks of New Brunswiclk. T shall add
here merely a few remarks on points in their physical character
eonnected with the oceurrence of plants in them,

Protolawiles (Nematophyton) Logani and other characteristic
Lower Erian plants occur in the base of the sandstones at Little
Gaspé. This fact, along with the oceurrence, as stated in my paper
of 1863, of rhizomes of Psilophyion preserving their scalariform

* “Reports on Devonian Plants and Lower Carboniferous Plants of
Canada.”

+ Andrews, “ Palmontology of Ohio,” vol. i, ; Meek, “ Fossil Plants
from Western Virginia,” Philosophical Socicty, Washington, 1874,
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structure, in the upper part of the marine Upper Silurian lime-
stones® proves the flora of the Devonian rocks to have had its
beginning at least in the previous geological period, and to charac-
terise the lower as well as the upper beds of the Devonian series, In
this connection I may state thal, from their marine fossils, as well
as their stratigraphieal arrangement, Sir W. E. Logan and Mr.
Billings regard the lower portions of the Gaspé sandstones as the
equivalents of the Orislany sandstone of New York. Ou the other
hand, the great thickness of this formation, the absence of Lower
Devonian fossils from its upper part, and the resemblance of the
upper heds to these of the newer members of the Devonian else-
where, render it probable that the Gaspé sandstones, though defi-
cient in the calearcous members of the system, seen farther to the
westward, represent the whole of the Deyvonian period.

The Gaspé sandsfones, as their name imports, are predominantly
avenaeeons, and often coavsely so, the sandstones being frequently
composed of large grains and studded with quartz-pebbles. Grey
and buff are prevalent colours, but red beds also ocenr, more espe-
cially in the upper portion, There are also interstratified shaly
heds, sometimes oecurring in groups of considerable thickness, and
associated with fine-grained and laminated argillaceous sandstone,
the whole having in many places the lithological aspect of the coal-
measures. At one place, near the middle of the series, there is a
bed of coal from one inch to three inches in thickness, associated
with highly bitumineus shales abounding in remains of plants, and
also containing fragments of crustaceans and fishes (Plerygotus,
(tenacanthus ? &e). The beds eonnected with this coal are grey
sandstones and grey and dark shales, much resembling those of the
ordinary coal formation. The coal is shining and laminated, and
both its roof and floor consist of laminated bituminons shale with
fragments of Psilaphyfon. It has no true under-clay, and has been,
[ helieve, a peaty mass of rhizomes of Psilophyton. 1t oceurs near
Tar Point, on the south side of Giaspé Bay, a place so named from
the oceurrence ol a thick dyke of trap hoelding petroleum in its
cavities. The coal is of considerable horizontal extent, as in its line
of strike a similar bed has been discovered on the Douglas River,
abount four miles distant. It has nob been recognised on the north

* Phe marine fossils of these beds have been determined by Mr.
Billings, They are Upper Silurlan, with an intermixture of Lower Devo-
nian in the upper part. Fragments of Namotophyton ocear in beds of
the snme age in the Bay des Chaleurs, at Cape Bon Ami.
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side of the bay, though we find there beds, probably on very nearly
the same horizon, holding Psilophyton in situ,

Asan illustration of one of the groups of shaly beds, and of the
oecurrence of roots of Psilophyfon, 1 may give the following sec-
tional list of beds seen near ¢ Watering Brools,” on the north shore
of the bay. The order is descending:

1. Grey sandstones and reddish pebbly sandstone of great o
et s T S B et B M e
i B el o N R e A S S e e SR 8 0
5. Grey shales with stems of Psifophylon; very abundant
but badly preserved... e — 0 3
4. Grey incoherent elay, sthenmcled ﬂ.ud \nth mfmy
rhizomes and roots of Psilophyton............. 0 3
5. Hard grey clay or shale, with fragments and roots of
i S B e e e
6. HedBhale: (oo sl s tac e siya e sa e g 8 0
7. Grey and reddish e¢rmmbling sandgtone............,

Groups of beds similar to the abave, but frequently much more
rich in fossils, aecur in many parts of the section, and evidently in-
clude fossil soils of the nature of under-clays, on which litile else
appears to have grown than a dense herbage of Psilophylon, along
with plants of the genus drlifrostigmao.

In addition to these shaly groups, there are numerous examples
of beds of shale of small thickness included in coarse sandstones,
and these beds often oceur in defached fragments, as if the rem-
nants of more continuous layers partially removed by currents of
water, Th is deserving of notice that nearly all these patches of
shale are interlaced with roots or stems of Psilophyton, which some-
times project beyond their limits into the sandstone, as it the vege-
table fibres had preserved the clay from removal. In short, these
lines of patches of shale seem to be remmnants of soils on which
Psilophyton has flourished abundantly, and which have been par-
tially swept away by the currents which deposited the sand., Some
of the smaller patches may even be fragments of tough swamp soils
interwoven with roots, drifted by the agency of the waves or possibly
by ice; such masses are offen moyed in this way on the borders of
modern swamps on the sea-coast,

The only remaining point connected with local geology to which
T shall allude is the admirable facilities afforded by the Gaspé coast
both for aseertaining the true geological relations of the beds, and
for studying the Devonian plants, as distinetly exposed on large sur-
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faces of rock, On the coast of the river St. Lawrence, at Cape
Rozier and its vieinity, the Lower Silurian rocks of the Quebec
group are well exposed, and are overlaid nnconformably by the mas-
sive Upper Silurian limestones of Cape Gaspé, which rise into eliffs
six hundred feel in height, and can be seen filled with their char-
acteristie fossils on both sides of the cape. Resting upon these, and
dipping at high angles toward Gaspé Bay, are the Devonian sand-
stones, which are exposed in rugged eliffs slightly oblique to their
line of strike, along a coasi-line of ten miles in length, to the head
of the bay. On the opposite side of the bay they reappear; and,
thrown into slight undulations by three anticlinal curves, oceupy
a line of eoast fiftcen miles in length. The perfect manner in which
the plant-hearing beds are exposed in these fine natural sections may
serve to account for the completeness with which the forms and
habits of growth of the more abundant species ean be described.

In the Bay des Chaleurs, similar rocks exist with some local
variations, In the vieinity of Camphellton are caleareons and mag-
nesian breeein or agglomerate, hard shales, conglomerates and sand-
stones of Lower Devonian age. The agglomerate and lower shales
contain abundant remains of fishes of the genera Cephalaspis, Coc-
costeus, Clenaeanthus, and Homacanthus, and also fragments of
Plerygotus.  The shales and sandstones abound in remains of Peilo-
phylon, with which are Nemafoplyton, Arthrostigma, and Leplo-
phiewm of the same species found in the Lower Devonian of Gaspé
Bay. These beds near Campbellton dip to the northward, and the
Restigouche River here occupies a synclinal, for on the epposite side,
at Bordeaux Quarry, there are thick beds of grey sandstone dipping
to the southward, and containing large silicified trunks of Profo-
tazites, in addilion fo Pstlophyton. These beds are all undoubtedly
Liower Erian, hut farther to the eastward, on the north side of the
river, there are newer and overlying strata. These are best seen ab
Seaumenae Bay, opposite Dalhousie, between Cape Florissant and
Maguacha Foint, where they consist of laminated and fine-grained
sandstone, with shales of grey colours, but holding some reddish beds
at top, and overlaid uneonformably by a great thickness of Lower
Carboniferous red conglomerate and sandstone. Tn these beds nu-
merous fossil fishes have been found, among which Mr. Whiteaves
recognises specics of Plerichihys, Glyptolepis, Cheirolepis, &, With
these are found somewhat plentilully four species of fossil ferns, all
of Upper Erian types, of which one is peculiar to this locality; but
the others are found in the Upper Erian of Perry, in Maine, or in
the Catskill group of New York,
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In order that distinet notions may be econveyed as to the geo-
logical horizons of the species, T may state that the typical Devonian
or Hrian series of Canada and New York may be divided in descend-
ing order into—1. The Chemung group, including the Chemung and
Portage sandstones and shales. 2. The Hamillon group, including
the Genesee, Hamilton, and Marcellus shales. 8. The Corniferous
limestone and ifs associated beds, 4. The Oriskany sandstone. As
the Corniferous limestone, which is the equivalent of the Lower
Carboniferous limestone in the Carboniferous period, is marine, and
affords scarcely any plants, we may, as is usually done for like pur-
poses in the Carboniferous, group it with the Oriskany under the
name Lower Hrian, The IMamilton rocks will then be Middle Erian,
and the Chemung group Upper Erian. In the present state of our
knowledge, the series may be co-ordinated with the rocks of Gaspé,
New Brunswick, and Maine, as in the following table:

New Yerk Gaspd Bouthern Const
Subdivisions. and and Bay des New of
Western Canada.]  Chaleurs, Brunswick, Maine,
Upper Chemung Upper MispecGronp. | Perry Sand-
Devonian or Group. Sandstones. | Shale, Band- stones.
Erian. Long Cove,&e.| stone, and
Scauminae | Conglomer-
Beds. ate.
Middle Humilton Middle [LittleR.Group)
Devonian or Group. Sandstones. | (ineluding
Brian. Baois Brulé, Cordaite
Cape Oiseau, | Shales and
&e. Dadoxylon
Handstone).
Lower Corniferous Lower Lower Con-
Devonian or and Sandstfones, | glomerates,
Erian. Oriskany | Gaspé Basin, &e.
£romups. Little Guspé,
&e.
Camphellton
Beds,

It may be proper, before elosing this nate, to state the reasons

which hsve induced me to suggest in the following pages the use of
the term “ Irrax,” as equivalent to “ Devonian,” for the great sys-
tem of formations intervening between the Upper Silurian and the
Lower Carboniferous in America, 1 have been induced to adopt
this course by the following considerations: 1. The great area of
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undisturbed and unaltered rocks of this age, including a thickness
in some places of eighteen thousand feet, and extending from east
to west through the Northern States of the Union and western
Canada for nearly seven hundred miles, while it spreads from north
to gouth from the northern part of Michigan far info the Middle
States; is undoubtedly the most important Devonian aren now known
to geologists. 2. This area bas been taken by all American geolo-
gists as their typical Devonian region. It is rich in fossils, and
these haye been thoroughly studied and admirably illustrated by
the New York and Canadian Surveys, 3. The rocks of this area
surround the basin of Lake Brie, and were named, in the original
reports of the New York Survey, the “Eyie Division.” 4. Great
difficulties have been experienced in the claszification of the Euro-
pean Devonian, and the uncertainties thus arising have fended to
throw doubt on the resulfs obtained in America in cirenmstances in
which such diffieulties do not oceur.

These reasons are, I think, sufficient to warrant me in holding
the great Erie Division of the New York geologists as the typical
representative of the rocks deposited between the elose of the Upper
Silurian and the beginning of the Carboniferous period, and to use
the term Erian as the designation of this great series of deposits as
developed in America, in so far at least as their flora is concerned,
In doing so, I do not wish to introduce a new name merely for the
sake of novelty; but I hope to keep before the minds of geologists
the caution that they should not measure the Hrian formations of
Ameriea, or the fossils which they contain, by the comparatively
depauperated representatives of this portion of the geological scale
in the Devonian of western Europe,

VIL—Ox rae RELATIONS OF THE 80-CALLED “Unsi Stase” or
Brar Ispanp wrrn toE Paiwmozorr Frora or  Norrta
AMERTCA,

The following note is a verbatim copy of that published by me
in 1873, and the accuracy of which has now heen vindicated by the
recent observations of Nathorst :

The plants catalogued by Dr, Heer, and characterising what he
calls the * Ursa Stage,” arein part representatives of those of the
Amgerican flora whieh I have deseribed as the * Lower Carboniferous
Coal-Measures ” (Subearboniferous of Dana), and whose characteristic
speeies, as developed in Nova Seotin, I noticed in the “Journal of
the Geological Sociely ™ in 1858 (vol, xv.). Dr, Heer's list, however,
includes some Upper Devonian forms; and T would suggest that
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either the plants of fwo distinet beds, one Lower Carboniferous and
the other Upper Devonian, have been near to or in contaet with each
other and have been intermixed, or else that in this high northern
latitude, in which (for reasons stated in my * Report on the Devo-
nian Mora ™ *) I believe the Devonian plants to have originated, there
was an actual inlermixture of the two floras, In Americs, at the
base of the Carboniferous of Ohio, a transition of this kind seems
to oceur: but elsewhere in northeastern America the Lower Car-
boniferous plants are usually unmixed with the Deyonian.

Dr. Heer, however, proceeds to identily these plants with those
of the American Chemung, and even with those of the Middle De-
vonian of New Brunswick, as described by me—a conelusion from
which T must altogether dissent, inasmuch as the latter belong to
beds which were disturbed and partially metamorphosed before the
deposition of the lowest Carboniferous or “ Subcarbeniferous ™ beds.

Dr, Teer's ervor seems to have arvisen from want of acquaintance
with the rich flora of the Middle Devonian, which, while differing in
species, has mueh resemblance in its general facies, and especially in
its richness in ferns, to that of the coal-formation.

To geologists acquainted with the stratigraply and the aceom-
panying animal fossils, Dr. Heer's conclusions will of course appear
untenable ; but they may regard them as invalidating the evidence
of fossil plants; and for this reason it is, I think, degirable to give
publicity to the above statements,

1 consider the Dritish equivalent of the lower coal-measures of
eastern America to be the lower limestone shales, the Tieeedian
group of Mr, Tate (1858), bul which have sometimes been called the
s Caleiferous Sandstone ” (a name preoecupied for a Cambrian group
in America), This group does not constitute “hbeds of passage? to
the Devonian, more especially in eastern America, where the lower
conl-formation rests nnconformably on the Devonian, and is broadly
distinguished by its fossils.

The ahove notes would not have been extended to so great
length, but for the imporfance of the Hrian flora as the precursor
of that of the Carboniferous, and the small amount of attention
hitherto given to it by geoclogists and botanists.

#* ¢ (jeological Survey of Canada,” 1871



CHAPTER IV.

THE CARBONIFEROUS FLORA—CULMINATION OF THE
ACROGENS—IFORMATION OF COAT.

AscENDING from the Erian to the Carboniferous gys-
tem, so ealled because it contains the greatest deposits of
anthracite and bituminous coal, we are gtill within the
limits of the Palmozoic period. We are still within the
reign of the gigantic club-mosses, cordaites, and taxine
pines. At the close of the Erian there had been over
the whole northern hemisphere great changes of level,
accompanied by active voleanic phenomena, and under
these influences the land flora seems to have muech dimin-
ished. At length all the old Erian species had become
extinet, and their place was supplied by a meagre group
of lycopods, ferns, and pines of different species from
those of the preceding Erian. This is the flora of the
Lower Carboniferous series, the Tweedian of England,
the Horton series of Nova Scolia, the lower coal-meas-
ures of Virginia, the culm of Germany. But the land
again subsided, and the period of the marine limestone
of the Lower Carboniferous was introduced. In this the
older flora disappeared, and when the land emerged we
find it covered with the rich flora of the coal-formation
proper, in which the great tribes of the lycopods and
cordaites attained their maxima, and the ferns were con-
tinued as before, though under new generic and specific
formg,
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There is something very striking in this succession of
a new plant world without any material advance. It is
like passing in the modern world from one district to
another, in which we see the same forms of life, only
represented by distinet though allied species. Thus, when
the voyager crosses the Atlantic from Europe to Amer-
ica, he meets with pines,
oaks, birches, poplars,
and beeches of the same
genera with those he
had left behind ; but
the species are distinet,
It is something like this
that meets us in our as-
cent into the Carbonif-
erous world of plants.
Yet we know that this
is a succession in time,
that all onr old Erian
friends are dead and
buried long ago, and
that these are new forms ebodefy
el O G e o e o
32)_ fern (Moose River), &, Spheno legyl-

. W tum Sehlotheimdi (Pictou), e, Lepi-
Conveying ourselves, dodendron Mﬂm'aw((Sydney). ’d, i&-

in imaeination for- teraphyllites foliosa” (%) * (Rydney).
then, i S e, Chrdaites (Jogging).  f, i\’ewc{n—
ward to the time when f»er'z-soa!mrwiﬁ:"ﬂgﬁa, fern ~ (Sydney),
our greatest accumula- ?by dne;fﬂpfeﬂs subcunedta, fern

tionsof coal were formed,

and fancying that we arc introduced to the Ameri-
can or European continent of that period, we find our-
selves in a new and strange world. In the Devonian
age, and even in the succeeding Lower Carboniferous,
there was in the interior of America a wide inland sea,
with forest belts clinging to its sides or clothing its isl-
ands. But in the coal period this inland sea had given
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place to vast swampy flats, and which, instead of the oil-
bearing shales of the Erian, were destined to produce
thoge immensge and wide-spread acenmulations of vege-
tuble matter which constitute our present beds of bitu-

Fro. 83.—Segtllarim, restored,
Ay Sa‘g-imrrm Brownii.
B, Sigillaria eleguns,

minous and anthracite coal. The
atmosphere of these great swamps
is moist and warm. Their vege-
tation is most exuberant, but of
forms nnfamiliar to modern eyes,
and they swarm with insects,
millepedeg, and scorpions, and
with batrachian reptiles large
and small, among which we look
in vain for representatives of the
birds and beasts of the present
day.

Prominent among the more
gigantic trees of these swampy
forests are those known to us as
Sigillarie (Fig. 33). They haye
tall, pillar-like trunks, often sev-
eral feet in diameter, ribbed like
fluted columng, but in the re-
verse way, and spreading at the
top into a few thick bramches,
which are clothed with long,
grags-like leaves. They resem-
ble in some respects the Lepi-
dodendra of the Erian age, but
are more massive, with ribbed in-
stead of sealy trunks, and longer
leaves. If we approach one of

them more elogely, we are struck with the regular ribs of
its trunk, dotted with rows of scars of fallen leaves, from
which it receives its name Sigillaria, or seal-tree (Figs.
34-37). If we cut into its stem, we find that, instead of
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the thin bark and firm wood with which we are familiar
in our modern trees, it has a hard external rind, then a
great thickness of cellular matter with rope-like bands of
fibres, constituting an inner bark, while in the centre is
- a firm, woody axis of comparatively small diameter, and

Yra. 34 —Sigillaria Lorwayena, Diwson, @, Zones of fruit-sears. &, Leaf-
sear enlarged. ¢, Fruit-sear enlarred. Soe appended note.

gomewhat intermediate in its structures between that of
the Lepidodendra and those of the cycads and the taxine
conifers. Thus a great stem, five feet in diameter, may
consist principally of cellular and bast fibres with very

little true woody matter. The roots of this tree are
1
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perhaps its most singular feature. They usually start
from the stem in four main branches, then regularly
bifurcate several times, and then run out into great

Fra. 85.—Stem of Sigillaria
Brownei, reduced,

Fra. 36.—T'wo ribs of Sigillaria Brownii,

Natural size,

cylindrical cables, running for a long distance, and evi-
denfly intended to anchor the plant firmly in a eoft and

Fra. 87.—Portion of lower
art of stern of S. Brownii.
abural gize,

oozy 8oil. They were furnished
with long, eylindrical rootlets
placed regularly in a spiral man-
ner, and 2o articulated that when
they dropped off they left regu-
lar rounded sears. 'They are,
in short, the Stigmarie, which
we have already met with in
the Erian (Figs. 38, 89). In
Fig. 33 I have endeavoured to
restore these strange trees. It is
nob wonderful that such plants
have caused much botanical con-
troversy. It was long before bot-
anists could be convinced that
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their roots are properly roots at all, and not stems
of some aquatic plant, Then the structure of their

¥re. 38.—Stigmaria Toot, seen from above, showing ifs regular divigions.
From “ Acadian Geology."

stems is most puzzling, and their fruit is an enigma,
for while some have found connected with them cones
supposed to resemble those of
Iycopods, others attribute to
them fruits like those of yew-
trees. For years I have been
myself gathering materials from
the rich coal-formation deposits
of Nova Scotia in aid of the
solution of these questions, and
in the mean time Dr. Willigm-
son, of Manchester, and Renault
and other botanists in France, Gt | )
hayve heen amassing and study- i, Wil NN
ing stores of gpecimens, and it Fio, 89.—Portion of burl of
is still uncertain who may final- bl e Ly
ly be the fortunate discoverer

to set all controversies at rest. My present belief ig,
that the true solution consists in the fact that thero are
many kinds of Sigillarie. While in the modern forests
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of America and Europe the gpecies of any of our ordinary
trees, as oaks, birches, or maples, may almost be eounted
on one’s fingers, Schimper in his vegetable palzontology
enumerates about eighty species of Carboniferous Sigil-
lariee ; and while on the one hand many of these are so
imperfectly known that they may be regarded as uncer-
tain, on the other hand many species must yet remain to
be discovered.®* Now, in so vast a number of species
there mugt be a great range of organisation, and, indeed,
it has already been attempted to subdivide them into
several generie groups.  The present state of the question
appears to me to be this, that in these Sigillarie we have
a group divisible into several forme, some of which will
evenfually be classed with the Lepidodendra as lycopods,
while ofhers will be found to be naked-seeded phseno-
gamg, allied to the pines and eycads, and to a remarkable
group of trees known as Cordaites, which we mugt shortly
notice.

Before eonsidering other forms of Carboniferous vege-
tation, let us glance at the accumulation of coal, and the
agency of the forests of Sigillarie therein. Let us im-
agine, in the first instance, such trees as those represented
in the figures, growing thickly together over vast ewampy
flats, Wlth quantities of unr](,t'rrrow th of ferns and other
plants beneath their shade, and accumulating from age to
age in g moist soil and elimate a vast thickness of vege-
table monld and trunks of trees, and spores and spore-
cases, and we have the conditions necessary for the growth
of coal. Many years ago it was observed by Sir William
Logan that in the coal-field of South Wales it was the
rule with rare exceptions that, under every bed of coal,
there is a bed of clay filled with roots of the Stigmaria,
already referred to as the root of Sigillaria. This dis-

*In a recent memoir (Berlin, 1887) Stur has raised the number of
speciez in one subdivision of the Sigillarie (the Favularie) to forty-
geven!
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covery has gince been cxtended to all the coal-fields of
Furope and America, and it is a perfectly conclusive fact
as regards the origin of coal. Tach of these “under-
clays,” as they are called, must, in fact, have been a soil
on which grew, in the first instanece, Sigillariee and other
trees having stigmaria-roots. Thus, the growth of a
forest of Sigillari@ wag the first step toward the accumn-
lation of a bed of coal. More than this, in some of the
coarser and more impure coalg, where there hag been
sufficient earthy matter to separate and preserve impres-
gions of vegetable forms, we can see that the mass of the
coal is made up of flattened Sigillarie, mixed with vege-

pLaLell 4 SO
0 :
Fie. 40,—Vegetable tissues from eoal. e, Sigéllaric and Cordaites.
b, Calamodendron.
table débris of all kinds, including sometimes vast quan-
tities of lepidodendroid spores, and the microscopic study
of the coal gives similar results (Fig. 40). TFurther, on
the surfaces of many coals, and penetrating the shales or
pandstones which form their roofs, we find erect stumps
of sigillaria and other troes, showing that the accnmula-
tion of the coal terminated as it had begun, by a forest-
growth. I introduce here a section of a few of the nu-
merons beds of coal exposed in the cliffs of the South -
Joggins, in Nova Scotia, in illustration of these facts.
We can thus see how in the glowly subsiding areas of the
coal-swampg successive beds of coal were accumulated,
alternating with beds of sandstone and shale (Figs. 41,
42). TFor other details of this kind I must refer to
papers mentioned in the sequel.
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Returning to the more special subject of this work, T
may remark that the lepidodendroid trees and the ferns,
both the arboreseent and herbaceous kinds, are even more
richly represented in the Carboniferous than in the pre-
ceding Erian. I must, however, content myself with
merely introducing a few representatives of some of
the more common
kinds, in an ap-
pended note, and
here give a figure
of a well-known
Lower Carbonifer-
ouslepidodendron,
with its various
forme of leaf-bages,
and its foliage and
fruit (Fig. 438), and
a similar illustra-
tion of an allied
generic form, that
known as Lepidoe-
phloios* (Fig. 44).

Fra. 41.—DBeds associated with the main coal

(B. Joggins, Nova Scotin), 1, Shale and sand-
stone—plants with Spérordis attached ; rain-
marks (4). (2, Sandstone and shale, cight
feet—evect Culamites; 3, Gra sandstone,
Beven foet; 4, Gray shale, four fect—an erect
coniferous (1) tree, rooted on the shale, passes
up through fifteen foet of the sandstones and
shale.) 5, Gray sandstone, four tect, 6, Gray
shale, 8ix inches—prostrate nnd erecs trees,
with rootlets, lenves, Nuiadites, nnd Spirar-
6is on the Ip‘]anm. ]?, Main_coal-seam, five
faot of coal in two seams, 8, Underelay, with
rootlets.

Another group
which claims our
attention is that
of the Culamites.
These are tall, cy-
lindrical, branch-
less stems, with
whorls of branch-
lets, bearing needle-

like leaves and spreading in stools from the base, so as to
form dense thickets, like Bouthern cane-brakes (Fig. 46).
They bear, in habit of growth and fructification, a close

* For full deseriptions of these, see * Acadian Geology.”
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relation to our modern equisctums, or mare's-tails, but,
a8 in other cases we have met with, are of gigantic size
and comparafively ecomplex structure. Their stems, in
cross-section, show radi-
ating bundles of fibres,
like those of exogencus
woods, yet the whole plan
of structure presents some
curious resemblanees to
the stems of their hum-
ble successors, the mod-
ern mare’'s-tails. It would
seem, from the manner
in which dense brakes of
these Calamites have been
preserved in the coal-for-
mation of Nova Seotia,
that they gpread over low
and occasionally inun-
dated flats, and formed
fringes on the seaward :
sides of the great Sigillﬂ.— ¥io. 42.—Freet Sigillaria, standing
ria forests. In this way g‘é&ﬁ,ﬁf’“[’“m B
they no doubt contrib-
uted to prevent the invasion of the areas of coal ac-
cumnulation by the muddy waters of inundations, and
thus, though they may not have furnished much of the
material of coal, they no donbt contributed to its purity.
Many beautiful plants of the genera Asterophyllifes and
Annularie arc supposed to have been allied to the Cala-
mites, or to have connected them with the Rhizocarps.
The stems and fruit of these plants have strong points of
resemblance to those of Sphenophyllum, and the leaves
are broad, and not narrow and angular like those of the
true Calamites (Fig. 45).

No one has done more than my friend Dr. William-
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(N el AL = ST A “E,!" 5;
I'1e. 48.— Depidodendron corrugatum, Dawson, a tree characteristie of the
4, Restoration, s, Leuf, natural size. o, Cone
and branch. v, Branch and leaves. =, Yarious forms of leafareoles.
¥, Sporanmgium. 1, L, M, Bark, with leaf-scars. w, Burl, with leaf-
scars of old stem. o, Decorticated stem ( Knorria),
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3 droid tree of the
conl-formation. A, Restoration. =, Portion of bark S_tLiWO thirds natural

Fia. 44.—Lepidophioios Aeadianus,

Dawson, a lepidoden:
size). o, Ligneous surfuce of the same. ¥, Cone (twot! rds natural size),
o, Leaf (natural ai:mf. =, Portion of woody eylinder, showing outer and

inner series of vessels magnified. 1., Scalariform vessels (highly magni-
fled), m, Various forms of leni-sears and lenf-bases (natural gize).
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son, of Manchester, to illustrate the structure of Cala-
mites, and he has shown that these plants, like other
cryptogams of the Carboniferous, had mostly stems with
regular fibrous wedges, like those of exogens. The
strueture of the stem is, indeed, so complex, and differs
so much in different stages of growth, and different stutes
of preservation, that we are in danger of falling into the
greatest confusion in classifying these plants., Sometimes
what we call a Calamite is a mere cast of its pith showing
longitudinal strize and constrictions at the nodes. Some-

e )

Wic. 45— Asferaphyllites, Sphenoplyllum, and  Annuloria, &, Astero-
phyllites trinerne. 3, Teut enlarged. B, Annularic & henophiylioides.
B!y Leaf enlarged. o, Sphenophylivm srosum. o, lf,eaﬂet enlarged,
8, Realariform vessel of Splenophylium,. », Pinnularia rumosissima,
probably a root.

times we have the form of the outer surface of the woody
eylinder, showing longitudinal ribs, nodes, and marks of
the emisgion of the branchlets, Sometimes we have the
ouler surface of the plant covered with a smooth bark
showing flat ribs, or almost smooth, and having at the
nodes regular articulations with the bases of the verticil-
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late branchlets, or on the lower part of the stem the
marks of the attachment of the roots. The Calamites
grew in dense clumps, budding off from one another,
sometimes at different levels, as the mud or sand accumu-
lated about their stems, and in some
species there were creeping rhizomata ‘ f
or root-stocks (Figs. 46 to 49).

But all Calamites were not alike
in stroncture. In a recent paper*

Fig. 46, — Oulamiéss. ;
A, O Sueborii. B, Tro. 47.— Rreet (aln-  Fra. 48.—Node of O

¢. Cigtig. (From mites, with roots at- Clisted, with  long
“ Acadian  Geolo- tached (Nova Beo- leaves (Nova Seo-
27.7) tia). tia).

Dr. Williamson deseribes three distinet structural types.
What he regards as typical Calawmiifes has in its woody
zone wedges of barred vessels, with thick bands of cel-
lnlar tissue scparating them. A second type, which

* 4 Memoirs of the Philosophical Society,” Manchester, 1886-"87.
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he refers to Culamopitus, has woody bundles com-
posed of reticulated or multiporous fibres, with their
porous sides parallel to the medullary rays, which are
hetter developed than in the previous form. The inter-
vening cellular masses are composed of elongated cells.
This is a decided advance in structure, and is of the type
of those forms having the most woody and largest stems,

) ()
CE0) &

Fra. 49.—FErect Culamites (O, Sueckordi), showing the mode of growth of
new stems (h), and diffevent forms of the ribs (a, ¢). (Picton, Nova
Seotia.) Half natural size.

which Brongniart named Cwlomodendron (Uig. 50). A
third form, to which Dr. Willinmson secms to prefer to
assign this last name, has the tissue of the woody wedges
barred, ag in the first, but the medullary rays are better
developed than in the second. In this third form the
intermediate tissue, or primary medullary rays, is truly
fibroug, and with secondary medullary rays traversing it.
My own observations lead me to infer that there was a
fourth type of calamitean stom, less endowed with woody
matter, and having a larger fistulous or cellular cavity
than any of those deseribed by Dr. Williamson.

There is every reason to believe that all these various
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and complicated stems belonged to higher and nobler
types of mare’s-tails than those of the modern world, and
that their fructification was equisetaceous and of the
form known as Calamostachys.

We have already seen that noble tree-ferns existed in
the Erian period, and these were continued, and their
number and variety greatly extended, in the Carbonifer-
ous. In regard to the structure of their stems, and the
method of supporting these by aérial roots, the tree-ferns
of all ages have been nearly alike, and the form and
structure of the leaves, except in some comparatively rare
and excoptional types, has also been much the same.
Any ordinary observer examining a collection of coal-
formation ferns recognizes at once their kinship to the
familiar brackens of onr own fime. Their fructification
is, unfortunately, rarvely preserved, so that we are nob
able, in the case of many species, to speak confidently of
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Fra. 50.—Stems of Calomodendron and tissues magmified (Nova Seotia).
a, b, Cnsts of axis in sandstone, with woody envelope (reduced).

o, d, Woody tissue (highly mugn&fmd).
their affinities with modern forms ; but the knowledge of
this subject has been constantly extending, and a suffi-
ciont amount of information has been obtained to enable
us to say something as to their probable relationships.
(Figs. 51 to 55.)

The families into which modern ferns are divided are,
it must be conlessed, somewhat artificial, and in the case
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of fosgil ferng, in which the fructification is for the most
part wanting, it is still more so, depending in great part
on the form and venation of the divigions of the fronds.

Fra. 51.—Group of coal-formation forns. A, Odontopterds sulicunenta SBun-
bury). B, Newrapieria cordatu (Brongninrt), ¢, Alethopteris lonehitien
(Brongniart). D, Dictyopleris obligua {Bunbury). », Phyliopteris an-
tigua (Dawson), magnified ; xl, Naturl size. ¥, Newropleris cyelopte-
rovdes (Dawson ),

Of about eight families into which modern ferns are
divided, seven are found in a fossil state, and of these,
four at least, the Cyathacew, the Ophioglossew, the Hy-
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Fia, 53.—Cyelapteris (Aneimites) Acadica (Dawson), a tree-fern of the
Lower Cuarboniferons. «, Pinnules. &, Fragment of petiole. ¢, Re-
maing of fertile pinnules,
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menophyllaceee, and the Maratéiacee, go back to the coal-
formation.*

Some of these ferns have the more complex kind of
spore-case, with a jointed, elastic ring. Tt is to be ob-

Fia. 54.—8phenopteris latior, Dawson. Coal-formation. ¢, Pinnule
magnified, with traces of fructification.
served, however, that those forms which have a simple
spore-case, either netted or membranous, and without
annulas, are mogt common in the Devonian and lowest

Fre, 55.—Fructification of Palmozoic ferns. a, Theow of Archaopteris
(Erian). &, 'Theea of Senrtenbergia (Carboniferous). ¢, Thece of
Asterotheca (Curboniferous),

Carboniferous. Soma of the forms in these old rocks are
gomewhat difficult to place in the system. Of these, the

* Mr. R. Kidston has recently described very interesting forms of
fern fructification from the conl-formation of Great Britain, and much
has been done by European paleobotanists, and also by Lesquerenx and
Fontaine in Americn.



Fra, 56.—Tree-ferns of the Carboniferous, A, Mogaphyton magnificum,
Dawson, restored, B, Leal-sear of the same, two thirds natural size.
!, Row of leat-soars, reduced. o, Pulmopterds Hurtid, scars half natu-
rol size, b, Palwopteris Acadica, sears half natural size,
K
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species of Archaopteris, of the Upper and Middle Erian,
are eminent as examples. This type, however, scarcely
extends as high as the coal-formation.® Some of the
tree-ferns of the Carboniferous present very remarkable
features. One of these, of the genus Megaplylon, seems
to have two rows of great leaves, one at each side of the
stem, which was probably sustained by large bundles of
aérial roots (Fig. 56).

In the Carboniferous, as in the Erian, there are leaves
which have been referred to ferns, but are subjeet to
donbt, as possibly belonging to broad-leaved taxine trees
allied to the gingko-tree of China. One of these, repre-
gented in Fig. 57, has been
found in the coal-formation of
Nova Seotia, and referred to the
doubtful genus Noeggerathia.
Hontaine has proposed for simi-
lar leaves found in Virginia the
new generic name Suported.

Ferns, as might be inferred
from their great age, are at the
present time dispersed over the

r = whole world ; bul their head-
e O waggeralhia dper  quarters, and the regions to

which tree-ferns are confined,
are the more moist climates of the tropies and of the
southern hemisphere. The coal-swamps of the northern
hemisphere seem to have excelled even these favomred
regions of the present world as a paradige for ferns.

I have already stated that the Carboniferous consti-
tutes the headquarters of the Cordaites (Fig. 58), of which
a large number of specics have been described, hoth in

* The pretty litlle ferns of the genus Bofryehinm (moonwort), so
common in American and European woods, seem to be their nearest mod-
ern allies.
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Europe and America. We sometimes, though rarely,
find their stems showing structure. In this case we have
a large cellular pith, often divided by horizontal parti-
tions into flab chambers, and constituting the objects
which, when detached, are called Sternbergice (Fig. 62).
These Sternbergia piths, however, oceur in true coni-
fers as well, as they do
in the modern world
in some trees, like our
common butternut, of
higher type ; and I
showed many years ago
that the Sternbergia
type may be detected
in the young twigs of
the balsam -fir (Abies
balsamifere). The pith
was surrounded by a
ring of scalariform or
barred tissue, often of
considerable thickness,
and in young stems so
important as to have
snggested  lyeopodia-
ceous affinities. But as
the stem grew in size,
a regular ring of woody
wedges, with tissne hav-

- r hex- F16. 53.—Cordudtes ( Doryeordadtes)
ing rounded o 2 Grand’ Eury, reduced. :

agonal pores or dises,
like those of pines, was developed. Outside this was a
bark, often apparently of some thickness. This struct-
ure in many important points resembles that of cyeads,
and also approaches to the structure of Sigillaria, while
in its more highly developed forms it approximates to
that of the conifers.
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On the stems so comstructed were placed long and
often broad many-nerved leaves, with rows of stomata or
breathing-pores, and attached by somewhat broad bases
to the stem and branches. The fruit consisted of racemes,
or clusters of nutlets, which seem to have been provided

Fie, 50.—Fruits of Cordaites und Taxine Conifers (coal-formation, Nova
Beotin.) A, Antholithes equamosus (two thirds). B, A. rhaldocarpi
(two thirds). B!, Carpel restored. o, A. spinosus (natural size).
v, Trigonocarpum intermedivm, =, T. Noggerathii. v, T. avella-
num. 6, fhabdootrpus insignis, reduced. ™, Antholithes pygmmus.
v, Oardiocarpum. flustans. %, Cardiocarpum bwectum. 1, Sporangites
Ppapiliita, lycopodiaceous macrospores (uatural size and maznifled).
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with broad lateral wings for flotation in the air, or in
some cases With a pulpy envelope, which flattens into a
film. There secm to have been structures of both these
kinds, though in the state of preservation of these curious
seeds 1t is extremely difficult to distinguish them. In the
first case they must have been intended for dissemination
by the wind, like the seeds of spruces. In the latter cuse
they may have been disseminated like the fruits of taxine .
trees by the ageney of animals, though what these were
it would be difficult to guess. These trees had Very great
reproductive power, gince they produced numerons seeds,
not singly or a few together, as in modern yews, but in
long epikes or catkins bearing many sceds (Fig. 59).

It iz to be observed that the Cordaites, or the Cor-
daitine, as they have been called, as a family,* constitute
another of those intermediate groups with which we have
already become familiar. On the one hand they approach
closely to the broader-leaved yows like Gingko, Phyllo-
cladus, and Podocarpus, and, on the other hand, they
have affinities with Oycadaeem, and even with Sigillariae.
They were beautiful and symmetrical trees, adding some-
thing to the variety of the rather monotonous Palzo-
zoic forests. They contributed also somewhat to the ae-
cumulation of coal. I havefound that some thin beds are
almost entirely composed of their leaves, and the tissnes
of their wood are not infrequent in the mineral charcoal
of the larger coal-seams. There is no evidence that their
roots were of the stigmaroid type, though they evidently
grew in the same swampy flats with the Sigillariz and
Calamites.

1t may, perhaps, be well to say here that I believe
there was a considerably wide rango of organisation in the
Cordaitinge as well as in the Calamites and Sigillarie, and
that it will eventually be found that there were three lines

* Engler; Cordaitées of Renault.
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of connection between the higher eryptogams and the
ph®nogams, one leading from the lycopods by the Sigil-
larize, another leading by the Cordaites, and the third
leading from the Equisetums by the Calamites. Still
further back the characters afterward separated in the
club-mosges, mare’s-tails, and ferns, were united in the
Rhizoearps, or, as some now, but I think somewhat un-
reasonably, prefer to call them, the “ heterosporous Fili-
cing.” In the more modern world, all the connecting
links have become extinot and the phanogams stand
widely separated from the higher eryptogams. I do not
make these remarks in a Darwinian sense, but merely to
state what appear to be the lines of natural affinity and
the links wanting o give unity to the system of nature.
Of all the trees of the modern world, none are perhaps
go widely distributed ag the pines and their allies. On
mountain-tops and within the Aretic zone, the last trees
that ean struggle against the unfavourable conditions of
existence are the spruces and firs, and in the warm and
moist islands of the tropies they seem equally at home
with the tree-ferns and the palms. We have already seen
that they are a very ancient family, and in the sandstones
of the coal-formation their great trunksare frequently
found, infiltrated with calcareous or silicious matter, and
still retaining their strueture in the greatest perfection
(Fig. 60). So far as we know, the foliage of some of them
which constitutes the genera Walckie and Araucarites of
somo anthors (Figs. 60, 63) was not dissimilar from that
of modern yews and spruces, though there is reason to
believe that some others had broad, fern-like leaves like
those of the gingko. None of them, so far as yet cor-
tainly known, were cone-bearing trees, their fruit having
probably been similar to that of the yews (Fig. 61).
The minute sgtruetures of their stems are nearer to those
of the conifers of the islands of the southern hemisphere
than to that of those in our northern eclimes—a cor-
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Fia. 60.—Coniferous wood and foliage (Carboniferous). A, Araucarites
gracitis, reduced. B, ﬂmlm‘r?f!mgb_cicadi(&wm (mc%u_ﬂ), 90 diams, ;
Bt Sﬂnﬂ'entinl), 90 diams.; =% cell showing areolation, 230 diams,
0, Dadoxylon materiorivm (radigl), 00 dimns.; o (tangential), 90
diams. ; a* eell showing areolation, 950 diams. v, Dadezylon anti-
guiu (radial), 00 diams. ; D' (tangential), 90 diams.; 0% ccll showing
areolation, 250 digms,
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relation, no doubt, to the equable climate of the period.
There is not much evidence that they grew with the Si-
gillariee in the true coal-swamps, though some specimens
have been found in this association. It is more likely
that they were in the main inland and upland trees, and

M
LIl
Fia. 61.— Trigonocarpum Hookers, Daw- “! ‘wi
i som, from the coal-measures of Cupe [|§ '[][
7 Breton. Probably the fruit of a Tax- |.|lt’. i

ine tree. 4, Broken specimen magni-
fled twice natural size. B, Section magnified : a, the testa; 3, the tog-
men; ¢, the nueleus; d, the embryo. o, Portion of the surfuce of the
inner coat more higitly magnified.

that in consequence they are mostly known fo us hy
drifted trunks borne by river inundations into the seas
and estuaries.

A remarkable fact in connection with them, and show-
ing also the manner in which the most durable vegetable
structures may perish by decay, is that, like the Cordaites,
they had large piths with transverse partitions, a struct-



THE CARBONIFEROUS FLORA, 137

ure which, as I have already mentioned, appears on a
minute scale in the twigs of the fir-tree, and that some-
times casts of these piths in sandstone appear in a separate
form, constituting what have been named Sternbergie or
Artisie. As Renault well remarks with reference to
Cordaites, the existence of this chambered form of pith
implies rapid elongation of the stem, so that the Cordaites
and conifers of the coal-formation were probably quickly
growing trees (Fig. 62).

The same general statements may be made as to the
coal-vegetation as in relation to that of the Hrian. In

Fro, 62.—Sternbergis pith of Dedorylon. 4, Bpecimen (natural size),
showing remains of wood at @, . B, Junction of wood and pith; mug-
nified. 0, Cells of the wood of do., &, a; %, medullary my; e, areo-
lation.

the coal period we have found mome of the higher ex-
ogens, and there are only ohscure and uncertain indica-
tions of the presence of endogens, which we may reserve
for a future chapter ; but gymnosperms abound and are
highly characteristic. On the other hand, we have no
mosses or lichens, and very few Algwm, but a great num-
ber of ferns and Lycopodiacex or elub-mosses (Fig. 63).
Thus, the coal-formation period ig hotanically a meeting-
place of the lower phenogams and the higher eryptogams,
and presents many forms which, when imperfectly known,
have puzzled botanists in regard to their position in one
or other series. In the present world, the flora most akin
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to that of the coal period is that of warm, temperate re-
gions in the southern hemisphere. It is not properly a
tropical flora, nor is it the flora of a cold region, but
rather indicative of a moist and equable climate. Still,

we must bear in mind that we may often be mistaken in
reasoning as to the temperature required by extinct
species of plants, differing from those now in existence.
Further, we must not assume that the climatal conditions
of the northern hemisphere were in the coal period at all
similar to those which now prevail. As Sir Charles Lyell
has shown, a Jess amount of land in the higher latitudes
would greatly modify elimates, and there is every reason
to believe that in the coal period there was less land than
now. Further, it has been shown by Tyndall that a very
small additional amount of carbonic acid in the atmos-
phere would, by obstructing the radiation of heat from
the earth, produce almost the effect of a glass roof or con-
servatory, extending over the whole world. Again, there
is much in the structure of the leaves of the coal-plants,
a8 well as in the vast amount of earbon which they ac-
cumulated in the form of eoal, and the characteristics of

the animal life of the period, to indicate, on independent
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grounds, that the carboniferous atmosphere differed from
that of the present world in this way, or in the presence
of more carbonic acid—a substance now exigting in the
very minute proportion of one thonsandth of the whole—
a quantity adapted to the present requirements of vege-
table and animal life, but probably not to those of the
coal period.

Thus, if we inquire ag to any analogous distribution of
plants in the modern world, we find this only in the warm-
er insular climates of the southern hemisphere, where
ferns, lycopods, and pines appear under forms some-
what akin to those of the Carboniferous, but mixed with
other types, some of which are modern, others allied to
those of the next suceceding geological ages of the Meso-
zoic and Tertiary; and under these periods it will be
more convenient to make comparisons.

The readers of recent English popular works on geol-
ogy will have observed the statement reiterated that a
large proportion of the material of the great beds of bi-
tuminous coul is composed of the gpore-cases of Iyeopo-
diaceous plants—a statement gnite contrary to that re-
gulting from my microscopical examinations of the coal
of more than eighty coal-beds in Nova Scotia and Cape
Breton, as stated in ““ Acadian Geology” (page 463), and
more fully in my memoir of 1858 on the ¢ Structures in
Coal,” * and that of 1866, on the * Conditions of Ac-
cumulation of Coal.” ¢+ The reason of this mistake is,
that an eminent English naturalist, happening to find in
certain specimens of Tnglish coal a great quantity of re-
maing of gpores and spore-cases, though even in his speci-
mens they constitute only a small portion of the mass,
and being apparently unacquainted with what others had
done in this field, wrote a popular article for the * Con-
temporary Review,” in which he extended an isolated and

* ¢ Journal of the Geological Society,” vol. xv.  $ Ibid., vol. xxii.
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exceptional fact to all coals, and placed this supposed
origin of coal in a light so brilliant and attractive that he
has been followed by many recent writers. The fact is,
ag stated in “ Acadian Geology,” that trunks of Sigillarie
and similar trees constitute a great part of the denser
portion of the coal, and that the cortical tissues of these
rather than the wood remain as coal. But cortical or
epidermal tissues in general, whether those of spore-cases
or other parts of plants, are those which from their re-
sistance to water-soakage and to decay, and from their
highly earbonaceous eharacter, are best suited to the pro-
duction of eoal. In point of fuct, spore-cases, though
often abundantly present, constitute only an infinitesimal
part of the matter of the great coal-beds. In an article
in ““The American Journal of Science,” which appeared
shortly after that above referred to, I endeavoured to cor-
reet this error, though apparently without effect in go far
ag the majority of British geological writers are con-
cerned. Trom this article I have taken with little change
the following passages, as it is of importance in theoretical
geology that such mistakes, involving as they do the
whole theory of coal accumulation, should not continue
to pass current. The early part of the paper is occupied
with facts as to the occurrence.of spores and spore-cases as
partial ingredients in coal. Itsconclusions are as follows :

Lt is not improbable that sporangites, or bodies re-
sembling them, may be found in most coals ; but it
is most likely that their ocenrrence is accidental rather
than essential to coal accumulation, and that they are
more likely to have been abundant in shales and cannel
coals, deposited in ponds or in shallow waters in the vi-
cinity of lycopodiaceons forests, than in the swampy
or peaty deposits which constitute the ordinary coals.
It is to be observed, however, that the conspicuous ap-
pearance which these bodies, and also the strips and
fragments of epidermal tissue, which resemble them in
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texture, present in slices of coal, may ineline an observer,
not having large experience in the examination of coals,
to overrate their importance ; and this I think has been
done by most microscopists, especially those who have
confined their attention to slices prepared by the lapidary.
One must alzo bear in mind the danger arising from mis-
taking coneretionary accumnlations of bituminons matter
for gporangia. In sectiong of the bituminous shales ac-
companying the Devonian coal above mentioned, there
are many rounded vellow spots, which on examination
prove to be the spaces in the epidermis of Psilophyton
through which the vessels passing to the leaves were
emitted. To these considerations I would add the fol-
lowing, condensed from the paper above referred lo
(p- 189), in which the whole question of the origin of
coal is fully discussed :*

1. The mineral charcoal or ‘mother coal ” is obvionsly
woody tissue and fibres of bark, the struneture of the va-
rieties of which, and the plants to which it probably be-
longs, I have discussed in the paper above mentioned.

2. The coarser layers of coal gshow under the micro-
gcope a confused mass of fragments of vegetable matter
belonging to various descriptions of plants, and includ-
ing, but not usually in large quantities, sporangites.

3. The more brilliant layers of the coal are seen,
when separated by thin laminw of clay, to have on their
surfaces the markings of Sigillurie and other trees, of
which they evidently represent flattencd specimens, or
rather the bark of such specimens. Under the micro-
scope, when their structures are preserved, these layers
show cortieal tissues more abundantly than any others.

4. Some thin layers of coal consist mainly of flat-
tened layers of leaves of Cordaites or Pychnophyllwimn.

8. The Stigmaria underclays and the stumps of

* Bee also “ Acadian Geology,” 2d ed., pp. 188, 461, 493,
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Stgillaria in the coal-roofs equally testify to the accu-
mulation of coal by the growth of successive forests, more
especially of Sigillarie. There is, on the other hand, no
Decessary connection of sporangite-beds with Stigmarian
soils. Such beds are more likely to be accumulated in
water, and consequently to constitute bituminous shales
and cannels.

6. Lepidodendron and its allies, to which the spore-
cases in question appear to belong, are evidently much
less important to coal accumulation than Sigillaria, which
cannot be affirmed to have produced spore-cases similar
to those in question, even though the observation of
Goldenberg as to their fruit can be relied on ; the ac-
curaey of which, however, I am inclined to doubt,

Omn the whole, then, while giving due credit to those
who have advocated the spore-theory of coal, for directing
attention to this curious and no doubt important constit-
uent of mineral fuel, and admitting that I may possibly
have given too little attention to it, I must maintain that
sporangite-beds are exceptional among coals, and that
cortical and woody matters are the most abundant Ingre-
dients in all the ordinary kinds; and to this T cannot
think that the coals of England constitute an exeeption.

It is to be observed, in conclusion, that the spore-
cases of plants, in their indestructibility and richly ear-
bonaceous character, only partake of qualities common to
most guberous and epidermal matters, as I have explained
in the publications already referred to. Such epidermal
and cortical substances are extremely rich in earbon and
hydrogen, in this resembling hituminous coal. They are
alzo very little liable to decay, and they resist more than
other vegetable matters aqueous infiltration—properties
which have caused them to remain unchanged, and to
continue free from mineral additions more than other
vegetable tissues. These qualities are well seen in the
bark of our American white birch, Tt is no wonder that
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materials of this kind should constitute considerable
portions of such vegetable accumulations as the beds of
coal, and that when present in large proportion they
should afford richly bituminous beds. All this agrees
with the fact, apparcnt on examination of the common
coal, that the greater number of its purest layers consist
of the flattened bark of Sigiflarie and similar trees, just
as any single flattened trunk embedded in sghale becomes
a layer of pure coal. It also agrees with the fact that
other layers of coal, and also the cannels and earthy
bitumens, appear under the microscope to consist of
finely comminuted particles, principally of epidermal tis-
sues, not only from the fruits and spore-cases of plants,
but also from their leaves and stems. These considera-
tions impress us, just as much as the abundance of spore-
cages, with the immense amount of the vegetable matter
which has perished during the accumulation of coal, in
comparison with that which hag been preserved.

I am indebted to Dr. T. Sterry Hunt for the fol-
lowing very valuable information, which at once places
in a clear and preeise light the chemical relations of
epidermal tissue and spores with coal. Dr. Hunt SAYS :
“The outer bark of the cork-tree, and the cuticle of
many if not all other plants, consists of a highly car-
bonaceous matfer, to which the name of suferin has heen
given. The spores of Lycapodium also approach to this
substance in eomposition, as will be seen by the follow-
ing, one of two analyses by Duconi,* along with which
I give the theoretical composition of pure cellulose or
woody fibre, according to Payen and Mitscherlich, and
an analysis of the guberin of cork, from Quercus swber,
from which the ash and 25 per cent of cellulose have
been deducted.

* Liebig and Kopp, “ Jahreshuch,” 1947-"48,
t Gmelin, ** Handbook,” xv., 146,
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! Cork. | Lycopodium.

Ceallulose.
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‘‘This difference is not less striking when we reduce
the above centesimal analyses to correspond with the
formula of ecellulose, CyH, 04y, and represent cork and
Lycopodivm as containing twenty-four equivalents of
carbon. For comparison I give the composition of speci-
mens of peat, brown coal, lignite, and bituminous eoal :*

Oellloaales i iana o coveun oun 2 CuyTag040

510 e g R PR PN S R R CaHisy% 00
Lycopodiufm. .. voeee coviiiiinnnn.. CaHy s N Oy
Peat {Vaux) ....................... C‘N Hu}‘g(),u
Brown coal (Schrither), ............. CoHy %008
Lipnitte (VNS o o swas i vam s « 2 CooHy19%: 06
Bituminous coal (Regnault). .......... CusH10007%

“It will be seen from this comparison that, in ulti-
mate compogition, cork and ZLycopodium are nearer to
lignite than to woody fibre, and may be converted into
coal with far less loss of carbon and hydrogen than the
latter. They in fact approach closer in composition to
reging and fats than to wood, and, moreover, like those
substances repel water, with which they are not easily
moistened, and thus are able to resist those atmogpheric
influences which effect the decay of woody tissue.”

I would add to this only one further consideration.
The nitrogen present in the Lycopodium spores, no doubt,
belongs to the protoplasm contained in them, a substance
which would soon perish by decay ; and subtracting this,
the cell-walls of the spores and the walls of the spore-

* ¢ Canadian Naturalist,” vi., 253,
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cases would be most snitable material for the production
of bituminous coal. But this suitableness they share with
the epidermal tissue of the seales of strobiles, and of the
stems and leayves of ferns and lyeopods, and, above all,
with the thiek, eorky envelope of the stems of Sigillarie
and similar trees, which, ag I have elsewhere shown,*
from its condition in the progtrate and erect trunks con-
tained in the beds asgociated with coal, must have been
highly carbonaceous and extremely enduring and im-
permeable to water. Inshort, if, instead ol °“ spore-cases,”
we read “‘epidermal tissues in general, mcluding spore-
cases,” all that has been affirmed regarding the latter will
be strictly and literally true, and in accordance with the
chemical composition, microscopical characters, and mode
of oecurrence of coal. It will also be in accordance with
the following statement, from my paper on the ¢ Struct-
ures in Coal,” published in 1859 :

A gingle trunk of Sigillaria in an erect forest pre-
sents an epitome of a coal-seam. Its roots represent the
Stigmario. underelay 3 its bark the compact coal; its
woody axis the mineral charcoal ; its fallen leaves (and
fruits), with remains of herbaceous plants growing in its
shade, mixed with a little earthy matter, the layers of
coarse coal. The condition of the durable outer bark of
erect trees concurs with the chemical theory of coul, in
showing the especial suitableness of this kind of tissue for
the production of the purer compact coals. It is also
probable that the comparative impermenhility of the hark
to mineral infiltration is of importance in this respect.
enabling this material to remain unaffected by causes
which have filled those layers, eonsisting of herbaceous
materials and decayed wood, with pyrites and other min-
eral substances.”

* & Vepetahle Structures in Coal,” “ Journal of Geological Bociety,”
xv,, 626. “ Conditions of Accumulation of Coal,” ibéd., xxii.,, 95, * Aca-

dian Geology,” 197, 464. L
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We need not go far in search of the uses of the coal
vegetation, when we consider the fact that the greatest
civilised nations are dependent on it for their fuel. With-
oub the coal of the Carboniferous period and the iron-ore
which is one of the secondary consequences of coal ae-
cumulation, just ag bog-ores of iron occur in the subsoils
of modern peats, it would have been impossible either to
sustain great nations in comfort in the colder climates of
the northern hemisphere or to earry on our arts and
manufactures. The coal-formation yields to Great Brit-
ian alone about one hundred and sixty million tons of
coal annually, and the miners of the United States ex-
tract mainly from the same formation nearly a hundred
million tons, while the British colonies and dependen-
cies produce about five million tons; and it is a re-
markable fact that it iz to the English race that the
greatest supply of this buried power and heat and light
has been given.

The great forests of the coal period, while purifying
the atmosphere of its excess of unwholesome earbonic
acid, were storing np the light and heat of Palmozoic
summers in a form in which they could be recovered in our
human age, so that, independently of their uses to the
animals which were their contemporaries, they are indis-
pensable to the existence of civilized man.

Nor can we hope soon to be able to dispense with the
services of this acenmulated store of fuel. The forests
of to-day are altogether insufficient for the supply of our
wants, and though we are beginning to apply water-power
to the production of ¢lectricity, and though some promis-
ing plans have been devised for the utilisation of the
direct heat and light of the sun, we are still quite as de-
pendent as any of our predecessors on what has been done
for us in the Pal®ozoic age.

In the previous pages I have said little respecting the
physical geography of the Carboniferous age ; but, as may
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be inferred from the vegetation, this in the northern
hemisphere presented a greater expanse of swampy flats
little elevated above the sea than we find in any other pe-
riod. As to the southorn hemisphere, less is known, but
the conditions of vegetation would seem to have been es-
sentially the same.

Taking the sonthern hemisphere as a whole, I have
not seen any evidence of a Lower Devonian or Upper Si-
lurian flora ; but in South Africa and Australia there are
remaing of Upper Devonian or Lower Carboniferons
plants. These were succeeded by a remarkable Upper
Carboniferous or Permian group, which spread itself all
over India, Australia, and South Africa,* and contains
some forms (Verlebraria, Phyllotheca, Glossopteris, &e.)
not found in rocks of similar age in the northern hemi-
sphere, so that, if the age of these beds has been correctly
determined, the southern hemisphere was in advance in
relation to some genera of plants. This, however, is to
be expected when we consider that the Triassic and Ju-
rassic flora of the north contains or consists of intrnders
from more southern gites. These beds are succeeded in
India by others holding cyecads, &e., of Upper Jurassic
or Lower Cretaceous types (Rajmahal and J abalpur
groups).

Blanford has shown that there is a very great similar-
ity in this serics all over the Australian and Indian re-
gion.t Hartt and Darby have in like manner distin-
guished Devonian and Carboniferous forms in Brazil akin
to those of the northern hemisphere. Thug the southern
hemisphere would seem to have kept pace with the north-
ern, and aceording to Blanford there is evidence there of
cold conditions in the Permian, separating the Pal®ozoic

* Wyley, “ Journal Geol. Society,” vol. xxiii., p. 172; Daintree, ibid,,
vol. xxviii, ; also Clarke and McCoy,
1 “Journal Geol. Society,” vol. xxxi,
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flora from that of the Mesozoie, in the same manner that
Ramsay has supposed a similar period of cold to have done
north of the equator. "This would imply a very great
change of climate, ginece we have evidence of the exten-
gion of the Lower (arboniferons flora at least as far
north as Spitzbergen. The upper coal-formation we
cannot, however, trace nearly so far north; so that a
gradual refrigeration may have been going on belore
the Permian. Thus in both hemispheres there was a
general similarity in the later Pal®ozoic flora, and per-
haps similar eonditions leading to ite extinction and to
ite replacement by that to be deseribed in the next
chapter.

NOTES TO CHAPTER IV,

1. OEARACTERS AND CrAssiFIcATION OF PALmozorc Prawts,

Ix the space available in this work it would be impossible to
enter fully into the elassifieation of Palmozoic plants; but it may be
well bo notice some important points for the guidance of those who
may desive to colleet specimens; more especially as much uncer-
tainty exists as to affinities and very eontradictory statements are
made, The statements below may be regarded as the results of
actual ohservation and of the study of specimens ¥n sifu in the rocks,
as well as in the cabinet and under the microscope.

GYMNOSPERME®,

Feamily CoNirERm; Genus Dapoxyroy, Endlicher; ARAUCARITES,
Goeppert ; AravcarioxyLoy, Kraus.

The trunks of this genus ocenr from the Middle Devonian to the
Permian inclusive, as drifi-logs caleified, silicified, or pyritised. The
only foliage associated with them is of the type of Walchin and
Arauearites—yviz., slender branches with numerous small spiral acicu-
lar leaves. Two of the coal-formation species, I maferiarum and
another, had foliage of this type, That of the others is unknown.
They are all distinet from the wood of Cordadfes, for which see under
that genus,
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The following are North Ameriean species:

Trunks.
Dadozylon Quangondianwm, Dn . .M. Erian., ... ...Report, 1871.*
T2 M8 1 R B S S e e L . «
D. Newberryt, DNy ooiivinnnn. SRR S "
D. Clarkiz, Dn. (Cordeeoxylon ), .. e Report, 1882.
D, Acadianwm, Dn. ..., ... ..... Coal - formation  Acadian Geol-
and millstone ogy.
grit,
D. Matersarum, Dn ... .ooooiin.. Do. and Permo- 5
Carb.
D). (Paloxylon) antiguius, Dn ... L. Carboniferous. L
D. amwulatum, Dn ... .oooivu... Coal-formation, L
Ormoxylon Erianuwm, Do ... ..... BErian, ...........Report, 1871,
Foliage.
Aravearites gracilis, Dn,. .. ...... N. Coal-formation &
and Permian,
Walchia robusta, Dn.. .. .........Permian, Re-po_rt s
W, imbricatila, Dn, it Ji T
! s s Wl )

All of the above can be vouched for as good species based upon
microseopic examination of a very large number of trunks from dif-
ferent parts of North America. The three Erian species of Dadoaylon
and D. antiguins from the Lower Carboniferous have two or more
rows of cells in the medullary rays. The last named has several
rows, and is a trne Poleoxylon allied to D. Withami of Great
Britain, 1. mederigrium is specially characteristic of ths npper
coal-formalion and Permian, and to it must belong one or both of
the species of foliage indicated above, D, Clurkii has very short,
simple medullary rays of only a fow cells superimposed, and has an
immer eylinder of scalariform vesscls, approaching in these points to
Cordaifes. Ormoxylon has & very peculiar articnlated pith and
simple medullary rays.

Witham in 1838 deseribed several Carboniferons species of pine-
wood, inder the generic name Piniles, separating under the name
Pitus species which appeared to have the dises on the cell-walls

* ““ Geological Survey of Canada: Fossil Plants of Erian and Upper
Silurian Formations,” by J. W. Dawson.
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scparate and in fransverse lines. Witham's name was changed by
Goeppert to Araucariles, to indicate the similarity of these woods to
Araucarin, Pinites being reserved for trees more closely allied to the
ordinary pines. Endlicher, restricting Aravecarites to foliage, ete,,
of Araucaria-like trees, gave the name Dadowylon to the wood ; and
this, through Unger’s “Genera and Species,” has gained somewhat
general acceptance. Endlicher also gave the name Pissadendron to
the species which Witham had called Pifus; but Brongniarl pro-
posed the name Paliwoxylon to inelude all the species with thick
and eomplex medullary rays, whateyer the arrangement of the dises.
In Schimper's new work Krans substitutes Araucarionylon for Hnd-
licher’s Dadoaylon, and includes under Pissadendron all the species
placed by Bronguniart in Paleoxylon.

To understand all this confusion, it may be observed that the
characters available in the determination of Palmozoic coniferous
waod are chiefly the form and arrangement of the wood-cells. the
character of the bordered pores or dises of their walls, and the form
and composition of the medullary rays.

The character on which Witham separated his genus Pifus from
Pinites is, as 1 have ascertained by examination of slices of one of
his original specimens kindly presented to me by Mr, Sanderson, of
Hdinburgh, dependent on state of preservation, the imperfectly pre-
served dises or arcolations of the walls of the fibre presenting the
appearance of separate and distinet eiveles, while in other parts of
the same specimens these discs are seen to be contiguous and to as-
sume hexagonal forms, so that in this respect they do mot really
differ from the ordinary species of Dadozylon. The tre character
for subdividing those species which are especially characteristic of
the Carboniferous, is the composite structure of the mednllary rays,
which are thick and composed of several radial piles of cells placed
side by side. This was the character employed by Brongniart in
separating the genus Palmoxylon, though he might with convenience
have retained Witham’s name, merely transferring to the genus the
species of Witham’s Piniles which have complex medullary Tays.
The Brian rocks present the greatest varicty of (ypes, and Paleozylon
is especially characteristic of the Lower Carhoniferous, while species
of Dadoxylon with two rows of bordered pores and simple medullary
rays are especially plentiful in the upper coal-formation and Permo-
Carboniferous.

The following teble will clearly show the distinctive characters
and relations of the generain question, as held by the several authors
above referred to:
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Waood of Palwozote Con y"wrs.

Woody fibres. Medullary mys and pith. Generic names. Geologieal nge.
No dises. One or two series | Aporozylon, Unp;l,,r. Devonian
of cells. (Erian}.
Complex, or of bwo [Pﬂ?t-u.s Witham. Middle and

m.ﬁum., Horiee of Pmlrm.x:uicrn. Brongni- | Lower Car-
cells,

Pith Sternbergian.

) boniferous
Pawzrrrndruu, End- [ and Devo-
licher, nian.

J
Jtlrmccamtes Goeppert

Discs in one se- | Simple, or of one D tendlicher,| Ypper Carbo-
ries contigu- | row of cells. 44;5&?:3';53,{ o e eF| “niferous and
ous, or in sev- | Pith Sternbergian. Sehimper, Permian.
eral series _

"‘l’im'“s ar- | pith in spherical | Ormocylon,® Do. Devonian.,
e chambers, ¢
Medullary sheath Devonian.
scalariform. Dadozylon (Cordaoxy-

Medullary rays lon),+ Dn,
frequent, simple, d
short,

®Type 0. Brianum, Do, ' Report on Canadian Plants,” 1871,
1 Type D, Clarkii, Dn., ¥ Report on Canadian Plants,” 1882. This may be
wood of Cordaites, to which it approaches very closely.

Family Corparrem, (Fenus CorpArres, Brongniart.

Trunks marked by transverse scars of attachment of bases of
leaves; leaves broad, with many parallel veins, and attached by a
broad base; pistillate and staminate catkins of the nature of An-
tholithes, Frait winged or pulpy, of the kind known as Cuardio-
carpum, Stem with a Sternbergia pith, usually large, surrounded by
a ring of ])s(auﬂo-st‘JJJELI'ifOI‘lll vessels, and with a eylinder usually
narrow, of woody wedges, with bordered pores in one or more series,
and with simple medullary rays.

From specimens kindly presenled to me by Prof. Renault, I
have been able to ascertain that the stems of some at least of these
plants (Eucordaites) are distinet in structure from all the species of
Dadozylon, above mentioned, except D, Clawkii, of the Erian. They
may be regarded as infermediate between those of comifers and
eycads, which is indeed the probable position of these remarkable
plants.

Grand Bury has divided the Cordadtes into sub-genera, as fol-
lows:

1. Bucordaifes—Leaves spatulate, obovatle, elliptieal, or lan-
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ceolate, sessile, entire, with rounded apices and of leathery con-
sistency, The leaves are from twenty to ninety centimetres in
length. The nerves are either equally or unequally strong.

2. Doryeordaites—Leaves lanceolate, with sharp points; nerves
numerous, fine, and equal in strength., The leaves attain a length
of from forty to fifty centimetres,

3. Poaeordailes—Loeaves narrow, linear, entire, blunt at the
point, with nerves nearly equally strong. The leaves are as much
as forty centimetres in length,

To these Renault and Zeiller have added a fourth group, Scuto-
cordaites, :

G'enus STERNBERGIA,

This is merely a provisional genus intended to receive easts of
the pith eylinders of various fossil trees, Their special peculiarity
is that, as in the modern Ceeropia peltoie, and some species of Fieus,
the pith consists of transverse dense partitions which, on the elonga-
tion of the internodes, beeome separated from each other, so as to
produce a chambered pith eavity, the cast of which shows transverse
furrows. The young twigs of the modern Adies balsamifera pre-
sent a similar structure on a minute seale. I haye ascertained and
described such pith-cylinders in large stems of Dadozyion Cuangon-
dianwm, and L. maleriorium.  They occur also in the stems of
Cordaites and probably of Sigillarie. 1 have discussed these curi-
ous fossils al length in “ Acadian Geology® and in the “Journal of
the Gealogical Society of London,” 1860. The following summary
is from the last-mentioned paper:

a. As Prof. Williamson and the wriler have shown, many of
the Sternbergia piths belong to coniferous trees of {he genus Da-
dowylon.

b. A few specimens present multiporous tissue, of the type of
Dietyorylon, s plant of nnknown affinities, and which, according to
Williamson, has a Sternbergia pith,

e. Other examples show a true sealariform tissue, comparahle
with that of Lepidodendron oy Sigitlaria, but of finer texture, Corda
has shown that plants of the type of the former genus (his Loma-
tophloios) had Sternbergia piths, Some plants of this group are by
external characters loosely reckoned by botanists as ribless Sigillarie
(Cluthraria); bul T believe that they are not related even ordinally
to that genus.

d. Many Carboniferous Sternbergie show structures identieal
with those described above as ocenrring in Cordyites, and also in
some of the trees ordinarily reckoned as Sigillarice.
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Glenus CARDIOCARPUM.

T have found at least eight speeies of these fruits in the Erian
and Carboniferous of New Brunswick and Nova Scotia, all of which
are evidently fruits of gymnospermous trees. They agree in hay-
ing a dense ecoaly nucleus of appreciable thickness, even in the
flattened specimens, and sarrounded by a thin and veinless wing or
margin, They have thus precisely the appearance of samaras of
many exisiing forest-trees, some of which they also resemble in the
outline of the margin, except that the wings of samaras are usnally
veiny. The character of the nucleus, and the occasional appearance
in it of marks possibly representing cotyledons or embryos; forbids
the supposition that they are spore-cazes. They must have been
fruits of phaenogams. Whether they were winged fruits or seeds,
or fruits with a pulpy envelope like those of cycads and some
wonifers, may be considered less certain, The not infreguent dis-
tortion of the margin is an argument in favour of the latter view,
though this may alse be supposed to have oceurred in samaras par-
tially deeayed. On the other hand, their being always apparently
flattened in one plane, and the nueleus being seldom, it ever, found
denuded of its margin, are arguments in favour of their having been
winged nuflets or seeds. Until recently I had regarded the latter
view as more probable, and so stated the matter in the second edi-
tion of “ Acadian Geology.” I have, however, lately arrived al the
conclusion that the Cardivearpe of the type of €. cornutum were
gymnospermous sceds, haying two eotyledons embedded in an albu-
men and covered with a strong membranous or woody (egmen sup-
rounded by a fleshy outer eoat, and that the noteh at (he apex rop-
resents the foramen or micropyle of the ovule. The structure was
indead very similar to that of the seeds of Turus and of Salishuria.
With respect to some of the other species, however, especially those
with very broad margins, it still appears likely that they were winged.

The Cardivcarpe Were borne in racemes or sroups, and it seems
certain that some of them at least are the seeds of Cordaites. The
association of some of them and of those of the next genus with
Stgillarie is so constant that T eannot doubt that some of them
belong to plants of that genms, or possibl v to taxine conifers. The
great number of distinet species of these seeds, as eompared with
that of known trees which could have produced them, is very re-
markable,

. (enus TRIGONDOARPUM,

These are large angled nuts contained in a thick envelope, and

showing internal structures resembling those of the seeds of modern
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Tawinew, There are numerous specics, as well as allied seeds re-
ferred to the provisional genera Rhabdocarpus and Carpolithes,
In Trigonocarpum Hookeri 1 have described the internal structure
of one of those seeds, and many fine examples from the coal-field of
St. Etienne, in France, have been described by Brongniart, so that
their internal structure is very well known.

GFens ANTHOLITHES,

This is also a provisional genus, to include spikes of floral
organs, some of which are known to have belonged to Cordaites,
others probably to Sigillarie.

Or UNCERTAIN AFFINITIES.
Family SIGILLARIACET,

Under this name palmobotanists have included a great numher
of trees of the Carboniferous system, all of which are characterised
by broad leaf-sears, with three vaseular scars, and usually arranged
in vertical rows, and by elongated three-nerved leaves, and roots of
the stigmaria fype—that is, with rounded pits, marking the attapch-
ment of rootlets spirally arranged. These trees, however, collecied
in the genus Sigillarie by arbitvary characters, which pass into
those of the Lepidodendroid trees, have been involved in almost inex-
tricable confusion, to disentangle which it will be necessary to con-
sider: 1. The external characters of Sigillarice, and trees confounded
with them. 2. Subdivision of Sigillardem by external markings. 8.
The microscopic character of their stems. 4. What is known of
their foliage and fruit,

1. Characters of Sigillareid and Lepidodendroid Trunks.

Tt may be premised fhat the modes of determination in fossii
botany are necessarily different from those employed in reeent bol-
any. The paleobotanist must have recourse o characters derived
from the leaves, the scars lefi by their fall, and the internal struct-
ures of the stem.  These parts, held in little esteem by botanists in
deseribing modern plants, and much neglected by them, must hold
the first place in the regard of the fossil hotanist, whereas the fructi-
fication, seldom preserved, and generally obseure, is of compara-
tively little service. Ibisto be remarked also that in such general-
ised plants as those of the Palmozoic, remarkable rather for the de-
velopment of the vegetative than of the reproductive organs, the
former rise in importance as compared with their value in the study
of modern plants.
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In Sigillarice, Lepidodendre, &e., the following surfaces of the
stem may be presented to onr inspection :

1. The outer surface of the epidermis without its leaves, bul
with the leaf-bases and leaf-sears more or less perfectly preserved.
On this surface we may recognise: (1) Cellular swellings or pro-
jections of the bark to which the leaves ave attached, These may be
culled leaf-hases, and they are somelimes very prominent. (2) The
actunl mark of the aftachment of the leaf situated in the most
prominent part of the leal-base. This is the Zeaf~sear. (8) In the
leaf-sear when well preserved we ean see one or more minute punect-
ures or prominences which ave the points where the vascular bundles
passing to the leaf found exit. These arve the vascular scars.

When the leaves are attached, the leaf-scars and vascular scars
cannot be seen, but the leaf-bases can be made out. Ilenee it is
important, if possible, to secure specimens with and withoul the
leaves, In flattened specimens the leaf-bases are often distorted by
pressure and marked with forrows which must nob be mistaken for
true structural characters. “The leaf-bases, which are in relief on the
outer surface of the stem, of course appear as depressions on the
mould in the containing rock, in which the markings often appear
much more distinetly than on the plant itself.

2, The ouber surface of the epidermis may have heen removed or
may be destroyed by the eoarseness of the containing rock. In this
case the leaf-bases are usually preserved on the surface of the outer
or corky bark, bul Lhe leaf-sears and vaseular sears have disappeared.
This gives that eondition of Lepidodendroid trees to which the name
Enorrie has been applied.  When plants are in this state eareful in-
spoction may somelimes discover traces of the leaf-scars on portions
of the stem, and thus enable the Knorria to be connected with the
species to which it belongs.

3. The outer or corky bark may be removed, exposing the sur-
face of the inner or fibrous and cellular bark, which in the plants in
question is usually of great thickness, In this case neither the leaf-
bases nor the sears are seen, but punctures or little furrows or ridges
appear where the vasenlar bundles entered the inner bark. Speci-
mens in this state are usually said to be decorticated, thongh only
the outer bark is removed. Tt is often diffieult fo determine plants
in this condition, nnless some portion of the stem can be found still
relaining the bark; but when care is taken in eollecting; it will not
infrequently be found thal the true outer surface ean be recovered
from the containing rock, especially if a coaly layer representing the
outer bark intervenes between this and the inner impression, Speci-
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mens of this kind, taken alone, have been referred to the genera
IKnoriia, Bothrodendron, and Halonda.

4. In some eases, though not frequenily, the outer surface of the
ligneous eylinder is preserved. It almost invariably presents a
rogularly striated or irregularly wrinkled appearance, depending
upon the verlical woody wedges, or the positions of the medullary
rays or vascular bundles. Specimens of this kind constituted some
of the Endagenites of the older botanists, and the genus Sehizoden-
dron of Bichwald appears o include some of them, Many of them
have also been incorrectly referred to Calamites,

5. In some cases the east of the medullary cylinder or pith may
alone be preserved. This may be nearly smooch or slightly marked
by vertieal striee, but more usually presents a transverse striation,
and not infrequently the transverse constrictions and septa charac-
teristic of the genus Sternbergia. Loose Sternbergiee afford little
means of connecting them with the species to which they belong,
except by the microscopic examination of the slireds of the ligneous
eylinder which often eling to them.*

These facts being premised, the following general statements
may be made respecting some of the more common Palsozoic genera,
referring, however, principally o the perfect marldngs as seen on
the epidermis:

Stigillaria.—Teaf-bases hexagonal or elongated, or confluent on
a vertical ridge. Leaf-scars hexagonal or shield-shaped. Vaseular
scars three, the two lateral larger than the central. This last char-
acter is constant, depending on the fact that the lesaves of Sigillarin
have two or more vaseular bundles. All so-called Sigillarie having
the central vaseular sear largest, or only one vascular bundle, should
be rejected from this genus, In young branches of branching Sigil-
lariee the leaf-senrs sometimes appear to be spiral, but in the older
stems they form vertical rows; interrupted, however, by transverse
rows or bands of fruit-sears, sach with a single large central vaseular
sear, and which have borne the organs of fructifieation, Arthro-
caulis of MeCoy is founded on this peculiarity.

Syringodendron.—Differs from Sigillaria in the leat-sears, which
are circular and with a single vasenlar bundle. Tt is & matter of
doubt, whether these plants were of higher rank than Sigillaria
tending toward the pines, or of lower rank tending toward Cyclo-
stigma. Their leaf-bases form vertical ridges.

Lepidodendyon.— Leat-bases vhombie, oval, or lanceolate. moder-

* Bee my paper, “ Journal of Geological Society,” vol, sxvii.
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ately prominent. TLeaf-sears rhombic or sometimes shield-shaped or
heart-shaped, in the middle or upper part of the leaf-base. Vaseular
sears three—the middle one always largest and corresponding to the
single nerve of the leaf ; the lateral ones sometimes obsolete,

In older stems three modes of growth are observed. In some
species the expansion of the bark obliterates the leaf-hases and
eauses the leal-sears to appear separated by wide spaces of more or
less wrinkled bark, which at length becomes longitudinally furrowed
and simulates the ribbed character of Sigillaria. TIn others the leaf-
bases grow in size as the {runk expands, so that even in large trunks
they are contignous though much larger than those on the branches,
In others the onter bark, hardening at an early age, is ineapable of
either of the above changes, and merely becomes cleft into deep fur-
rows in the old tranlks,

Lepidophloios.—Leaf-bases transverse and prominent— often
very much so. Leaf-sears transversely rhombie or oval with three
vascular scars, the central largest. Leaves very long and one-
nerved, Large strobiles or branchlets horne in two ranks or spirally
on the sides of the stem, and leaving large, round scars (cone-sears),
often with radiating impressions of the basal row of scales,

Species with long or drooping leaf-bases have been included in
Lepidophloios and Lomatophloies.  Species with short leaf-bases and
cone-sears in two rows have heen called Ulodendiron, and some of
them have been ineluded in Sigillaria (sub-genus Clathraria). De-
corticated stems are Bolluodendron and Healonie. Some of the
species approach near to the last genus, especially to the Lepidoden-
dra with rhombic leaf-hases like L. telragonuwm.

Cyelostigme. — Lieal-hases undeveloped. Leaf-scars cireular or
horseshoe-shaped, small, with & central vascular scar. In old trunks
of Cyclostigma the leaf-scars become widely separaled, and some-
times appear in vertical rows. Young branches of Lepidodendron
sometimes have the leaf-scars similar to those of Cyclostigma,

Leplophleum. — Leat-bases flat, rhombic; leaf-sears ohsolete;
vascular scar single, central. The last two genera are charvacter-
istically Devonian. X

In contradistinetion from the trees above mentioned, the follow-
ing general statements may be made respecting other groups:

In conifers the leaf-bases are usually elongated vertically, often
sealy in appearance, and with the leaf-scar terminal and round, oval,
or rhombie, and with a single well-marked vaseular scar.

In Calamites, Calamodendron, and Asterophyllites the scars of
the branchlets or leaves are eircular or oval, with only a single vas-



158 THE GEOLOGICAL HISTORY OF PLANTS.

cular sear, and situated in verticils at the top of well-marked nodes
of the stem,

In tree-ferns the leal-bases are large and usually without a dis-
finet articulating surface. The wvascular bundles are numerous,
Protopteris has rounded leaf-scars with a large horseshoe-shaped
bundle of vessels above and small bundles below, Canlopteris has
large elliptie or oval leaf-scars with vasculur scars disposed con-
centrically. Palwopteris;* of Geinitz, has the leaf-scars transversely
oval and the vascular bundles confluent in a transverse band with an
appendage or outlying bundle below. Stemmatopteris has leaf-
sears similar to those of Caulopteris, but the vascular bundles united
into a horseshoe-shaped band.

2. Subdiwvision of Sigitlarie in Accordance with their Markings,

The following groups may be defined in this way; but, being
based on one character only, they are of course in all probability far
from natural :

1. Sigillaria, Brongniart. Type, Sigillaria reniformis, Bron-
gniart, or 8. Brounii, Dawson.—Stem with broad ribs, usually much
broader than the nsually oval or elliptical tripunctate areoles, but
disappearing at base, owing to expansion of the stem, ILeaves nar-
row, long, three-nerved.

2. Rhytidolepis, Sternberg. Type, S. seutellote, Brongniart.—
Ribs narrow, and often fransversely striate. Areoles large, hexag-
onal or shield-shaped, tripunctate. Leaves as in last group. Rings
of rounded scars on the stems and branches mark attachment of
fruit, It is possible that some of the smaller stems of this group
may be branches of trees of group first.

8. Syringodendron, Sternberg. Type, S. organum, L, and H.,
8. oculota, Brongniart—Stems ribbed; areoles small and round,
and apparently with a single scar, or three elosely approximated.
These are rare, and liable to he confounded with decorticated ex-
amples of other groups; but T have some specimens which ungues-
tionably represent the external surface,

4. Favularia, Sternberg, Type, Sigillarin elegans of Brongni-
art.—Leaf-bases hexagonal, or in young branches elliptical, in vertical
rows, bub withoul distinet ribs, except in old or decorticated stems.
Fruit borne in verticils on the branches bearing transverse rows of
rounded scars, Teaves somewhat broad and longitudinally striate,

* This name, preoccupied by Geinitz, has been inadvertently misap-
Plied to the Devonian ferns of the genus Arehaopleris,
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5. Leioderma, Goldenberg, Type, S. Sydnensis, Dawson.—
Ribs obsolete. Cortical and ligneous surfaces siriate. Vaseular
sears double, elongate longitudinally, and alike on cortical and inner
surfaces, Areoles in rows and distinel ; stigmaria-roots striate, with
small and distinet arcoles.

6. Clathrarin, Brongniart, Type, S. Menardi, Brongniart.—
Areoles hexagonal, not in distinet rows, but having a spiral appear-
ance, Some of the plants usually referred to this group are probably
branches of Favularia. Others are evidently fragments of plants
af the genus Lepidophiotos.

3. Internal Structures of Sigillarie-Stems.

I long ago pointed out, on the evidence of the external markings
and mode of growth, that the stems of Sigillarie must have been
exogenous, and this conclusion has now been fully confirmed by the
microscopic researches of Williamson, not only in the case of Stgil-
larie, but of Lepidodendra and Colamodendra as well,  Confining
myself to my own observations, three types of Sigillarie ave known
to me by their internal struetures, though 1 eannot cerfainly corre-
late all of these with the external markings referred to above,

1. Diplozylon, in which the stem consists of a small infernal
axis surrounded by a very thick inner bark and a dense outer eorfex.
A fine example from the Sonth Joggins is thus deseribed :*

“The axis of the stem is about gix centimetres in its greatest
diameter, and consists of a central pith-cylinder and two concen-
tric coats of scalariform tissne. The pith-eylinder is replaced
by sandstone, and is about one centimetre in diameter. The inner
eylinder of sealariform fissue is perfectly continuous, not radiated,
and about one millimetre in fhickness. Tts vessels are somewhat
erushed, but have been of large diameter. Its outer surface, which
readily separates from that of the outer eylinder, is striated longi-
tudinally. The outer eylinder, which constitutes by much the
largest part of the whole, s also composed of scalariform tissue;
but this is radially arranged, with the individual cells quadrangular
in cross-section. The cross-bars are similar on all the sides and
usually simple and straight, but sometimes branching or slightly
reticulated. The wall intervening between the bars has extremely
delicate longitudinal waving lities of ligneous lining, in the manner
first deseribed by Williamson as oceurring in the gealariform tissue
of certain Lepidodendre. A few small radiating spaces, partially

#  Journal of the Geological Bociety of London,” November, 1877,
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oceupied with pyrites, obscurely represent the medullary rays, which
must have been very feebly developed. The radialing bundles
passing to the leaves run nearly horizontally; but their strueture
is very imperfectly preserved. The stem being old and probably
long deprived of its leaves, they may have been partial ly disorganized
before it was fossilised, The outer surface of the axis is striated
longitudinaily, and in some places marked with impressions of tort-
uous fibres, apparently those of the inner bark. In the cross-sec-
tion, where weathered, it shows eoncentrie rings; hut under the
microscope these appear rather as bands of compressed tissue than
as proper lines of growth, They are about twenty in number. This
tree has an erect, ribbed trunk, twelve feet in hLeight and fifteen
inches in diameter, swelling to about two feet at the base.

2. Favularia Type—This has been well deseribed by Brongniart
and by Renault,*and differs from the above chiefly in the fact that
the outer exogenous woody zone is composed of reticulated instesd
of scalariform tissue, and the inner zone isof the peculiar form
which I have charscterised as pseudo-scalariform,

3. Sigillaria. Proper,—This 1 bave illustrated in my paper in
the “Journal of the Geological Society ™ for May, 1871, and it ap-
pears to represent the highest and most perfect type of the larger
ribbed Stgillaria. This structure I have described as follows, bas-
ing my description on a very fine axis found in an ereet stem, and
on the fragments of the woody axis found in the bases of other erect
stems:

@ A dense cellular outer burk, usnally in the state.of compact
coal—but when its structure is preseryed, showing a tissue of thick-
ened parenchymatous cells.

b. A very thick inner bark, which has usually in great part
perished, or been converted into coal, but which, in old trunks, con-
tained a large quantity of prosenchymatous lissue, very tough and
of great durability, This * hast-tissue” is comparahle with that of
the inner bark of modern conifers, and constitutes much of the min-
cral charconl of the coal-seams,

e. An outer ligneous eylinder, composed of wood-cells, either
with a single row of large bordered pores,} in the manuer of pines

# ¥ Dotanique Fossile,” Paris, 1881,

t These are the same with the wood-cells elsewhere called discigerous
tissue, and to which I have applied the terms uniporous and multiporous,
The markings on the walls are cansed by an unlined portion of the cell-
wall placed in w disk or depression, and thiz often surrounded by an
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and eyeads, or with two, three, or four rows af such pores sometimes
inseribed in hexagonal areoles in the manner of Dadowylon. This
woody cylinder is traversed by medullary rays, which are short, and
composed of few rows of cells superimpoged. Tt is also traversed hy
oblique radiating bundles of pseudo-scalariform tissue procerding to
the leaves. Insome Sigillarie this ouler eylinder was itself in part
composed of psendo-scalariform tissue, as in Brongniart’s specimen
of 8. elegans ; and in others its pluice may have been talken by mul-
tiporous fissue, as in a case above referred {o0; but I have no reason
to believe that cither of these variations occurred in the typical
ribbed species now in question. The woody fibres of the outer
cylinder may be distinguished most readily from those of conifers,
as already mentioned, by the thinness of their walls, and the more
irregular distribution of the pores. Addilional characters are fur-
nished by the medullary rays and the radiating bundles of sealari-
form tissue when these can be observed.

d. An inner cylinder of pseudo-scalariform tissue, I have
adopted the term pseudo-sealariform for this tissue, from the con-
vietion that it is not homologous with the scalariform ducts of ferns
and other acrogens, but that it is merely a modification of the dis-
tigerous wood-cells, with pores elongated transyersely, and sometimes
separated by thickened bars, eorresponding to the hexagonal areo-
lation of the ordinary wood-cells. A similar tissue exists in eyeads,
and is a substitute for the spiral vessels existing in ordinary ex-
ogens.

e. A large medulla, or pith, consisting of a hollow cylinder of
cellular tissue, from which proceed numerous thin diaphragms to-
wards the cenfre of the stem.

These structures of the highest type of Sigillaric are on the
one hand scarcely advanced beyond those of Calumopitus, as de-
seribed by Willinmson, and on the other approach to those of
Cordaites, ns seen in specimens presented to me by Renault.

Finally, ag to the fruit of Sigillerice, 1 have no new facts to
affer.  The strobiles ov spikes associated with these trees have been
variously deseribed as gymnospermous (Renaull) or cryptogamous
(Goldenberg and Williamson). 1 have never seen them in place,
Two considerations, however, have always weighed with me in refer-
ence to this subject. One is the constant abundance of Trigonocarpa

hexagonal rim of thickened wall; but in all cases these structures arve
less pronounced than in Dadoxylon, and less regular in the walls of the

same cell, as well as in different layers of the tissues of the axis.
M
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and Cardiocarpa in the soil of the Sigillaria forests, as I have studied
this at the South Joggins, The other is that the rings of fruit-scars
on the branches of Sigillaria are homalogous with leaf-sears, not
with branches, and therefore should haye horne single earpels and
not cones or spikes of inflorescence. These are merely suggestions,
but I have no doubt they will he vindicated by future discoveries,
which will, I have no doubt, show that in the family Sigilloriacen
we have really two families, one possibly of gymnospermous rank,
or at least approaching to this, the other allied to the Lepidodendra,

CRYPTOGAMIA,
(Aerogenes.)
Family LEPIDODENDRER ; Genus LEepmopexnrow, Sternberg.

These are arboreal Liyeopods having linear one-nerved leaves,
stems branching dichotomously, and with ovate or rhombic leat- s08
bearing rhombic leaf-scars, often very prominent. The fruit is in
sealy strobiles, terminal or lateral, and there are usually, if not
always, macrospores and microspores in cach strobile, The young
branches and stems have s central pith, a eylinder of scalariform
tubes sending out ascending bundles fo the leaves through a thick
cellular and fibrous inner barlk, and externally a dense cortex confiu-
ent with or consisting of the leaf-bases, Older stems have a second or
outer layer of sealariform fibres in wedges with medullary rays, aud
strengthening the stem hy a true exogenous growth, mueh as in the
Diploxylon type of Sigillaria. The development of this exogenous
cylinder is diferent in amount and rate in different species.® This
different development of the exogenous axis is accompanied with
appropriate external appearances in the stems, and the changes
which fake place in their markings, These are of three kinds, In
some species the areoles, at first elose together, become, in the pro-
cess of the expansion of the stem, separated by infervening spaces of
bark in a perfectly regnlar manner ; so that in old stems, while widely
separated, they still retain their arrangement, while in young stems
they are quite close to one snother. This is the case in L. COTTIgIL-
twm. In other species the leaf-scars or bases increase in size in the
old stems, still retaining their forms and their contiguity to each
other. This is the case in . wndulatum, and generally in those
Lepidodendra which have large leaf-bases. In these species the

* See “ Memoirs of Dr. Williamson,” in  Philosophical Transactions,”
for ample details,
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eontinued vitality of the hark is shown by the cceasional production
of lateral strobiles on large branches, in the manner of the modern
red pine of America, In other species the areoles neither inerease in
size nor become regularly separated by growth of the intervening
bark; but in old stems the bark splits into deep furrows, hetween
which may be seen portions of bark still retaining the areoles in
their original dimensions and arrangement. This is the case with
L. Pictoense. This erackingof the bark no doubt aceiirs in very old
trunks of the first two types, but not at all to the same extent.

As n type of Lepidodendron, [ may deseribe one of the oldest
Carboniferous species characteristic of the Lower Carboniferous in
America, and corresponding to L. Veltheimianun of Europe.

LrrmopesvroNy Corruaarvy, Dawson.—(Sea Fig. 48, supra.)
“Quarterly Journal of Geological Society,” vol. xv.:  Acadian Geol-
ogy,” page 451,

Huabit of Growth—Somewhat slender, with long branches and
long, slender leaves having a tendency to become horizontal or
drooping,

Markings of Stem.—Leaf-bases disposed in guineunx or spirally,
elongate, ovate, acute at both ends, but more acute and slightly
oblique at the lower end; most prominent in the upper third, and
with a slight vertical ridge. Teaf-scars small, rounded, and showing
only a single punctiform vaseular sear, The leaf-scar on the outor
surface is in the upper third of the base; but the obliquity of the
vaseular bundle causes it Lo be mearly central on the inside of the
epidermis. In young succulent shools the leaf-sears are contiguous
and round as in Cyelostigma, without distinet leaf-bases, In this
state it elosely resembles L. Olivierd, Eichwald,*®

In the ordinary young branches the leaf-scars are eontiguous,
and closely resemble those of L, elegans, Brongt, (Fig. 43 (). Asthe
branches increase in diameter the leaf-scars slightly enlarge and
sometimes assume a verticillate appearance (Fig. 48 D). As they
still further enlarge they become separated hy gradually increasing
spaces of bark, marked with many waving striee or wrinkles (Hig.
48T, N). At the base of old stems the bark assumes a generally
wrinkled appearance without distinet sears,

LKnorri or Decorticated States.—0f these there is a great variety,
depending on the state of preservation, and the particular longi-
tudinal ridges, Tig. 43 D shows a form in which the vasenlar bun-
dles appear as eylindrical truncate projections, Other forms show

* Lethwa Rossica, Plate Y, Figs. 12, 18,
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the leaf-bases prominent, or have an appearance of longitudinal vib-
bing produced by the expansion of the bark.

Structure of Stem.—This is not perfectly preserved in any of
my specimens, but one flattened specimen shows a central medulla
with a narrow ring of sealariform vessels surrounding it, and consti-
tuting the woody axis. The stracturs is thus similar to that of £,
Haroowrtit, which T regard as probably the same with the closely
allied Buropean species L. Veltheimianum,

Leaves—These are narrow, one-nerved, curving somewhat rap-
idly outward (Figs. 48, B, 0, D). They vary from one to two inches
in length.

Hoots—1 have not seen these actually attached, but they oecur
very abundantly in the underclays of some erect forests of these
plants at Horton Bluff, and are of the character of Stigmarim (Figs.
30, 81). Insome of the underclays the long, flattened rootlets are ex-
cessively abundant, and show the mark of a central vaseular bundle.

Fructification—Cones terminal, short, with many small, acute
imbricate scales, Spore-cases globular, smooth (Fig. 43 €). On
the surface of some shales and sandstones at Horton there are innu-
merable round spore-cases of this tree about the size of mustard-seed
(Fig. 43 ). Large slabs are sometimes covered with these, and thin
layers of shale are filled with flattened specimens,

This is the characteristic species of the Lower Carboniferous coal-
measures, ocenrring in great profusion at Horton Bluff and its
vicinity, also at Sneid’s Mills neasr Windsor, Noel and Five-Mile
River, at Norton Creek and elsewhers in New Brunswick (Matthew's
collection), and ab Antigonish (Honeyman’s eollection).

I have received from the lowest Carboniferous beds of Ohio speci-
mens of this species®  According to Rogers and Lesquerenx similar
forms occur in the Vespertine of Pennsylvania and in the Lower
Carboniferous of Tlinois. L, Veltheomionum of western Europe
and L. glineanum of Russia are closely allied Lower Carboniferous
species, f

A very different type is furnished hy a new species from the
middle coal-formation of Clifton, New Brimswick,

LepmopENDRON CLirtonsNsE, Dawson. — Habit of Growth,—
Robust, with thick branches, and leaves several inches in length,
Terminal hranches becoming slender, with shorter leaves,

* “Journal of Geological Sotiety,” November, 1862, p. 813,
t For comparisons of these see * Report on Plants of Lower Carbon-
iferous of Canada,” p. 21,
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Markings of Stem.—Lead-bases long oval, pointed at ends, en-
larging with growth of stem. Leaf-scars central, rhombic, trans-
verse,

Legaves—One-nerved, acutely pointed, from four inches in length
on the larger branches to one inch or less on the branchlets.

Pructification.—CUones large, eylindrical or long oval, with large
scales of trigonal form, and not elongated but lying close to the sur-
face. Borne on lateral, slender branchlets, with short leaves,

Genus LEPIDOPHLOIOS, Sternberg; Uropuyorox, L. and H.;
Loxarormrotos, Corda,

Lepidophlovos—Under this generic name, established by Stern-
berg, 1 include those lycopodiaceous trees of the coal-measures
which have thick branches, transversely clongated leaf-scars, each
with three vaseular points and placed on elevated or scale-lile pro-
tuberances, long one-nerved leaves, and large lateral strobiles in ver-
tieal rows or epirally disposed. Their structure resembles that of
Lepidodendron, consisting of a Sternbergie pith, a slender axis of
large scalariform vessels, giving off from its surface bundles of
smaller vessels to the leaves, a very thick cellular bark, and a thin
dense oufer bark, having some elongated cells or bast-tissue on its
innerside. In these trees the exogenous outer eylinder is less de-
veloped than in the Lepidodendra, and is somelimes wanting in
stems or branches of some thickness.

Regarding L. laricinum of Sternberg as the type of the genus,
and taking in conneetion with this the species deseribed hy Golden-
berg, and my own observations on numercus speeimens found in
Nova Scotia, 1 have no doubt that Lomatophloios crassicanlis of
Corda, and other species of that genus described by Goldenberg,
Ulodendron and Bothrodendron of Lindley, Lepidodendvon ornatis-
simum of Brongniart, and Hualonia punclala of Geinitz, all helong
to this genus, and differ from each other only in conditions of
growth and preservation. Several of the species of Lepidostrobus
and Lepidophylhum also belong to Tepidophioios.

The species of Lepidaphloios are readily distinguished from
Lepidodendron by the form of the areoles, and by the round scars on
the stem, which usually mark the insertion of the large strobiles,
though in barren stems they may also have produced hranches; still,
the fact of my finding the strobiles in sifu in one instance, the ac-
curate resemblance which the sears bear to those leffi by the cones of
the red pine when borne on thick branehes, and the actual impres-
sions of the radiating scales in some specimens, leave no doubt in my
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mind fhat they are usually the marks of canes; and the great size of
the eones of Lepidophloios accords with this conclusion.

The species of Lepidophlotos are numerous, and individuals are
quite abundant in the coal formation, especially toward its upper
part. Their flattened bark is frequent in the coal-beds and their
roofs, affording a thin layer of pure coal, which sometimes shows the
peculiar laminated or sealy character of the bark when other charae-
ters are almost entirely obliterated. The leaves also are nearly as
abundant as those of Sigillaria in the coal-shales. They can readily
be distinguished by their strong, angular mid-rib.

The markings of Lepidophlotos may easily be mistaken for those
of the Clathraria type ol Sigillaria. When the stem only is seen,
they ean be distinguished by the length of the leaf-bases in Zepi-
doplloios, and by the dominant central vaseular scar; also by the
one-nerved and ribbed leaves. Where the large, round marks of the
cones are present, these are an infallible guide, never being present
in Sigillaria, As the cones grew onthe upper sides of the branches,
the impression of the lower side often shows no cone-sears, or only
two lateral rows, whereas on the upper side of the same branch they
appear spirally arranged, T may deseribe as an example—

Lepidophloios Aecadianus, Dawson. Leaf-bases broadly rhom-
hie, or in old stems regularly rhombie, prominent, aseending, termi-
nated by very broad rhombic sears having a eentral point and two
lateral obscure points. Outer bark laminated or scaly. Surface of
inner bark with single points or depressions, Leaves long, linear,
with a strong keel on one side, five inches or more in length, Cone-
sears sparsely seattered on thick branches, either in two rows or
spivally, both modes heing somefimes seen on the same branch.
Scalariform axis scarcely an inch in diameter in a stem five inches
thick. Fruit, an ovate strobile with numerous acute scales covering
small globular spore-cases. This species is closely allied to Tloden-
dron majus and Lepidophloios laricinus, and presents numerous
varieties of marking. Coal-formation, Nova Scotia.

Family CAvamernm; Genus CAnAMITES, Suckow.

The plants of this genus are unguestionably allied to the mod-
ern Hguisetacer, but excel these so much in variety of form and
' strueture, and are so eapricious in their states of preservation,and so
liable to be mistaken for parts of plants generically different, that
they have given rise to much controversy. The following considera-
tions will enable us to arrive at some certainty.

The genus Calamites was originally founded in the longitu-
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dinally ribbed and jointed stems so frequent in the coal-formation,
and of which the common €. Swuekovid is a typieal form. The most
perfect of these stems represent the outer surface immediately within
the epidermis, in which case transverse lines or comstrictions
mark the nodes, and at the nodes there are rounded spots, some-
times indieating radial processes of the pith, first described by
Willismson ; in other cases, the attachment of branchlets, or in some
specimens both. But some specimens show the outer surface of the
epidermis, in which case the transverse nodal lines are usnally in-
visible. though the scars of branchlets may appesr. In still other
examples the whole of the outer tissues have perished, and the so-
called Calamite is a cast of the interior of the stem, showing merely
longitudinal ribbing and Lransverse nodal constrictions, In study-
ing these plants in sifu in the ercct Calamite brakes of the coal-
formation of Nova Scotia, one soon becomes familinr with these ap-
pearances, but they are evidently unknown fo the majority of paleo-
botanists, though deseribed in detail more than twenty years ago.

When the outer surface is preserved it is sometimes seen to bear
verticils of long needle-like leaves (€. Cistid), or of branchlets with
secondary whorls of similar leaves (0. Suckowii and C. wndulatis).
No Calamite known to me bears broad one-nerved leaves like those
of Asterophyllites and Awnularia, though the larger stems of these
plants have heen described as Calamites, and the term Calemocladus
has been used to include both groups. The base of the Calamite
stem usually terminates in a blunt point, and may he altached to a
rhizome, or several stems may bud out from each otherin a group or
stool. The roots are long and eylindrical, someftimes branching,
The fruit consists of spikes of spore-cases, borne in whorls and sub-
tended by lincar floral leaves. To these strobiles the name Calamo-
stachys has been given.

Willinmson has shown that the stem of Calamites consists of a
eentral pith or cavity of large size surrounded by a eylinder con-
sisting of alternate wedges of woody and cellular matter, with ver-
tical canals at the inner sides of the wedges, and slender medullary
rays, The thick cellular wedges intervening befween the woody
wedges he calls primary medullary rays; the smaller medullary
rays in the wedges, secondary medullary vays. There is thus a
highly complex exogenous stem based on the same principle with
the stem of a common Bquisetum, but with much greater strength -
and complexity.

Willinmson has also shown that there ave different sub-types of
these stems. More especially he refers to the three following :
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(@) Calamites proper, which has the woody wedges of scalari-
form or barred tissue with thin medullary rays, and the thick pri-
mary medullary rays are cellular.

(&) Calamopitus has reticulated or mulliporous tissue in the
woody wedges with medullary rays, and the primary medullary
wedges are composed of elongated cells,

(e) Calwmodendron has the woody wedges of barred tissue as in
@, with medullary rays, but has the intervening medullary wedges
of an elongated tissue approaching to woody fibre, and also with
medullary rays.

To these I would adda fourth type, which T have deseribed, from
the coal-formation of Nova Scotia.®

(@) Bucolamodendron differs from Calamedendron in having
true bordered pores or pseudo-scalariform slit-pored tissue, and cor-
responds to the highest type of calamitean stem,

I would also add that under @ and & there are some species in
which the woudy eylinder is very thin in comparison {o the size of
the stem, Incand d the woody cylinder is thick and massive, and
the stems are often large and nodose.

As an example of an ordinary Calamite in which the external
surface and folinge are preserved, I may quote the following from
my report on the “ Flora of the Lower Carboniferous and Millstone
Grit,” 1878

Canamres Usnurarus, Brongniart,—This species i3 stated by
Brongniart to be distinguished from the (¢, Suckowid, the character-
istic Calamite of the middle coal-formation, by its undulated ribs
marked with peculiar cellular reticulation, e suggests that it may
be merely a variety of €. Swuekovis, an opinion in which Schimper
coincides; but since I have received large additional collections from
Mr. Elder, containing not only the stams and branches, but also the
leaves amd rhizomes, I am constrained to regard it as a distinet
though closely allied specigs.

The rhizomata are slender, being from one to two inches in
diameter, and perfectly flattened, They are beautifully eovered with
a cellular reticulation on the thin bark, and show ccoasional round
areoles marking the points of exit of the rootlets, I have long been
fariliar with irregular fattened stems thus reticulate, but have only
recently been able to connect them with this gpecies of Calamite.

The main stems present a very thin earbonaceous bark reticu-
lated like the rhizomes. They have flat, broad ribs separated by deep

* % Quarterly Journal of the Geological Society,” 1871,
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and narrow furrows, and undulated in a remarkable manner even
when the stems are flaltened. This undulation is, however, perhapsan
indication of vertical pressure while the plant was living, as it secms
to have had an unusually thin and feeble cortical layer, and the un-
dulations are apparently best developed in the lower part of the stem,
At the nodes the ribs are often narrowed and gathered together,
especially in the vicinity of the rounded radiating marks which ap-
pear to indieate Lhe points of insertion of the branches. At the top
of each rib we have the usual rounded areole, probably marking the
insertion of 4 primary branchlet,

The branches have slender ribs and distant nodes, from which
spring secondary branchlets in whorls, these bearing in turn small
whorls of acicular leaflets much enrved upward, and which are ap-
parently round in cross section and delicalely striate. They are
much shorter than the leaves of Calamifes Suckovit, and arve less
dense and less curved than those of €L wwodosus, which I believe to be
the two most closely allied species.

Lesquereux notices this species as characteristic of the lower part
of the Carboniferous in Arkansas.

It will be observed that I regard the striated and ribbed stermns not
as internal axes, but as representing the outer surface of the plants.
This was certainly the case with the present species and with C.
Suekovsi and O. nodosws.  Other species, and especially those which
belonged to Calamodendron, no doubt had & smooth or irregularly
wrinkled external bark; but this gives no good ground for the man-
ner in which some writers on this subject confound Calamites with
Calamodendra, and both with Asterophyllites and Sphenophyllum,
With thisno one who has studied these plants, rooted in their native
soils, and with their appendages still attached, ean for a moment
sympathise. One of the earliest geclogieal studies of the writer was
2 bed of these erect Calamites, which he showed to Sir €. Liyell in
1844, and deseribed in the * Proceedings of the Geological Society”
in 1851, illustrating the habit of growth as actually seen well ex-
posed in a sandstone cliff. Abundant opportunities of verifying
the conclusions formed at that time have since oceurred, the results
of which have been summed up in the fignres in Acadian Geology,
which, though they have been treated by some botanisls as merely
restorations, ave in reality representations of facts actually observed.

On thess subjects, without entering into details, and referring
for these to the elaborate discussions of Schimper, Williamson, and
McNab, and to my paper on the suljeet,  Journal of the Geological
Soeciety,” vol, xxvii, p. b4, I may remark :
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1. That the aérial stems of ordinary Calamites had a thin cortieal
layer, with lacunwe and fibrons bundles and multiporous vessels—the
whole not differing much from the structure of modern Equiseta.

2. Certain arborescent forms, perhaps allied to the true Calamites,
as well as possibly the old underground stems of ordinary species*
assumed & thick-walled character in which the tissues resembled the
wedges of an exogen, and abundance of pseudo-sealariform fibres were
developed, while the ribbing of the external surface became obsolete
or was replaced by a mere irregular wrinkling,

d. Sufficient diserimination has not been exercised in separating
easts of the internal cavities of Calamites and Calamodendron from
those representing other surfaces and the proper external surface.

4. There is no excuse for attributing to Calamites the folinge of
Anmnularia, Asterophyllites, and Sphenophyllum, since these leaves
have not been found attached to true Calamite stems, and since the
structure of the stems of Asterophyllites as described by Williamson,
and that of Sphenophyllum as described by the writer,} are essen-
tially different from those of Calamites.

& As the species above deseribed indieates, good external char
acters can be found for establishing species of this genus, and these
species are of value as marks of geological age.

(Fenus ARCHFOCALAMITES, Sternberg,

This genus has heen established to include certain Calamites of
the Devonian and Lower Carboniferous, in which the furrows on the
stem do not alternate at the nodes or joints, and the leaves in one
species at least bifurcate. €. radiatus, Brongniart, is the typieal
species. In North Ameries il oceurs in the Hrian, probably as low
as the Middle Hrian, In Burope it has so far been recognised in the
Lower Carboniferous only. I have, however, seen stems from alleged
Devonian beds in Devonshire which may have belonged to this species.,

Family ASTEROPHYLLITER ; (lenus ASTEROPHYLLITES, Brongniart.

Stems ribbed and jointed like the Calamites, but with inflated
nodes and a stout internal woody eylinder, which has been deseribed
by Williamson. From the joints proceeded whorls of leaves ar of
branchlets, bearing leaves which differed from those of Calamites in
their having a distinet middle rib or vein. The fruetification eon-

* Williamson, “Transactions of the Royal Society.” McNab, in
“Proceedings of the Edinburgh Botanical Society.”
+ “Journal of the Geological SBociety,” 18686,
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sisted of long slender cones or spikes, having whorls of scales bear-
ing the spore-cases, Some authors speak of Asferophyllites as only
branches and leaves of Calamifes ; but though at first sight the re-
semblance is greaf, a close inspection shows that the leaves of As-
teraphyllites have a true midrib, which is wanting in Calamites.

Genus ANNSULARIA,—It is perhaps gquestionable whether these
plants should be separated from Asterophyllites. The distinction is
that they produce branches in pairs, and that their whaorls of leaves
are one-sided and usually broader than those of Asferopliyflites, and
united inte a ring at their insertion on the stem. One lititle species,
A, sphenophylloides, is very widely distributed.

PINNULARIA—a provisional genus—ineludes slender roots or stems
branching in a pinnate manner, and somewhat irregularly. They
are very abundant in the conl shales, and were probably not inde-
pendent plants, but aquatic roots belonging to some of the plants
last mentioned. The probability of this is farther increased by their
resemblance in miniature to the roots of Calamites. They are always
flattened, but seem originally to have been round, with a slender
thread-like axis of scalariform vessels, enclosed in a soft, smooth,
cellular bark,

Family ROIZOCARPEE ; Genus SPHENOPHYLLUM.

Teaves in whorls, wedge-shaped, with forking veins. Fructi-
fication on spikes, with verticils of sporocarps. These plants are
by some regarded as allied to the Calanitem and Asterophyllitee, by
others as a high grade of Rhizoearps of the type of Marsilin, The
stem had a star-haped central bundle of sealariform or reticulato-
sealariform vessels.

GFenus SPORANGITES.  (Sporocarpon, Williamson,)

Under this name we may provisionally include those rounded
spherical bodies found in the coal and its accompanying beds, and
also in the Trian, which may be regarded as Macrospores or Sporo-
carps of Prolosalvinia, or other Rhizocarpean plants akin to those de-
seribed above in Chapter ITT, which see for deseription.

Gtenus ProtossnyviztA.—Under this we include sporocarps allied
to those of Salvinia, as deseribed in Chapter TII.

Family Friicrs,

Under this head T shall merely refer to a few groups of special
interest, and to the provisional arrangement adopted for the fronds
of ferns when destitute of fructification,
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The external appearances of trunks of tree-ferns have been al-
ready referred to,

With respect to tree ferns, the oldest known examples are those
from the Middle Devonian of New York and Ohio, which T have de-
seribed in the “Journal of the Geological Society,” 1871 and 1881,
As these are of some inferest, I huve reproduced their descriptions
in & note appended to Chapter TIT, which see.

The other forms most frequently oceurring in the Carboniferous
are. Caulopterds, Palwopteris, and Megaphyton*  Stems showing
merely masses of afrial roots are known by the name Psarontus.

With reference to the classification of Palwozoic ferns, this has
hitherto been quile arbitrary, being based on mere form and vena-
tion of fronds, but mueh advance has recently been made in the
knowledge of their fructification, warranting a more definite at-
tempt at classification. The following are provisional genera usu-
ally adopted :

1. Cyelopteris, Brongniart.—Leaflets more or less rounded or
wedge-shaped, without midrib, the nerves spreacling from the point
of attachment. This group includes a great variety of fronds evi-
dently of differenf genera, were their fructification known : and some
of them probably portions of fronds, the other parts of which may
be in the next genus,

2. Newroplteris, Brongniart.—Fronds pinnate, and with the
leaflets narrowed at the base: midrib often not distinet, and disap-
pearing toward the apex. Nervures equal, and rising at an acute
angle. Fernsof this type are among the most abundant in the coal-
formation,

3. Odontopteris, Brongniart—In these the frond is pinnate, and
the leaflets are attached by their whole buse, with the nerves either
proceeding wholly from the base, or in part from an indistinet mid-
rib, which soon divides info nervures,

4. Dictyopteris, Gutbier—This is a beautiftul style of fern, with
leaflots resembling those of Newropteris, but the veins arranged in a
network of oval spaces. Only a few species are known in the coal-
formation.

5. Lonchopteris, Brongniart,—Ferns with netted veins like the
above, but with a distinet midrib, and the leaflets attached by the
whole base. Of this, also, we ecan bongt hut few species,

6. Sphenapleris, Brongniart.—These are elegant ferns, very nu-
merous in species, and most diffieult to discriminate. Their most

* Bee my ““ Acadian Geology,” also helow.
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distinetive characters are leaflets narrowed at the base, often lobed,
and with nervures dividing in a pinnate manner from the base.

7. Phyllopteris, Brongniart.—These are pinnate, with long lan-
ceolate pinnules, having a strong and well-defined midrib, and
nerves proceeding from it very obliquely, and dividing as they pro-
ceed toward the margin. The ferns of this genus are for the most
part found in formations more recent than the Carboniferous; but I
have referred o if, wilh some donbt, one of our specivs.

8. Alethopleris, Brongniart—This genus includes many of the
most ecommon coal-formation ferns, especially the ubiquitous A. lon-
chitice, which seems to have been the common brake of the coal-
formation, corresponding to Pleriz aquiling in modern Europe and
America, These are hrake-like ferns, pinnate, with leaflets often
long and narrow, decurrent on the petiole, adherent by their whole
base, and united at base to each other, The midrib is continuous to
the point, and the mervures run off from it nearly at right angles.
In some of these ferns the fruetification is known to have been mar-
ginal, as in Plerds.

9. Pecopleris, Drongniart.—This genus is infermediate between
the last and Newropferis. The leaflets are attached by the whole
base, but not nsually attached to sach other; the midrib, though
slender, attains to the summit; the nervures are given off less ob-
liguely than in Newroplerds. This genus includes a large number of
our most ecommon fossil ferns.

10. Beinertia, Goeppert.—A genus established by Goeppert for a
curious Pecopteris-like fern, with flexnous branching obliqus ner-
vures becoming parallel to the edge of the frond.

11, Hymenophyllites, Goeppert,—These are ferns similar to
Sphenopteris, but divided at the margin into one-nerved lobes, in the
manner of the modern genus Hymenuphyllum.,

12. Pualwopteris, Geinitz—This is a genus formed to include cer-
tain trunks of Lree-ferns with oval fransyerse scars of leaves.

18, Caulopteris, Lindley and Hutton.—Ts another genus of fossil
trunls of tree-forns, but with elongate scars of leaves.

14. Psaronius, Cotta.—Ineludes other trunks of tree-ferns with

- allernate scars or thick seales, and ordinarily with many adrial roots
grouped round them, as in some modern {ree-ferns.

15. Megaphyton, Artis—Ineludes trunks of tree-ferns which
bore their fronds, which were of great size, in two rows, one on each
side of the stem, These were very peculiar trees, less like modern
ferns than any of the others. My reasons for regarding them as
ferns are stated in the following extract from a recent paper:
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“Their thick stems, marked with linear sears and having two
rows of large depressed areoles an the sides, suggest no affinities to
any known plants, They are usually ranked with Lepidodendron
and Ulodendron, hut sometimes, and probably with greafer reason,
are regarded as allied to tree-ferns. At the Joggins a very fine
species (M. magnificurn) has been found, and at Sydney a smaller
species (M. kumile) ; but both are rare and not well preserved. If
the large scars bore eones and the smaller bore leaves, then, as Bron-
gniart remarks, the plant would much resemble Lepidophloios, in
which the cone-scars are thus sometimes distichous. But the scars
are not round and marked with radiating scales as in Lepidophloios ;
they are reniform or oval, and resemble those of tree-ferns, for which
reason they may be regarded as more probably leaf-scars; and in
that case the smaller linear scars would indicate ramenta, or small
agrial roots, Further, the plant described by Corda as Zippea dis-
ticha is evidently a Meguphyion, and the structure of that species is
plainly that of a treefern of somewbat peenliar type. On these
grounds T incline fo the opinion of Geinitz that these curions trees
were allied to ferns, and bore two rows of large fronds, the trunks
being covered with coarse hairs or small afrial roots. At one time I
was dispased to suspect that they may have crept along the ground;
but a specimen from Sydney shows the leaf-stalks proceeding from
the stem at an angle so acute that the stem must, I think, have been
erect. From the appearance of the scars it is probable that only a
pair of fronds were borne at one time at the top of the stem; ana, if
these were broad and spreading, it would be & very graceful plant.
To what extent plants of this type contributed to the acenmulation
of coal I have no means of ascerbaining, their tissues in the state of
coal mot being distinguishable from those of ferns and Lyeo-
podiaces.

16, For descriptions of the genus Areheeopteris and other Erian
ferns, see Chapter III,



CHAPTER V.
THE FLORA OF THE EARLY MESO0ZOIC.

GrpAT physical changes occurred at the close of the
Carboniferous age. The thick beds of gediment that had
been accumulating in long lines along the primitive con-
tinents had weighed down the earth’s crust. Slow sub-
sidence had been proceeding from this cause in the coal-
formation period, and at its close vast wrinklings occurred,
only surpassed by those of the old Laurentian time.
Hence in the Appalachian region of America we have the
Carboniferous beds thrown into abrupt folds, their shales
converted into hard slates, their sandstones into quartzite
and their coals into anthracite, and all this before the
deposition of the Triassic Red Sandstones which consti-
tute the earlicst deposit of the great succeeding Mesozoic
period. In like manner the coal -fields of Wales and
elgewhere in western Europe have suffered similar treat-
ment, and apparently at the same time.

This folding is, however, on both sides of the Atlantic
limited to a band on the margin of the continents, and to
certain interior lines of pressure, while in the middle, as
in Ohio and Illinois in America, and in the great interior
plains of Europe, the coal-beds are undisturbed and un-
altered. In connection with this we have an entire
change in the physical character of the deposits, a great
clevation of the borders of the continents, and probably
a congiderable deepening of the seas, leading to the estab-
lishment of general geographical conditions which still
remain, though they have been temporarily modified by
subsequent subsidences and re-elevations.
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Along with this a great change was in progress in
vegetable and animal life. The flora and fauna of the
Palwozoic gradually die out in the Permian and are re-
placed in the succeeding Trias by those of the Mesozoic
time. Throughout the Permian, however, the remains
of the eoal-formation flora conlinue to exist, and some
forms, as the Culamites, even seem to gain in importance,
as do also certain types of coniferous trees. The Triassic,
as well as the Permian, was marked by physical disturb-
ances, more especially by great voleanic eruptions dis-
charging vast beds and dykes of lava and layers of voleanic
ash and agglomerate. This was the case more especially
along the margins of the Atlantie, and probably also on
those of the Pacifie. The voleanic sheets and dykes as-
sociated with the Red Sandstones of Nova Scotia, Con-
necticut, and New Jersey are evidences of this.

At the close of the Permian and beginning of the
Trias, in the midst of this fransition time of physical
digturbance, appear the great reptilian forms character-
istic of the age of reptiles, and the earliest precursors of
the mammals, and at thiz time the old Carboniferous
forms of plants finally pass away, to be replaced by a
flora searcely more advanced, though different, and con-
sisting of pines, eycads, and ferns, with gigantic equiseta,
which are the suceessors of the genus Calamifes, a genns
which still survives in the early Trias. Of these groups
the conifers, the ferns, and the equiseta are already famil-
iar to us, and, in so far ag they are concerned, a botanist
who had studied the flora of the Carboniferous would
have found himself at home in the succeeding period.
The eycads are & new introduction, The whole, how-
ever, come within the limits of the eryptogams and the
gymmosperms, 2o that here we have no advance.®

* Fontaine’s “ Barly Mesozoie Flora of Virginia” gives a very good
summary of this flora in America,
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As we azeend, however, in the Mesozoie, we find new
and higher types. Even within the Jurassic epoch, the
next in succession to the Trias, there are clear indica-
tions of the presence of the endogens, in species allied to

P

Fie. 64.—Jumssic vegetation, Cyeads and pines. (After Baporta.)

the screw-pines and grasses; and the palms appear a

little later, while a few exogenous trees have left their

remains in the Lower Cretaceous, and in the Middle and

Upper Cretaceous these higher plants come in abund-

antly and in generie forms still extant, so that the dawn

of the modern flora belongs to the Middle and Upper
X
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Oretaceous. It will thus be convenient to confine our-
selves in this chapter to the flora of the earlier Mesozoic.

Passing over for the present the cryptogamous plants
already familiar in older deposits, we may notice the new
features of gymnospermous and pheenogamous life, as they
present themselves in this earlier part of the great rep-
tilian age, and as they extended themselves with remark-
able uniformity in this period over all parts of the world.
For it is a remarkable fact that, if we place together in
our collections fossil plants of this period from Australia,
India, China, Siberia, Europe, or even from Greenland,
we find wonderfully little difference in their aspeet., This
uniformity we have already seen prevailed in the Palmo-
zoic flora; and it is perhaps egually marked in that of
the Mesozoie. Still we mnst bear in mind that some
of the plants of these periods, as the ferns and pines,
for example, are still
world-wide in theip
distribution ; buf this
does not apply to oth-
ers, more especially
the eyecads (Fig. 65).

The eycads consti-
tute a singular and ex-
ceptional type in the
modern world, and
are limited at present
to the warmer cli-
mates, though very

generally distributed

Fic. 65.—DPodozamites lanceolatus, Sternb., 3 i 1]
i s ety in these, as they oc

cur in Afriea, India,
Japan, Australia, Mexico, Florida, and the West Indies.
In the Mesozoic age, however, they were world-wide in
their distribution, and are found as far north as Green-
land, though most of the species found in the Cretaceous
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of that country are of small size, and may have been of
low growth, so that they may have been protected by the
snows of winter. The eycads have usnally simple or un-
branching stems, pinnate leayes borne in a crown at top,
and fruits which, though somewhat various in structure
and arrangement, are all of the gimpler form of gymno-
gpermons type. The stems are exogenous in structure,
but with slender wood and thick barl, and barred tissue,
or properly as tissue intermediate between this and the
dige-bearing fibreg of the pines.

Though the cycads have a considerable range of or-
ganisation and of fructification, and though some points
in reference to the latter might assign them a higher
place, on the whole they seem to occupy a lower position
than the conifers or the cordaites of the Carboniferous.
In the Carboniferous some of the fern-like leaves assigned
to the genus Noeggerailia have been shown by Stur and
Weiss to have been gymunogperms, probably allied to
cycads, of which they may be regarded at least as pre-
cursors. Thus the cyeadean type does not really consti-
tute an advance in grade of organisation in the Megozoie,
any farther than that, in the period now in question, it
becomes much more developed in number and variely of
formg. But the conifers would seem to have had preced-
ence of it for a long time in the Paleozoie, and it replaces
in the Mesozoic the Cordaites, which in many respects
excelled it in complexity.

_ The greater part of the cycads of the Mesozoic age
wonld seem to have had short stems and to have consti-
tuted the undergrowth of woods in which conifers at-
tained to greater height. An interesting case of this is
the celebrated dirt-bed of the quarries of the Igle of Port-
land, long ago described by Dean Buckland. In this
fossil soil trunks of pines, which must have attained to
great height, are intergpersed with the short, thick stems
of cyeads, of the genus named Cyeadoidea by Buckland,
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and which from their appearance are ealled ¢ fossil
birds’ nests” by the quarrymen. Some, however, must
have attained a considerable height so as to resemble
palms,

The cycads, with their simple, thick trunks, usnally
marked with rhombie sears, and bearing broad spreading
crowns of large, elegantly formed pinnate leaves, must
have formed a prominent part of the vegetation of the
northern hemisphere during the whole of the Mesozoie
period. A botanist, had there been such a person at the
time, would have found this to be the case everywhere
from the equator to Spitzbergen, and probably in the
southern hemisphere as well, and this throughout all the
long periods from the Early Trias to the Middle Cre-
taceous. In a paper publighed in the * Linnman Trans-
actions™ for 1868, Dr. Carruthers enumerates twenty spe-
cies of British Mesozoic eyeads, and the number might
now be congiderably inereased.

The pines present some features of interest. We have
alrendy seen their connection with the broad-leaved Cor-
daites, and in the Permian there are some additional
types of broad-leaved conifera,
In the Mesozoie we have creat
numbers of beautiful trees,
with those elegant fan-shaped
leaves characteristic of but one
living species, the Sulisburia,
or gingko-tree of China. It is
curious that this tree, though

—Sulishuria (Gingk A .
Fm.s@fiﬁvmwﬁlei T( u(}'lgm‘:} now limited to eastern Asia,

ceols, Miberia and North

il will grow, though it rarely

fruits, in most parts of tem-
perate Europe, and in America as far north as Montreal,
and that in the Mesozoic period it occupied all these re-
giong, and even Siberia and Greenland, and with TGRS
and diversified species (Fig. 66).
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Salisburia belongs to the yews, but an equally curious
fact applies to the eypresses. The genus Sequoia, limited
at present to two species, both (alifornian, and one of
fhem the so-called “big tree,” celebrated for the gigantic
size to which it attains, is represented by species found as
far back at least as the Lower Cretaceous, and in every
part of the northern hemi-
sphere.® 1t seems to have
thriven in all these regions
throughout the Mesozoic
and early Kainozoie, and
then to have disappeared,.
leaving only a small rem-
nant to represent it in
modern days. A number
of species have been de-
seribed from the Mesozoic
and Tertiary, all of them
closely related to those now
existing (Fig. 67).

The following notice of
these trees is for the most
part translated, with some
modifications and abridg-
ment, from a paper read
by the late Prof. Heer bo-
fore the Botanical Section
of the Swiss Natural His-
tory Society :

. Fia, B7.—Sequoin Smithi Heer.
The name iteelf deserves T H—Spuote Betlians, Has

consideration. It is that

of an Indian of the Cherokee tribe, Sequo Yah, who in-
vented an alphabet without any aid from the outside world
of culture, and taught it to his tribe by writing it upon

# In the Eocone of Australia,
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leaves. This came into general use among the Chero-
kees, before the white man had any knowledge of it ; and
afterward, in 1828, a periodical was published in this
character by the missionaries. Sequo Yah was banished
from his home in Alabama, with the rest of his tribe, and
settled in New Mexico, where he died in 1843,

When Endlicher was preparing his gynopsis of the
conifers, in 1846, and had established a number of new
genera, Dr. Jacbon Tschudi, then living with Endlicher,
brought before his notice this remarkable man, and asked
him to dedicate this red-wooded tree to the memory of a
literary genius so conspicuous among the red men of
Amerieca. Endlicher consented to do so, and only en-
deavored to make the name pronounceable by changing
two of its letters.

Endlicher founded the genus on the redwood of the
Americans, Taxodium sempervirens of Lamb ; and named
the species Sequoia sempervirens. These trees form large
forests in California, which extend along the coast as far
as Oregon. Trees are there met with of 300 feet in height
and 20 feet in diameter. The sceds have been brought
to Hurope a number of years ago, and we already see in
upper Italy and around the Lake of Geneva, and in Eng-
land, high trees; but, on the other hand, they have not
proved successful around Zurich.

In 1852, a second species of Sequoia was disecovered in
California, which, under the name of big tree, soon at-
tained a considerable celebrity. Lindley described it, in
1863, as Wellingtonia gigantea ; and, in the following
year, Decaisne and Torrey proved that it belonged to
Sequoia, and that it aceordingly should be called Sequoia
Jigantea.

While the Sequoia sempervirens, in spite of the de-
structiveness of the American Inmbermen, sfill forms
large forests along the coast, the Sequoia giganten is con-
fined to the isolated clumps which are met with inland at
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a height of 5,000 to 7,000 feet above sea-level, and are
much sought after by tourists as one of the wonders of
the country. Reports came to Europe concerning the
largest of them which were quite fabulous, but we have
reccived accurate accounts of them from Prof. Whitney.
The tallest tree measured by him has a height of 325
feet, and in the case of one of the trees the number of the
rings of growth indicated an age of about 1,300 years.
It had a girth of 50 to 60 feet.

We know only two living species of Sequoia, both of
which are confined to California. The one (& semper-
virens) is clothed with erect leaves, arranged in two rows,
very much like our yew-tree, and bears small, round
cones ; the other (8. giganten) has smaller leaves, set
closely against the branches, giving the tree more the ap-
pearance of the cypress. The cones are egg-shaped, and
much larger. These two types are therefore sharply de-
fined.

Both of these trees have an interesting history. 1f we
go back into the Tertiary, this same genus moeets us with
a long array of speeies.  Two of these species correspond
to those living at present: the S LZangsdorfii to the S.
sempervirens, and the S Chulisiw to the S. gigantea.™
But, while the living species are confined to California, in
the Tertiary they are spread over scveral quarters of the
globe.

Let us first consider the Seguoie Langsdorfii. This
was first discovered in the lignite of Wetteran, and was
deseribed as Tuwites langsdorfii. Teer found it in the
upper Rhone district, and there lay beside the twigs
the remains of a cone, which showed that the Zawifes
Langsdorfii of Brongniart belonged to the (Californian
gonus Sequoie established by Endlicher. He afterward

* 8 Chuttsice has leaves like 8. gigantsa, and cones like those of 8.
SERPETVINENS,
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found much better preserved cones, together with seeds,
along with the plants of east Greenland, which fully
confirmed the determination. At Atanekerdluk in
Greenland (about 70° north latitude) this tree is yvery
common. The leayes, and also the flowers and numerous
cones, leave no doubt that it stands very near to the
modern redwood. It differs from it, however, in hay-
ing a much larger number of scales in the cone. The tree
is also found in Spitzbergen at nearly $8° north latitude,
where Nordenskiold has collected, at Cape Liyell, wonder-
fully preserved branches. From this high latitude the
species can be followed down through the whole of Eu-
rope as far as the middle of Ttaly (at Senegaglia, Gulf of
Spezia). In Asia, also, we can follow it to the steppes
of Kirghisen, to Possiet, and to the coast of the Sea of
Japan, and across to Alaska and Sitka. It is recognized
by Mr. Starkie Gardner as one of the species fonnd in
the Eocene of Mull in the Hebrides.* It is thus knewn
in Europe, Asia, and Ameriea, from 43° to 78° north
latitude, while its most nearly related living species, per-
haps even descended from it, is now confined to Cali-
fornia.

With this S. Langsdorfii, three other Tertiary species
are nearly related (S. brevifolio, Hr., 8. disticha, Hr,
and 8. Nordenskioldi, Hr.). These have been met with in
Greenland and Spitzbergen, and one of them has lately
been found in the United States. Three other species, in
addition to these, have boen deseribed by Lesquereux,
which appear to belong to the group of the 8. Lanygsdorfii,
Viz., 8. longifolia, Lesq., S. angustifolia, and 8. acu-
minata, Lesq. Several species also oceur in the Creta-
ceous and Hocene of Canada.

These species thus answer to the living Sequoia sem-
pervirens ; but we can also point to Tertiary Tepresen-

o ——

* 1t is Fareites Compbelli of Forhes,
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tatives of the S. gigenfea. Their leaves are stiff and
gharp-pointed, are thinly set round the branches, and lie
forward in the sume way : the egg-shaped cones are in
some eases similar, '

There are, however, in the early Tertiary six species,
which fill up the gap between S sempervirens and S
gigentea. They are the S. Couftsie, S. affinis, Lesq.,
8. snbricete, Hr., S. stbirica, Hr., S. Heerid, Lesq., and
8. biformis, Lesq. Of these, S. Couttsie, Hr., is the
most eommon and mest important species. It has short
leaves, lying along the branch, like 8. gigantes, and
gmall, round cones, like S. Lungsdorfii and seimpervirens.
Bovey Tracey in Devonshire has afforded splendid speci-
mens of cones, seeds, and twigs, which have been deseribed
in the ¢ Philosophieal Transactions.” More lately, Count
Saporta has deseribed specimens of cones and twigs from
Armissan. Specimens of thig species have also been found
in the older Tertiary of Greenland, go that it must haye
had a wide range. Tt ig very like to the American S.
ajffinis, Lesq.

In the Tertiary there have been already found fourteen
well-marked species, which thus include representatives
of the two living types, 8. sempervirens and S, giganiea.

We can follow this genus still further bacle, It we go
hack to the Cretaceous age, we find ten gpecics, of which
five oceur in the Urgon of the Lower Cretaceous, two in
the Middle, and three in the Upper Cretaceous. Among
these, the Lower Cretaceous exhibits the two types of the
Sequoia sempervivens and S, gigantea. To the former
the 8. Smithiena answers, and to the latter, the Relolien~
bachii, Gein. The S Smithiene stands indeed nncom-
monly near the 8. Langsdorfii, both in the appearance of
the leaves on the twigs and in the shape of the cones.
These are, however, smaller, and the leaves do not become
narrower toward the base. The S pecfina, Hr., of the
Upper Cretaceous, has its leaves arranged in two rows, and
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presents a similar appearance. The S. Reichenbachii is a
type more distinet from those now living and those in
the Tertiary. It has indeed stiff, pointed leaves, lying
forward, but they are arcuate, and the cones are smaller.
This trec has been known for a long time, and it serves
in the Cretaceous as a guiding star, which we can follow
from the Urgonian of the Lower Cretaccous up to the
Cenomanian. It is known in France, Belgium, Bohemia,
Saxony, Greenland, and Spitzbergen (also in Canada and
the United States). It has been placed in another genus
—Geinitzia—but we can recognise, by the help of the
cones, that it belongs to Sequoia.

Below this, there is found in Greenland a nearly re-
lated species, the S. ambigua, Ir., of which the leaves
are shorter and broader, and the cones round and some-
what emaller,

The connecting link between S. Smithiana and Reich-
enbachii is formed by . subulata, Hr., and 8. rigida,
Hr., and three species (S. gracilis, Hr., S. fostigiata and
8. Gardneriana, Carr.), with leaves lying closely along the
branch, and which come very near to the Tertiary species
8. Couttsie. We have therefore in the Cretaceons quite
an array of species, which fill up the gap between the S.
sempervirens and giganten, and show us that the genus
Sequoia had already attained a great development in the
Cretaceous. This was still greater in the Tertiary, in
which it also reached its maximum of geographical dis-
tribution. Into the present world the two oxtremes of
the genus have alone continued ; the numerous species
forming its main body have fallen out in the Tertiary.

If we look still further back, we find in the Jura a
great number of conifers, and, among them, we meet in
the genus Pinus with a type which is highly developed,
and which still survives ; but for Sequoia we have till now
looked in vain, so that for the present we can not place
the rise of the genus lower than the Urgonian of the Cre-
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taceous, however remarkable we may think it that in that
period it should have developed into so many species ; and
it is gtill more surpricing that two species already make
their appearance which approach so near to the living
Sequota sempervirens and S. gigantea.

Altogether, we have become acquainted, up to the
present time, with twenty-six species of Sequoia. Four-
teen of these species are found in the Arctic zone, and
have been described and figured in the *“ Fossil Flora
of the Arctic Regions.” Sequoia has been recognised by
Ettingshausen even in Australia, but there in the Eocene.

This is, perhaps, the most remarkable record in the
whole history of vegetation. The Sequoias arve the giants
of the conifers, the grandest representatives of the family,
and the fact that, after spreading over the whole northern
hemisphere and attaining to more than twenty specific
forms, their decaying remnant should now be confined to
one limited region in western America and to two speeics
constitutes a sad memento of departed greatness.® The
small remnant of 8 gigantea still, however, towers above
all competitors, as eminently the ¢ big trees ™ ; but, had
they and the allied species failed to escape the Tertiary
continental submergences and the disasters of the glacial
period, this grand genus would have been to us an extinet
type. In like manner the survival of the single gingko
of eagtern Asia alone enables ns to understand that
great serics of taxine trees with fern-like leaves of which
it ig the sole representative.

Besides these peculiar and now rare forms, we have in
the Mesozoic many others related closely to existing yews,
eypresses, pines, and spruces, so that the conifers were
probably in greater abundance and variety than they are
at this day.

* The writer has shown that much of the material of the great lignite
beds of the Canadian Novthwest eonsists of wood of Seguoie of both the
modern types.
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In this period, also, we find the earliest representatives
of the endogenous plants. It is true that some plants
found in the coal-formation have been doubtfull ¥ re-
ferred to these, but the earliest certain examples would
seem to be some bamboo-like and serew-pine-like plants
oceurring in the Jurassic rocks. Some of these are, it is
true, doubtful forms, but of others there seems to be no
question. The modern Pandanus or serew-pine of the
tropical regions, which is mot a pine, however, but a
humble relation of the palms, is a stiffly branching tree,
of a candelabra-like form, and with tufts of long leaves
on its branches, and nuts or great hard berries for fruit,
borne sometimes in large masses, and so protected as to
admit of their drifting uninjured on the sea. The stems
are supported by masses of atérial roots like those which
strengthen the stems of tree-ferns. These structures and
habits of growth fit the Pandanus for its especial habitat
on the shores of tropical islands, to which its masses of
nutg are drifted by the winds and currents, and on whoge
shores it can establish itself by the aid of its agrial roots.

Some plants referred to the eycads have proved veri-
table botanieal puzzles. One of these, the Willivmsonia
gigas of the English oblite, originally discovered by my
friend Dr. Williamson, and named by him Zamia gigas, a
very tall and beautiful species, found in rocks of thisage in
varions parts of Europe, has been claimed by Saporta for
the Endogens, as a plant allied to Pandanus. Some
other botanists have supposed the flowers and fruits to be
parasites on other plants, like the modern Rafftesie of
Sumatra, but it is possible that after all it may prove to
have been an aberrant cycad.

The tree-palms are not found earlier than the Middle
Cretaceons, where we shall notice them in the next chap-
ter. In like manner, though a fow Angiosperms occur
in rocks believed to be Lower or Lower Middle Cretaccons
in Greenland and the northwest territory of Canada, and
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in Virginia, these are merely precursors of those of the
Upper Cretuceons, and are not sufficient to redeem the
earlier Cretaceous from being a period of pines and cycads,

On the whole, this early Mesozoic flora, so far as
known to us, has a monotonous and mean appearance.
Tt no doubt formed vast forests of tall pines, perhaps re-
sembling the giant Sequoias of California ; but they must
for the most part have been dark and dismal woods,
probably tenanted by few forms of life, for the great rep-
tiles of this age must have preferred the open and sunny
coasts, and many of them dwelt in the waters. Still we
must not be too sure of this, The berries and nuts of the
numerous yews and cycads were capable of affording
much food. We lmow that in this age there were many
great herbivorous reptiles, like fguanodon and Hadrosau-
rus, some of them fitted by their structure to feed upon
the leaves and fruits of trees. There were also several
kinds of small herbiverous mammalg, and mueh insect
life, and it is likely that few of the inhabitants of the
Megozoie woods have been preserved ag fossila. We may
yet have much to learn of the inhabitants of these forests
of ferng, cycads, and pines. We mnst not forget in this
connection that in the present day there are large islands,
like New Zealand, destitute of mammalia, and having a
flora comparable with that of the Mesozoic in the northern
hemisphere, thongh more varied. We have also the re-
markable example of Australia, with a much richer flora
than that of the early Mesozoic, yet inhabited only by
non-placental mammals, like those of the Mesozoic.

The principal legacy that the Mesozoic woods have
handed down to our time is in some beds of coal, locally
important, but of far less extent than those of the Car-
boniferaus period. Still, in America, the Richmond coal-
field in Virginia is of this age, and go are the anthracite
beds of the Queen Charlotte Islands, on the west coast of
Canada, and the coal of Brora in Sutherlandshire, Valu-
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able beds of coal, probably of this age, also exist in China,
India, and South Africa ; and jet, which is so extensively
used for ornament, is principally derived from the ear-

bonised remaing of the old Mesozoic pines.

In the next chapter we have to study a revolution in
vegetable life most striking and unique, in the advent of
the forest-trees of strictly modern types.

NOTE T0O CHAPTER V.

T AppExD to this chapter o table showing the plant-hearing series
of the Cretaceous and Laramie of North Ameriea, from a paper in
“ Trans, R. S, .," 1885, which see for further details:

(I DESCENDING ORDER.)

Periods, Floras and subfloras. References.

Transition | Upper Laramie or Poreu- P%trﬁﬁz‘ff b"d_ﬁé’{ oan Eﬁﬁ" St
Hacene to pine Hill. Fort Union vey of *Canada for 1679 and Me-
Oretaceous, group, U. 8. territory, | rooir of 1885, e 3

Middle Tiaramiec or Willow
Creck beds. ) .
Lemna and Pistia beds of bad lands
Lower Laramie or St of dfith parallel, Red Deer River,
o Mary River. &e,, with lignites. Report 49th

Cianon Parallel and Memoir of 1885,
(Manian ang|| Lox Hill series . .u... Mariue,

‘Sa Gonian); || OTUPIErTe SarieH, . oL Marine.

Belly RIVED.. . ..ouvesasinas

Coal mepsures of Nanni- | { Memoir of 1563,

mo, B.0., probably here.

ySequola and Brasenia beds of 8.

5 Saskatchewan, Belly River, &e.,
with lignites. Memoir of 1885,

: Many dicotyle-

{ dons, palms, &c.

Middle Creta-

Dunvegan series of Peace

]Memotr of 1883, Many dicotyle.

River. Dakota group,
ceous (Tu- 3 Bronp, dons, eyeads, &c,
ronign and l; 5. Amboy clays, G 2
Cenomani- O Jew | | Dicotyledonons leaves, similar to
an), M}g(f‘.ﬁ&]ﬁ;‘?ds ot Rocky t Dakota group of the U. 8. Me-

Suskwa River beds and
@ueen Charlotte Island

moir of 1885,

] Cycads, pines, a féw dicotyledons.

Lré\(\'lg'lriBCr(cﬁg- ;g:.l ﬁ%ﬂ?:. ;?Uetﬁ:;gﬂ: [ Report Geol. Burvey. “Memoir
ocominn, Mountaing.  Potomac of 1

&e)

series of Virginia.

Kontanie serigs of Rocky
Mountains,

| Cyeads, pines, and ferns. Memoir
{ of 1585,




OHAPTER VL

TIIE REIGN OF ANGIOSPERMS IN THE LATER CRETACEOUS
AND KAINOZOILC.

It is a remarkable fact in geological chronology that
the culmination of the vegetable kingdom antedates that
of the animal. The placental mammals, the highest
group of the animal kingdom, are not known till the be-
ginning of the Hocene Tertiary. The dicotyledonous
Angiosperms, which eorrespond
to them in the vegetable king-
dom, oceur far earlier—in the
beginning of the Upper Cre-
taceous or close of the Lower
Cretaceous. The reign of cy-
cads and pines holds through-
out the Lower Cretaccous, but
at the close of that age there 13
a sudden incoming of the high-
er plants, and a proporfionate
decrease, more especially of the
cycads.

. Fra. 68, —Populus primeva,
1 have already referred to the i - Cretieous. o

angiospermous wood supposed Greenland.  One of the
. oldest known Angio-
to be Devonian, but I fear to Sperms.

rest any conclusion on this iso-

lated fact. Beyond this, the earliest indications of
plants of this class have been found in the Lower
Cretaceous. Many years ago Ieer described and fig-
ured the leaves of a poplar (Populus primeva) from
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the supposed Lower Cretaceouns of Komé, in Greenland
(Fig. 68). Two species, a Stereulio and a Laurus or
Saliz, oceur among fossils deseribed by me in the upper
part of the Kootanie series of the Rocky Mountains, and
Fontaine has recently found in the Potomac group of
Virginia—believed to be of Neocomian age—several angio-
spermous species (Sassafras, Menispermites, Sapindus,
Aralia, Populus, &e.) mixed with a rich flora of cycads
and pines. These are the early forerunners of the mod-
ern angiospermous flora ; but so far as known they do
not occur below the Cretaceous, and in its lower portions
only very rarcly. When, however, we aseend into the
Upper Cretaceons, whether of Europe or America, there
is 4 remarkable incoming of the higher plants, under
generic forms gimilar to those now existing. This i, in
truth, the advent of the modern flora of the temperate
regions of the earth. A very interesting tabular view of
its early distribution is given by Ward, in the “American
Journal of Science ” for 1884, of which the following is a
synopsis, with slight emendations. I may add that the
new digcoverics made since 1884 would probably tend to
inerease the proportionate number of dicotyledons in the
newer groups.

Dicoryrepoxovs Trers 8 THE CRETACEOTS.

Upper Senoniun! .. ... .. Socr et o S b LS e 179 species,
(Fox TIill group of America,)
L I R 81 gpecies.

Upper white chalk of Europe Fort Pierre
group of America: coal-measures of Na-
naimo ?
e G e S e e e e 20 species,
Lower white chalk; New Jergey marls;
Belly R. group.
CerOmmamian,, « e ovis e s oo/ nnnn e seses e - . 357 species.
(Chall-marl, grcensand and Gault, l\lobrnra.
and Dakota groups of America); Dun-
vegan group of Canada; Amboy clays of
New Jersey.
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ORI S RN s A S N s e A e e 20 species.*
(Lower greensand and Speeton clay, Wealden
and Hastings sands, Kootanie and Queen
Charlotte groups of Canada.)

Thus we have a great and sudden inswarming of the
higher plants of modern types at the close of the Lower
(Uretaceous. In relation to this, Saporta, one of the most
enthusiastic of evolutionists, is struck by this phenome-
non of the sudden appearance of so many formeg, and
some of them the most highly differentiated of dicotyle-
donons plants. The ecarly stages of their evolution may,
he thinks, have been obscure and as yet unobserved, or
they may have taken place in some separate region, or
mother country as yet undiscovered, or they may have
been produced by a rapid and unusgual multiplication of
flower-haunting insecte! Or it iz even conceivable that
the apparently sudden elevation of plants may have been
due to canses still unknown. This lagt seems, indeed,
the only certain inference in the case, since, as Saporta
proceeds to gay in conclusion : “ Whatever hypothesis
one may prefer, the fact of the rapid maltiplication of
dicotyledons, and of their gimnltaneons appearance in
a great number of places in the northern hemisphere at
the beginning of the Cenomanian epoch, cannot be dis-
pubed.” 4

The leaves deseribed by Heer, from the Middle Cre-.
taceous of Greenland, are those of a poplar (P. prinwea).
Thoge which T have described from a corresponding hori-
zon in the Rocky Mountains ave a Sterculites (S. vetus-
tulw), probably allied to the mallows, and an elongated
leaf, Laurophyllum (L. crossinerve) (Fig. 69), which
may, however, have belonged to a willow rather than a
laurel. These are certainly older than the Dakota group

# Tncluding an estimate of Fontaine's undeseribed species.
+ * Monde des Plantes,” p. 197,
0
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of the United States and the corresponding formations
in Canada. On the eastern side of the American conti-
nent, in Virginia, the Potomac series is supposed to be
of Lower Cretaceous age,
and here Fontaine, as
already stated, has found
an abundant flora of ey-
cads, conifers, and ferns,
with a few angiosperm-
oug leaves, which have
not yet been described.

In the Canadian Rocky
Mountains, a few hun-
dreds of feet above the
beds holding the before-
mentioned species, are the
Fie. 68.—Slerealic and Zawrophyllum  shales of the Mill Creek

o 15 the Crelaasois of Ganads,  sries, rich in' many spe-
cies of dicotyledonous
leaves, and corresponding in age with the Dakota group,
whose fossils have been so well described, first by Heer
and Capellini, and afterward by Lesquerenx. We may
take this Dakota group and the quader-sandstone of Ger-
many as types of the plant-bearing Cenomanian, and may
notice the forms occurring in them.

In the first place, we recognise here the snccessors of
our old friends, the ferns and the pines, the latter repre-
sented by such genera as Zazites, Sequoin, Glyplostrobus,
Giingko, and even Pinus itself. We also have a fow
cycads, but not so dominant as in the previous ages.
"The fan-palms are well represented, both in America and
in the corresponding series in Europe, especially by the
genus Sabal, which is the characteristic American type of
fan-palm, and there i8 one genus which Saporta regards
a8 intermediate between the fan-palms and the pinnately
leaved species. There are also many fragments of stems
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and leaves of carices and grasses, so that these plants, now
so important to the nourishment of man and his com-
panion animals, were already represented.

Fia. 70.—Vegetation of Later Cretaceous. Exogens and palms. (After
Suporta, )

But the great feature of the time was its dicofyle-
donons forests, and I have only to enumerate the genera
supposed to be represented in order to show the richness
of the time in plants of this type. It may be necessary
to explain here that the generic names used are mostly
based on leaves, and consequently cannot be held as being
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absolutely certain, since we know that at present one
genus may have considerable variety in its leaves, and, on
the other hand, that plants of different genera may be
very much alike in their folinge. There is, however, un-
doubtedly a likeness in plan or type of structure in leaves
of closely allied plants, and, therefore, if judiciounsly
studied, they can be determined with at least approxi-
mate certainty.® More especially we can attain to much
certainty when the fruits as well as the leaves are found,
and when we can obtain specimens of the wood, showing
ite structure. Such eorroboration is not wanting, though
unfortunately the leaves of trees are generally found
drifted away from the other organs once connected with
them. In my own experience, however, I have often
found determinations of the leaves of trees confirmed by
the digcovery of their fruits or of the structure of their
stems. Thus, in the rich eretaceons plant-beds of the
Dunvegan series we have beech-nuts associated in the
game beds with leaves referred to Fegus. In the Laramie
beds I determined many years ago nuts of the Zrape
or water-chestnut, and subsequently Lesquereux found,
in beds in the United States, leaves which he referred to
the same genuz. Later, I found in collections made on
the Red Deer River of Canada my fruits and Lesquerenx’s
leaves on the same slab. The presence of trees of the
genera Coryw and Juglans in the same formation was in-
ferred from their leayes, and specimens have since been
obtained of silicified wood, with the microscopic structure
of the modern butternut. Still we are willing to admit
that determinations from leaves alone are liable to doubt.

In the matter of names of fossil leaves, I sympathise
very strongly with Dr. Nathorst, of Stockholm, in his

* Great allowance has to be made for the variability of leaves of the
same species. The modern hazel (. rostrada) is a case in point. Its
leaves, from different parts of the same plant, are so dissimilar in form
and size that they might readily be regarded as of different species.
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objection to the use of modern generic names for mere
leaves, and would be quite content to adopt some non-
committal termination, as that of *“ phylium” or “*ites”
suggested by him. T feel, however, that almost as much
i3 taken for granted if a plant iz called Corylophyllum or
Corylites, as if called Corylus. In either case a judgment
is expressed uas to its affinities, which if wrong under the
one term is wrong under the other; and after so much has
been done by so many eminent botanists, it scems inex-
pedient to change the whole nomenclature for so small
and questionable an advantage. I wish i, however, to
be distinetly understood that plants catalogued on the
evidence of leaves alone are for the most part referred to
certain genera on grounds necessarily imperfect, and
their names are therefore subject to correction, as new
facts may be obtained.

The more noteworthy modern genera included in the
Dakota flora, as catalogned by Lesquerenx, are the follow-
ing : Liguidambar, the sweet-gum, is represented both in
America and Burope, the leaves resembling those of the
modern gpecieg, but with entire edges, which seems to be
a common peculiarity of CUrctaceous folinge.® Populus
(poplar), as already stated, appears very early in Green-
land, and continues with increasing number of species
throughout the Cretaceous and Tertiary. Saliz (willow)
appears only a little later and eontinues. Of the family
Cupuliferee we have Fagus (beech), Quercus (oak), and
Castanea (chestnut), which appear together in the Dakota
group and its equivalents. Fruits of some of the species
are known, and also wood showing structure. Belula

* With reference to this, something may be learned from the leaves
of modern trees. In these, young shoots have leaves often less toothed
and serrated than thoge of the adult tree. A remarkable instanee is the
POpu‘!m grandidentatus of America, the young shoots of which have en-
tive leaves, quite unlike except in venation those of the parent tree, and
having an aspect very similar to that of the Cretaccous poplars,
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(birch) is represented by a few species, and specimens of
its peculiar bark are also common. Alnus (alder) ap-
pears in one specics at leagt. The genus Platanus (Fig.
1), that of the plane-trees, represented at present by one

g
-
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Fra. 71.—Platanus nolilis, Newberry, variety basilobata. Laramie.
Much reduced.

European and one American species, has several species
in the Cretaceous, though the plane-trees seem to culmi-
nate in the early part of the succeeding Eocene, where
there are several species with immense leaves. The large
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leaves, known as Credneria, found in the Cenomanian of
Europe, and those called Protophyllum (Fig. 72) in
America, appear to be nearer to the plane-trees than to
any others, though representing an extinet type. The
laurels are represented in this age, and the American
genus Sussafras, which hag now only one species, has not
one merely but several species in the Cretaceous. Dios-
pyros, the persimmon-tree, was also a Cretaceous genus.

Tra, 79— Pratophylium boreale, Dawson, reduced. Upper Cretaccous,
Canada.

The single species of the beautiful Liriodendron, or tulip-
tree, is a remnant of a genus which had several Cretaceous
species (Figs. 74, 75). The magnolias, still well repre-
sented in the American flora, were equally plentiful in the
Cretaceons (Fig. 73). The walnut family were well repre-
sented by species of Juglans (butternut) and Carya, or
hickory. In all, noless than forty-eight genera are pres-
ent belonging to at least twenty-five families, running
through the whole range of the dicotyledonons exogens.
"This is a remarkable result, indieating a sudden profusion
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of forms of these plants of a very striking charaeter, Tt
is further to be observed that some of the genera have
many sgpecies in the Cre-
taceous and dwindle to-
ward the modern. In
others the reverse is the
case—they have expand-
ed in modern times, In
anumber there seems to
bhave been little change.

Dr. Newberry has
given, in the * Bulletin
of the Torrey Botanical

N 4 p 4 Club,” an interesting
SN S résumé of the history
(/\ Al / / of the beantiful Lirio-
] ‘| dendron, or tulip-tree,
A A which may be taken as
N A ¢ an example of a genus
: L which has gone down
A \ in importance in the
| = course of its geological

S 1% i history.
NY 7 “The genus Lirio-
. , / dendron, as all botan-
i L : igts know, is represent-
\,; ed in the present flora
\" by a single species, ¢ the
7y tulip-tree,” which is con-
fined to eastern Amer-
ica, but grows over all
' the area lying between
! the Lakes and the Gulf,
i, the Mississippi and the

Fic. 78.— Magnolia magnifics, Dawson, A'tlsmtlc. It is a mag-
reduced. Upper Cretaceous, Canada,  pificent tree, on the
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whole, the finest in our forests. Its eylindrical trunk,
sometimes fen feet in diameter, earries it beyond all its
associates in size, while the beauty of its glossy, lyre-
ghaped leaves and tulip-
like flowers is only sur-
passed by the flowers and

foliage of its first cous- s
in, Magnolia grandiflora.
That a plant so splendid \ /

i

Fio. th—Liriodendron Meekii,  Fro. T5.—Liriodendron primevum,
Heer., (After Lesquereux.) Newberry. (After Newberry.)

ghould stand quite alone in the vegetation of the present
day excited thoe wonder of the earlier botanists, but the
sagsafras, the sweet-gum, and the great Sequoias of the far
West afford similar examples of igolution, and the latter
are still more striking illustrations of solitary grandenr.”
(Figs. 74 and 75.)

¢ Three species of Liriodendron are indicated by leaves
found in the Amboy clays—Middle Cretaceous—of New
Jersey, and others have been obtained from the Dakota
group in the West, and from the Upper Cretaceous strata
of Greenland. Thongh differing considerably among
themselves in gize and form, all these have the deep sinus
of the npper extremity so characteristic of the genus,
and the nervation i8 also essentially the same. Hence,
we must conclude that the genus Liriodendron, now rep-
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resented by a single species, was in the Cretaceous age
much more largely developed, having many species, and
those scattered throughout many lands. In the Tertiary
age the genus continued to exist, but the species seem to
have been reduced to one, which is hardly to be distin-
guished from that now living. In many parts of Europe
leaves of the tulip-tree have been found, and it extended
as far south as Italy. Its presence there was first made
known by Unger, in his ‘Synopsis,” page 232, and in his
“Genera et Species,” page 443, where he describes it
under the name of Liriodendron procaceinii. The genus
has also been noticed in Europe by Massalongo, Heer, and
Ettingshausen, and three species have been distinguished.
All these are, however, so much like the living species
that they should probably be united with it. We here
have a striking illustration of the wide distribution of a
species which has retained its characters both of fruit and
leaf quite wnchanged through long migrations and an
enormons lapse of time.

“In Europe the tulip-tree, like many of its American
associates, seems to have been destroyed by the cold of
the Iee period, the Mediterranean cutting off its retreat,
but in America it migrated southward over the southern
extension of the continent and returned northward again
with the amelioration of the climate.”

Leaves of Liriodendron have been recognised in the
Cretaceous of Greenland, though it is now a tree of
the warm temperate region, and Lesquereux describes
several species from the Dakota group. But the genus
has not yet been recognised in the Laramie or in the
Upper Cretaceous of British Columbia. In the paper
above quoted, Newberry describes three new species
from the Amboy clays, one of which he considers iden-
tical with a Greenland form referred by Heer to L.
Meeli of the Dakota group. Thus, if all Lesque-
reux’s species are to be accepted, the genus heging
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in the Middle Cretaceous with at least nine American
species. ‘

In New Jersey the Amboy clays are referred to the
game age with the Dakota beds of the West. In these
Dr. Newberry has found a rich flora, including many
angiosperms. The following is condensed from a pre-
liminary notice in the ¢ Bulletin of the Torrey Botanical
Club?” : ¥

“The flora of the Amboy clays is closely related to
that of the Dakota group—most of the genera and some
of the species being identical—so that we may conclude
they were nearly contemporaneous, though the absence in
New Jersey of the Fort Benton and Niobrara groups of
the upper Missouri and the apparent synchronism of the
New Jersey marls and the Pierre group indicate that the
Dakota is a little the older.

¢ At least one-third of the species of the Amboy clays
seem to be identical with leaves found in the Upper Cre-
taceous clays of Greenland and Aachen (Aix la Chapelle),
which not only indicates a chronological parallelism, but
shows a remarkable and unexpected similarity in the vege-
tation of these widely separated countries in the middle
and last half of the Cretaceous age. The botanical char-
acter of the flora of the Amboy elays will be scen from the
following brief synopsis :

¢ Algw.—A small and delicate form, allied to Chon-
drites.

“ Ferns.—Twelve species, generally gimilar and in
part identical with those deseribed by Heer from the
Cretaceous beds of Greenland, and referred to the genera
Dicksonio, Gleichenia, and Aspidivm.

“ (yeads.—'T'wo species, probably identical with the
forms from Greenland deseribed by Heer under the
names of Podozemites marginatus and P. tenuinervis.

* March, 1886,
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¢ Contfers.—Fourteen species, belonging to the genera
Moriconia, Brochyphyllum, Cunninghamnites, Pinus, Se-
quoia, and others referred by Heer to Juniperus, Libo-
cedrus, Frenelopsis, Thuya, and Dammara. Of these,
the most abundant and most intevesting are Moriconia
eyclotozon—uthe most beautiful of conifers—and Cunning-
hamites elegans, both of which oceur in the Cretaceous
clays of Aachen, Prussia, and Patoot, Greenland. The
Brachyphyllum was a large and strong speeies, with im-
bricated cones, eight inches in length.

“The angiosperms form about seventy species, which
include three of Magnolia, four of Liriodendron, three or
four of Suliz, three of Celastrophyllum (of which one is
identical with a Greenland species), one Celasfrus (also
found in Greenland), four or five Aralias, two Sassafras,
one Uinnamomun, one Hedera ; with leaves that ave ap-
parently identical with those described by Heer asbelong-
ing to Andromeda, Cissites, Cornus, Dewalguea, Dios-
pyros, Bucalyplus, Ficus, Ilex, Juglans, Lavrus, Meni-
spermites, Myrico, Myrsine, Prunus, Rhamnus, and
others not yet defermined,

““Some of the Aralias had palmately-lobed leaves,
nearly a foot in diameter, and two of the tulip-trees
(Liriodendron) had leaves quite as large as those of the
living species. One of these had deeply lobed leaves, like
those of the white oak. Of the other, the leaves resem-
bled those ol the recent tulip-tree, but were larger. Both
had the peculiar emargination and the nervation of Lirio-
dendron.

‘¢ Among the most interesting plants of the collection
are fine species of Bauhinia and Hymenwa. Of these,
the first is represented by a large number of leaves, some
of which are six or seven inches in diameter. They are
deeply bilobed, and have the peculiar and characteristic
form and nervation of the leaves of thiz genus. Bawuhi-
nig is a leguminous genus allied to Cereds, and now in-
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habits fropical and warm temperale climates in both
hemispheres.  Only ome species oceurs in the United
States, Bauhinia lunarioides, Gray, found by Dr. Bige-
low on the Rio Grande.

s« Hymence is another of the leguminosa, and inhab-
its tropical America. A species of this genus has heen
found in the Upper Cretaceous of France, but quite dif-
forent from the one before us, in which the leaves are
much larger, and the leaflets are united in a common
petiole, which is winged ; this is a modification not found
in the living species, and one which brings it nearer to
Buauhinia.

“ But the most surprising discovery yet made ig that
of a number of quite large helianthoid flowers, which I
have called Palewanthus. These are three to four inches
in diameter, and exhibit a scaly involucre, enclosing what
much resembles a fleshy receptacle with achenia. From
the border of this radiate a number of ray flovets, one to
two inches in length, which are persistent and must have
been searious, like those of Helichrysum. Though these
flowere so much resemble those of the composite, we are
not yet warranted in asgerting that such'is certainly their
character. In the Jurassic rocke of Hurope and India
some flowers nob very unlike these have been found, which
have been named Williamsonie, and referred to eyeads by
Carruthers. A similar fossil hag been found in the Cre-
taceons Tocks of Greenland, and named by Heer Willicm-
sonia cretacea, but he questions the reference of the genus
to the Cycadea, and agrees with Nathorst in congidering
all the species of Williamsondn as parasitic flowers, allied
to Brugmansia or Raflesia.  The Marquis of Saporta
regards them as monocotyledons, similar to Pandanus.
More specimens of the flowers now exhibited will perhaps
prove—what we can now only regard as probable—that
the Composite, like the Leyuminose, Muagnoliaeee, Ce-
lastraceee, and other highly organised plants, formed part
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of the Cretaceous flora. No composite flowers have be-
fore been found in the fossil state, and, as these are among
the most complex and specialised forms of florescence, it
has been supposed that they belonged only to the recent
epoch, where they were the result of a long series of form-
ative changes.”

The above presents some interesting new types not
heretofore found in the Middle Cretaceous. More espe-
cially the occurrence of large flowers of the composite
type presents a startling illustration of the early appear-
ance of a very elevated and complex form. Great interest
also attaches to these Amboy beds, as serving, with those
of Aix and Greenland, to show that the margins of the
Atlantie were occupied with a flora similar to that occur-
ring at the same time in the interior plateau of North
Ameriea and on the Pacific slope.

The beds at Aix-la-Chapelle are, however, probably
somewhat newer than the Dakota or Amboy beds, and
correspond more nearly in age with those of the Creta-
ceous coal-field of Vancouver Island, where there is a very
rich Upper Cretaceous flora, which I have noticed in de-
tail in the ¢ Transactions of the Royal Society of Cana-
da.”* 1In these Upper Cretaceous beds there are fan-
palms as far north at least as the latitude of 49°, indicat-
ing a very mild climate at this period. This inference is
corroborated by the Upper Cretaceous flora of Atané and
Patoof in Greenland, as described by Heer.

The dicotyledonous plants above referred to are trees
and shrubs.  Of the herbaceous exogens of the period we
know less.  Obyiously their Jeaves are less likely to find
their way into aqueous deposits than the leaves of trees.
They are, besides, more perishable, and in densely wooded
countries there are comparatively few herbaceouns plants.
I have examined the beds of mud deposited at the mouth

* Vol. ii., 1884.
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of a woodland streamlet, and have found them stored with
the fallen leaves of trees, but it was in vain to search for
the leaves of herbaceous plants.

The climate of North America and Europe, represented
by the Cenomunian vegetation, is not tropical but warm
temperate ; but the flora wag more uniform than at pres-
ent, indicating a very equable climate and the possibility
of temperate genera existing within the Aretic cirele, and
it would seem to haye become warmer toward the close of
the period.

The flora of the Cenomanian is separated in most
countries from that of the Senonian, or uppermost Cre-
taceous, by a marine formation holding few plants. This
depends on great movements of elevation and depression,
to which we must refer in the sequel. In a few regions,
however, ag in the vieinity of the Peace River in Canada,
there are plant-bearing beds which serve to bridge over
the interval between the
Farly Cenomanian and
the later Cretaceous.®

To this interval also
wonld seem to belong
the Belly River series of
western Cunada, which
containg important beds
of coal, but ig closely as-

: Fra, 76.—Brosenin antiqua. Upper Cro-
gociated with the marine taccous, South Baskatehewan River.

é; Nutural size. a, &, Diagrams of vena-
tion, slightly enlarged.

Fort Pierre series.
very curioug herbaceous

plant of this group, which T have named Brasenia on-
fagua, occurs in the beds associated with one of the coals.
It is a close ally of the modern B, pellata, an aquatic

plant which occurs in British Columbia and in eastern

* See paper by the author in the “ Transactions of the Royal Society
of Canada,” 1882,
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Ameriea, and is also said to be found in Japan, Australia,
and India, a width of distribution appropriate to so old
a type (Fig. 76).

In go far as vegetable life is concerned, the transition
from the Upper Cretaceous to the Tertiary or Kainozoic
is easy, thongh in mamy parts of the world, and more
especially in western Burope, there iz a great gap in the
deposits between the upper Chalk and the lowest Eocene.
With reference to fossil plants, Sehimper recognises in
the Kainozoie, beginning with the oldest, five formations
—Palxocene, Eocene, Oligocene, Miocene, and Pliocene.
Throughout these a flora, similar to that of the Creta-
ceous on the one hand and the modern on the other,
though with important local peculiarities, extends. There
is evidence, however, of a gradual refrigeration, so that
in the Pliocene the climates of the northern hemisphere
were not markedly ditferent from their present charaeter.

In the first instance an important error was com-
mitted by paleobotanists, in referring to the Miocene
many deposits really belonging to the Hocene. This
arose from the early study of the rich plant-bearing
Miocene beds of Switzerland, and from the similarity of
the flora all the way from the Middle Cretaceous to the
later Tertiary. The differences are now being worked
out, and we owe to Mr. Starkie Gardner the eredit of
pointing these out in England, and to the Geological
Survey of Canada that of collecting the material for
exhibifing them in the more northern part of Ameriea.

In the great interior plain of America there rests
on the Cretaceous a series of clays and sandstones with
beds of lignite, some of them eighteen feet in thickness.
This was formerly known as the lignitic or lignite Ter-
tiary, but more recently as the Laramie series. These
beds were deposited in fresh or brackish water, in an
internal sea or group of lakes and swamps, when the
continent was lower than at present. They have been
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studied both in the United States* and Canada; and,
though their flora was originally referred by mistake to
the Miogene, it is now known to be Bocene or Palmocene,
or even in part a transition group between the latter and
the Cretaceous. The following remarks, taken chiefly
from recent papers by the author,t will gerve to illustrate
this :

On the geological map of Canada the Laramie series,
formerly known as the lignitic or lignite Tertiary, oc-
curs, with the exception of a few outliers, in two large
aveas west of the 100th meridian, and separated from each
other by a tract of older Cretaceous rocks, over which the
Laramie beds may have extended, before the later denuda-
tion of the region.

The most eastern of these areas, that of the Souris
River and Wood Mountain, extends for some distance
along the United States boundary, between the 102d and
109th meridiansg, and reaches northward to about thirty
miles south of the ““ elbow » of the South Saskatchewan
River, which iz on the parallel of 51° north. In this
area the lowest beds of the Laramie are seen to rest on
those of the Fox Hill group of the Upper Cretaceous,
and at one point on the west they are overlaid by beds of
Miocene Tertiary age, observed by Mr. McConnell, of
the (eological Survey, in the Cypress Hills, and referred
by Cope, on the evidence of mammalian remains, to the
White River division of the United States geologists,
which is regarded by them as Lower Miocene.f The age
of the Laramic beds is thus stratigraphically determined
to be between the Fox Hill Cretaceous and the Lower

* See more especially the elaborate and valuable reports by Lesque-
reux and Newberry, and & recent memoir by Ward on “Types of the
Laramie Flora,” © Bulleting of the United States Geological Survey,”
1887,

1 “Transnctions of the Royal Society of Canada,” 1886-87.

{ “ Report of the (teological Survey of Canadn,” 1885,

r



910 THE GEOLOGICAL HISTORY OF PLANTS.

Miocene. They are also undoubtedly continuous with
the Fort Union group of the United States geologists on
the other side of the international boundary, and they
contain similar fossil plants. They are divisible into two
groups—a lower, mostly argillaceons, and to which the
name of “Bad Lands beds” may be given, from the ‘“bad
linds” of Wood Mountain, where they are well exposed,
and an upper, partly arenaceous member, which may be
named the Souris River or Poreupine Creck division.
In the lower division are found reptilian remains of Upper
Cretaceous type, with some fish remains more nearly akin
to those of the Hocene.* Neither division has as yel
afforded mammalian remains.

The western area is of still larger dimensions, and ex-
tends along the eastern base of the Bocky Mountaing from
the United States boundary to about the 55th parallel of
latitude, and stretches eastward to the 111th meridian.
In this area, and more especially in its southern part, the
officers of the Geological Survey of Canada have recog-
nised three divigions, ag follows : (1) The Lower Laramie
or St. Mary River series, corresponding in its character
and fossils to the Lower or Bad Lands division of the
other area. (2) A middle division, the Willow Creek
beds, consisting of clays, mostly reddish, and not recog-
nised in the other area. (3) The Upper Laramie or
Porcupine Hills division, corresponding in fossils, and to
gsome extent in mineral character, to the Souris River
beds of the eastern arvea.

The fossil plants colleeted by Dr. G. M. Dawson in
the eastern area were noticed by the author in an appen-
dix to Dr. Dawson’s report on the 49th parallel, in 1875,
and a collection subsequently made by Dr. Selwyn was
described in the “ Report of the Geological Survey of
Canada” for 1879-80. Those of the western area, and

* Cope, in Dr. G. M. Dawson's  Report on the 49th Parallel.”
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especially collections made by mysclf near Calgary in
1883, and by officers of the Geological Survey in 1884,
have been described in the *“Transactions of the Royal
Society of Canada,” vols. iii. and iv.

In studying these fossil plants, I have found that
there is a close correspondence hetween those of the
Lower and Upper Laramie in the two areas above re-
ferred to respectively, and that the flora of the Lower
Laramie is somewhat distinot from that of the Upper,
the former being especially rich in certain aquatic plants,
and the latter much more copious on the whole, and
much more rich in remaing of forest-trees. This 18, how-
ever, possibly an effeet rather of loeal conditions than of
any congiderable change in the flora, since some Upper
Laramie forms recur as low as the Belly River series of the
CUretaceous, which is believed on stratigraphical grounds
to be considerably older than the Lower Laramie.

With reference to the correlation of these beds with
those of the United States, some difficulty has arisen from
the tendency of paleobotanists to refor the plants of the
Upper Laramie to the Miocene age, althongh in the re-
ports of Mr. Clarence King, the late director of the
United States Geological Survey, these beds are classed,
on the evidence of stratigraphy and animal fossils, as
Upper Cretaceons. More recently, however, and partly
perhaps in consequence of the views maintained by the
writer since 1875, some change of opinion has oceurred,
and Dr. Newberry and Mr. Lesquereux seem now in-
clined to admit that what in Canada we recognise as
Upper Laramie is really Bocene, and the Lower Laramic
either Cretaceous or a transition group between this and
the Eocene. In a recent paper* Dr. Newberry gives a
Comparative {able, in which he correlates the Lower

* Newberry, “Transuelions of the New York Academy,” Tebruary,
18846,
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Laramie with the Upper Cretaceous of Vancouver Island
and the Faxoe and Maestricht beds of Europe, while he
regards the Upper Laramie ag equivalent to European
Eocene. Except in so far as the equivalence of the
Lower Laramic and Vancouver Island beds is concerned,
this corresponds very nearly with the conclusions of the
writer in a paper published last year *—namely, that we
musgt either regard the Laramiec as a transition Cretaceo-
Eocene group, or must institute our line of separation in
the Willow Creck or Middle Laramie division, which has,
however, as yet afforded no fossil plants. I doubt, how-
ever, the equivalence of the Vancouver beds and the
Lower Laramie, except perhaps in so far as the upper
member of the former is concerned. I have also to ob-
serve that in the latest report of Mr. Lesquereux he still
geems to retain in the Miocene certain formations in the
West, which from their fossil plants I should be inclined
fo regard as Eocene.t

Two ferns oceurring in thege beds are remarkable as
evidence of the persistence of species, and of the pecul-
iarities of their ancient and modern distribution. Onoclea
sensibilis, the very common sensitive fern of eastern
Ameriea, ig extremely abundant in the Laramie beds over
a great area in the West. DMr. Starkie Gardner and Dr.
Newberry have also shown that it is identieal with the
Filicites Hebridicus of Forbes, from the early Eocene beds
of the Island of Mull, in Scotland. Thus we have a
species once common to Hurope and America, but now
restricted to the latter, and which has continued to exist
over all the vast ages between the Cretaceous and the
present day. In the Laramie beds I have found asso-

# ¢« Pranspctions of the Royal Society of Canada,” vol. ii,

1 While these sheets were going through the press I received a very
valuable report of Mr. Lester I, Ward upon the Laramie of the United
States. I have werely had time to glance ab this veport, but can see that
the views of the author agree closely with those above expressed,
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ciated with this specios another and more delicate fern,
the modern Davallia (Stenloma) tenwifolia, but this, un-
like its companion, no longer occurs in America, but is
found in the mountaing of Asia. This is a eurious illus-
tration of the fact that frail and delicate plants may be
more ancient than the mountaing or plains on which
they live.

There are alzo some very interesting and curious facts
in connection with the conifers of the Laramie, One of
the most common of these is a Z%huja or arbor vite (the
so-called ““cedar” of Canada). The Laramie species has
been named 7. interrupla by Newberry, but it approaches
very closely in its foliage to 7. occidentalis, of eastern
Canada, while its fruit resembles that of the western
species, 7. giganiea.

Still more remarkable are the Sequoins to which we
have already referred, but which in the Laramie age scem
to have been spread over nearly all North Ameriea. The
fossil species are of two types, representing respectively
the modern 8. giganten and 8. sempervivens, and their
wood, as well as that of Thuja, is found in great abun-
dance in the lignites, and also in the form of silicified
trunks, and corresponds with that of the reeent gpecies.
The Laramie contains also conifers of the genera Glypto-
strobus, Tazodium, and Tazus ; and the genus Salisburia
or gingko—so characteristic of the Juragsic and Creta-
ceous—is still represented in America as well as in Europe
in the carly Eocene.

We have no palms in the Canadian or Secottish Palwo-
cene, though I believe they are found further south. The
dicotyledonous trees are richly represented. Perhaps the
most conspicuons were three species of Platanus, the
leayes of which sometimes fill the sandstones, and one of
which, P. nobilis, Newberry, sometimes attains the gi-
gamtic gize of a foot or more in diameter of its blade.
The hazels are represented by a large-leaved specics, ('
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Macquarii, and by leaves not distinguishable from those
of the modern American species, C. Americana and €.
rostrata. There are also chestnuts and oaks. But the
poplars and willows are specially abundant, being repre-
sented by no less than six species, and it would seem
that all the modern types of poplar, as indicated by the
forms and venation of the leaves, existed already in the
Laramie, and most of them even in the Upper Cretaceous.
Sassafras is represented by two species, and the beantiful
group of Viburnwm, to which the modern treg-cranberry
belongs, has several fine species, of some of which both
leaves and berries have been found. The hickories and
butternuts ave also present, the horse-chestnut, the Ca-
talpa and Sapindus, and some curious leaves which scem
to indicate the presence of the modern genus Symphoro-
carpus, the snow-berry tribe.

The above may suffice to give an idea of the flora of
the older Focene in North America, and I may refer for
details to the works of Newberry, Lesquereux, and Ward,
already cited. I mast now add that the so-called Mio-
cene of Atanckerdluk, Greenland, is really of the same
age, as also the ¢ Miocene” of Mull, in Scotland, of
Antrim, in Ireland, and of Bovey Tracey, in the south of
England, and the Gelinden, or * Heersian beds, of Bel-
gium, described by Saporta. In comparing the American
specimens with the descriptions given by Gardner of the
leaf-beds at Ardtown, in Mull, we find, as already stated,
Onoclew sensibilis, common to both. The species of
Sequoia, Gingleo, Tazus, and (Hyptosirobus ave also iden-
tical or closely allied, and so are many of the dicotyledo-
nous leaves. Tor example, Platonvides Hebridicus is
very near to P. nobilis, and Corylus Macquarrii is com-
mon to both formations, as well as Populus Aretica and
P. Richardsoni. 1 may add that ever since 1875-'76,
when I first studied the Laramie plants, T have main-
tained their identity with those of the Fort Union group
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of the United States, and of the so-called Miocene of
McKenzie River and Greenland, and that the whole are
Paleocene ; and this conclusion has now been confirmed
by the researches of Gardner in England, and by the dis-
covery of true Lower Miocene beds in the Canadian north-
west, overlying the Laramie or lignite series.

In a bulletin of the United States Geological Sur-
vey (1886), Dr. White has established in the West the
continuous stratigraphical guccession of the Laramic and
the Wahsatch Eoeene, thus placing the Laramie con-
formably below the Lower Eocene of that region. Cope
has also deseribed as the Puerta group a series of beds
holding vertebrate fossils, and forming a transition from
the Laramie to the Wahsateh. White also testifies that a
number of fresh-water mollusks are common to the Wah-
satch and the Laramie. This finally settles the position
of the Laramie so far as the United States geologists are
concerned, and shows that the flora iz to be regarded as
Kocene if not Upper Cretaceous, in harmony with what
has been all along maintained in Canada. An important
réswmé of the flora hag just been issued by Ward in the
bulletins of the United States Geological Survey (1887).

Before leaving this part of the subject, I would depre-
cate the remark, which I see occasionally made, that fossil
plants are of little value in determining geological hori-
zong in the Cretaccous and Tertiary. I admit that in
these periods some allowance must be made for local
differences of station, and also that there is a generic
sameness in the flora of the northern hemisphere, from
the Cenomanian to the modern, yet these local differ-
ences and general similarity are not of a nature to in-
validate inferences as to age. No doubt, so long as
palsobotanists seemed obliged, in deference to authority,
and to the results of investigations limited to a few Hu-
ropean localities, to group together, without distinetion,
all the floras of the later Cretaceous and earlier Tertiary,
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irrespective of stratigraphical considerations, the subject
lost its geological importance. But, when a good series
has been obtained in any one region of some extent, the
case becomes different. Though there is still much im-
perfection in our knowledge of the Cretaceous and Ter-
tiary floras of Canada, I think the work already done is
sufficient to enable any competent observer to distinguish
by their fossil plants the Lower, Middle, and Upper Cre-
taceous, and the latter from the Tertiary ; and, with the
aid of the work already done by Lesquerenx and New-
berry in the United States, to refer approximately to its
true geological position any group of plants from beds of
unknown age in the West.

An important consequence arising from the above
statements is that the period of warm climate which
enabled a temperate flora to exist in Greenland was that
of the later Cretaccous and early Eocene rather than, as
usnually stated, the Miocene. It is also a question admit-
ting of discussion whether the Hocene flora of latitudes
go different ag thoze of Greenland, Mackenzie River, north-
west Canada, and the United States, were strictly con-
temporaneous, or successive within a long geological
period in which climatal ehanges were gradually pro-
ceeding. The latter statement must apply at least to
the beginning and close of the period ; but the plants
themselves have gomething to say in favour of contem-
poraneity. The flora of the Laramie is not a tropical
but a temperate flora, showing no doubt that a much
morg equable climate prevailed in the more morthern
parts of America than at present. But this equability
of climate implies the possibility of a great geographical
range on the part of plants. Thus it is quite possible
and indeed highly probable that in the Laramie age a
gomewhat uniform flora extended from the Arctic seas
through the great central platean of America far to the
south, and in like manner along the western coast of
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Europe. It is also to be obgerved that, as Gardner points
out, there are some differences indicating a diversity of
climate between Greenland and England, and even be-
tween Scotland and Ireland and the south of England,
and we have similar differences, though not strongly
marked, between the Laramie of northern Canada and
that of the United States. When all our beds of this
age from the Arctic sea to the 49th parallel have been
ransacked for plants, and when the paleobotanists of the
United States shall have succeeded in unravelling the
confusgion which now exigts between their Laramie and
the Middle Tertiary, the geologist of the future will be
able to restore with much certainty the distribution of
the vast forests which in the early Eocene covered the
now bare plains of interior America. Further, since the
break which in western Europe separates the flora of the
Cretaceous from that of the Kocene does nob exist in
America, it will then be possible to trace the succession
from the Mesozoiec flora of the Trias and of the Queen
Charlotte Tslands and Kootanie series of the Lower Cre-
taceons up to the close of the Hocene; and to deter-
mine, for America at least, the manner and conditions
under which the angiospermous flora of the later Creta-
ceous sncceeded to the pines and cycads which charac-
terised the beginning of the Cretaceous period. In so
far as Europe is concerned, this may be more difficult,
gince the want of continuity of land from north to south
seems there to have been fatal to the continuance of some
plants during changes of climate, and there were also
apparently in the Kainozoic period invasions at certain
times of species from the south and east, which did not
oceur to the same extent in America.

In recent reports on the Tertiary floras of Australia
and New Zealand,* Ettingshausen holds that the flora of

# U Geologival Magazine,” August, 1887,
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the Tertiary, as a whole, was of a generalised character ;
forms now confined to the southern and northern hemi-
spheres respectively being then common to both. It
would thus scem that the present geographical diversities
must have largely arisen from the great changes in eli-
mate and distribution of land and water in the later
Tertiary.

The length of our diseussion of the early angiosperm-
ous flora does not permit us to trace it in detail through
the Miocene and Pliocene, but we may notice the con-
nection through these in the next chapter, and may refer
to the magnificent publications of Heer and Lesquereux
on the Tertiary floras of Hurope and America respect-
ively.



CHAPTER VIL
PLANTH FROM THE TERTIARY TO THE MODERN PERIOD.

Ir may be well to begin this chapter with a sleteh of
the general physical and geological conditions of the pe-
riod which was characterised by the advent and enlmina-
tion of the dicotyledonous trees.

In the Jurassic and earliest Cretaceous periods the
prevalence, over the whole of the northern hemisphere
and for a long time, of a monotonous assemblage of gym-
nospermous and acrogenous plants, implies a uniform
and mild elimate, and facility for intercommunieation in
the north. Toward the end of the Jurassic and beginning
of the Cretaceous, the land of the northern hemisphere was
agsuming greater dimensions, and the climate probably
becoming a little less uniform. Before the close of the
Lower Cretaceous period the dicotyledonous flora seems
to have been introdueced, under geographical conditions
which permitted a warm temperate climate to extend as
far north as Greenland.

In the Cenomanian or Middle Cretaceous age we find
the northern hemisphere tenanted with dicotyledonous
trees closely allied to those of modern times, though still
indicating a climate much warmer than that which at
present prevails. In this age, extensive but gradual sub-
mergence of land is indicated by the prevalence of chalk
and marine limestones over the surface of both conti-
nents; but a cirenmpolar belt scems to have been main-
tained, protecting the Atlantic and Pacific basins from
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floating ice, and permitting a temperate flora of great
richness to prevail far to the north, and especially along
the gouthern marging and extensions of the ecircumpolar
Jand. These seem to have been the physical conditions
which terminated the existence of the old Mesozoic flora
and introduced that of the Middle Cretaceous.

Ag time advanced the quantity of land gradually in-
ercased, and the extension of new plains along the older
ridges of land was coincident with the deposition of the
great Laramie series, and with the origination of its pe-
culiar flora, which indieates a mild climate and consider-
able variety of station in mountain, plain, and swamp,
ag well as in great sheets of shallow and weedy fresh
water,

In the Hocene and Miocene periods, the continents
gradually assumed their present form, and the vegetation
became still more modern In aspeet. In that period of
the Kocene, however, in which the great nummulitic
limestones were deposited, a submergence of land oceurred
on the eastern continent which mugt have assimilated its
physical conditions to those of the Middle Cretaceous.
This great change, affeeting materially the flora of Hu-
rope, was not equally great in America, which also by the
north and south extension of its mountain-chains per-
mitted movements of migration not possible in the Old
World. From the Hocene downward, the remains of
land-animals and plants are found ehiefly in lake-bagins
occupying the existing depressions of the land, though
more extensive than those now remaining. It must also
be borne in mind that the great foldings and fractures of
the erust of the earth which occurred at the elose of the
Eocene, and to which the final elevation of such ranges
ag the Alps and the Rocky Mountains belongs, perma-
nently modified and moulded the forms of the continents.

These statements raize, however, questiong ag to the
precise equivalence in time of similar floras found in dif-
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ferent latitudes. However equable the climate, there
must have been gome appreciable difference in proceed-
ing from mnorth to south. If, therefore, as seems in
every way probable, the new species of plants origi-
nated on the Arctic land and spread themselves south-
ward, this latter process would oceur most naturaily in
times of gradual rvefrigeration or of the access of a
more extremo climate—that is, in times of the elevation
of land in the temperate latitudes, or, conversely, of
local depression of land in the Arctic, leading to invasions
of northern ice. Hence, the times of the prevalence of
particular types of plants in the far north would precede
those of their extension to the south, and a flora found
fossil in Greenland might be supposed to be somewhat
older than a similar flora when found farther south. It
wonld seem, however, that the time required for the ex-
tengion of & new flora to its extreme geographical limit is
so small, in comparison with the duration of an entire
geological period, that, practically, this difference is of
little moment, or at least does not amount to antedating
the Aretic flora of a particular type by a whole period,
bat only by a fraction of such period.

It does not appear that, during the whole of the Cre-
taceous and Kocene periods, there is any evidenee of snch
refrigeration as seriously to interfere with the flora, but
perhaps the times of most considerable warmth are those
of the Dunvegan group in the Middle Cretaceous, and
those of the later Laramie and oldest Focene.

It would appear that no canse for the mild tempera-
ture of the Cretaceous needs to be invoked, other than
those mutations of land and water which the geological
deposits themselves indicate, A condition, for example,
of the Atlantic basin in which the high land of Greenland
should be reduced in elevation, and at the same time the
northern inlets of the Atlantic closed against the invasion
of Arctic ice, would at once restore climatic conditions
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allowing of the growth of a temperate flora in Greenland.
As Dr. Brown has shown,™ and as I have elsewhere
argued, the absence of light in the Arctic winter is no
disadvantage, eince, during the winter, the growth of
deciduons trees is in any case suspended ; while the con-
stant continuance of light in the summer is, on the con-
trary, a very great stimulus and advantage.

It is a remarkable phenomenon in the history of gen-
era of plants in the later Mesozoic and Tertiary, that the
older genera appear at once in a great number of specific
types, which become reduced as well as limited in range
down to the modern. This is, no doubt, connected with
the greater differentiation of local conditions in the mod-
ern ; but it indicates also a law of rapid multiplication of
gpecieg in the early life of genera. The distribution of the
species of Salisburia, Sequota, Platanus, Sassafras, Lirio-
dendron, Magnolia, and many other genera, affords re-
markable proofs of this.

Gray, Saports, Heer, Newberry, Lesquereux, and
Starkie Gardner have all ably discussed these points ; but
the continnal increage of our knowledge of the several
floras, and the removal of error as to the dates of their
appearance, must greatly conduce to clearer and more
definite ideas. In particular, the prevailing opinion that
the Miocene was the period of the greatest extension of
warmth and of a temperate flora into the Aretie, must
be abandoned in favour of the later Cretaceous and
Bocene 3 and, if T mistake not, this will be fonnd to ac-
cord better with the evidence of general geology and of
animal fossils.

In these various revolutions of the later Cretaceous
and Kainozoic periods, America, as Dr. Gray has well
pointed out, has had the advantage of a continuous stretch
of high land from north to south, affording a more sure

# ¢ Florula Discoana,”
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refuge to plants in times of submergence, and meang of
escape to the somth in times of refrigeration. Hence,
the greater continuity of American vegetation and the
gurvival of genera like Sequoia and Liriodendron, which
have perished in the Old World. Still, there are gome ¢x-
ceptions to this, for the gingko-tree is a case of survival in
Agia of a type once plentiful in America, but now extinet
there. Fastern Asia hag had, however, some considerable
share of the same advantage possessed by America, with
the addition, referred to by Gray, of a better and more
insnlar climate.

But our survey of these phyeical conditions can not he
congidered complete till we shall have considered the
great Gilacial age of the Pleistocene. It is certain that
throughout the later Miocene and Pliocene the area of land
in the northern hemigphere was increasing, and the large
and varied continents were tenanted by the noblest vege-
tation and the grandest forms of mammalian life that the
carth has ever witnessed. As the Pliocene drew to a
close, a gradual diminution of warmth came on, and
more especially a less equable climate, and this was ac-
companied with a gubsidence of the land in the temperate
regions and with changes of the warm ocean-currents.
Thus gradually the summers became cooler and the
winters longer and more severe, the hill-tops became
covered with permanent snows, glaciers plonghed their
way downward into the plaing, and masges and fields of
floating ice cooled the seas. In these circumstances the
richer and more delicate forms of vegetation must have
heen chilled to death or obliged to remove farther south,
and in many extensive regions, hemmed in by the advance
of the sea on the one hand and land-ice on the other, they
must have altogether perished.

Yet even in this time vegetation was not altogether
extinet. Along the Gulf of Mexico in America, and in
the Mediterranean basin in Europe, there were still some
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remaing of a moderate climate and certain boreal and
arctic forms moving southward continued to exist here
and there in somewhat high lalitudes, just as similar
plants now thrive in Grinnell Land within sight of the
snows of the Greenland mountains. A remarkable sum-
mary of some of these faels ag they relate to England was
given by an eminent English botanist, Mr, Carrathers, in
his address as President of the Biological Seetion of the
British Association at Birmingham in 1886. At Cromer,
on the coast of Norfolk, the eelebrated forest-bed of new-
er Pliocene age, and containing the remains of a copious
mammalian fauna, holds also remains of plants in a state
admitting of defermination. These have been collected
by Mr. Reid, of the Geological Survey, and were reported
on by Carruthers, who states that they represent a some-
what colder temperature than that of the present day. I
quote the following details from the address.

With reference to the plants of the forest-bed or
newer Pliocene he remarks ag follows :

 Only one species (Trepe natans, Willd.) has disap-
peared from our islands. Its fruits, which Mr. Reid
found abundantly in one loeality, agree with those of the
plants found until recently in thelakes of Sweden. Four
speeies (Prunus speciosa, L., Enanthe Tichenalii, Sm.,
Potamogeton plerophyllus, Sch., and Pinus abies, 1..)
are found al present only in Europe, and a fifth (Pofa-
mogeton {richoides, Cham.) extends also to North Ameri-
ea; two species (Pewcedanuwm polustre, Moench, and
Pinus sylvestris, 1) are fonnd also in Siberia, while six
more (Sanguisorba officinalis, L., Rubus fruticosus, L.,
Cornus songwinea, L., Euphorbic amygdaloides, L.,
Quercus robur, L, and Pofamogeton erispus, L) extend
into western Asia, and two (Fagus sylvetica, L., and
Alnus glutinosa, L.) are included in the Japanese flora.
Seven species, while found with the others, enter also into
the Mediterrancan flora, extending to North Africa : these
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are Thalictrum minus, L., Thalictrum flovum, L., Ra-
nunculus repens, L, Stellaria aquatioa, Scop., Corylus
avellana, 1., Yannichellic palustris, L., and Cladium
mariseus, Br.  With a similar distribution in the Old
World, eight species (Bidens tripartits, L., Myosotis
easpitose, Schultz, Sueds moritima, Dum., Ceratophyl-
lum demerswm, L, Spargawium ramoswm, Hudg., Pota-
mogeton pectinatus, L., Carex paludosa, Good., and Os-
mundn regalis, 1) are found also in North Amevica. Of
the remainder, ten species (Nuphar lutewm, Sm., Meny-
anthes trifoliata, L., Stachys palustris, L., Rumez mari-
timus, L., Rumex acetosella, L., Betula alba, L., Seirpus
pauciflorus, Lightl., Tazus baceata, L., and Tsoetes la-
custris, L.) extend round the north temperate zone, while
three (Lycopus ewropeus, L., Alisma plantago, L., and
Phragmites communis, Trin.), having the same distribu-
tion in the north, are found also in Australia, and one
(Hippuris vulgaris, 1.) in the south of South America.
The lisk is completed by Renwnculus equatilis, L., dis-
tributed over all the temperate regions of the globe, and
Seirpus lacustris, L., which is found in many tropical
regions as well.™

He remarks that thege plants, while including species
now very widely scattered, present no appreciable change
of characters.

Above this bed are glacial clays, which hold other
8pecies indicating an extremely eold climate. They are
fow in number, only Seliz poluris, a thoroughly aretic
Species, and its ally, 5. eineren, L., and a moss, Hypnum
turgescens, Schimp., no longer fonnd in Britain, but an
Alpine and arctic species. This bed belongs to the begin-
ning of the Glacial period, the deposits of which have as
yet afforded no plunts in England, But plants oceur in
Dost-glacial and upper-glacial beds in different parts of
Hngland, to which Carruthers thus refers :

“The period of great cold, during which arctic ice

Q
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extended far into temperate regions, was not favorable to
vegetable life. But in some localities we have stratified
clays with plant-remains later than the Glacial epoch,
vet indicating that the great cold had not then entirely
disappeared. In the lacustrine beds at Iolderness is
found a small birch (Befule nana, 1.), now limited in
Great Britain to some of the mountains of Secotland, but
found in the aretic regions of the Old and New World
and on Alpine districts in Europe, and with it Prunwus
podus, L., Quercus robur, L., Corylus wvelluna, L.,
Alnus glutinose, L., and Pinus sylvestris, 1. In the
white clay-beds at Bovey Tracey of the same age there
occeur the leaves of Arclostaphylos wva-ursi, L., three
species of willow, viz., Seliz cineren, 1., S. myriilloides,
L., and 8. polaris, Wahl., and in addition to our Alpine
Betula nana, L., the more familiar B. elba, I. Two of
these plants have heen lost to our flora from the change
of climate that has taken place, viz., Saliz myriilivides,
L., and 8. polaris, Wahl.; and Belule nanae, L., has re-
treated to the momntains of Scotland. Three others
(Dryas octopetala, L., Arctostaphylos wva-ursi, L., and
Salix herbacew, 1.) have withdrawn to the mountaing of
northern Emgland, Wales, and Scotland, while the re-
mainder are still found scattered over the country. Not-
withstanding the diverse physical conditions to which
these plants have been subjeeted, the remains preserved
in these beds present no characters by which they can
be distinguished from the living representatives of the
species.”

One of the instances referred to is very striking. At
Bovey Tracey the arctie beds rest direetly on those hold-
ing the rich, warm temperate flora of the Eocene ; so
that here we have the evidence of fossil plants to show the
change from the climate of the Eocene to that of aretic
lands, and the modern vegetation to indicate the return
of a warm temperature.
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In Canada, in the Pleistocene beds known as the Leda
clays, intervening between the lower boulder elay and
the Saxicava sand, which also holds boulders, there are
beds holding fossil plants, in some places intermixed with
sea~shells and bones of marine fishes, showing that they
were drifted into the sea at a time of gubmergence.
These remains are boreal rather than arctie in charucter,
and with the remains of drift-wood often found in the
boulder deposits serve to indicate that there were at all
times oases of hardy life in the glacial deserts, just as we
find these in polar lands at the present day. I condense
from a paper on these plants* the following facts, with a
few additional notes :

The importance of all information bearing on the
temperature of the Post-pliocene period invests with
much interest the study of the land-plants preserved in
deposits of this age. Unfortunately, these are few in num-
ber, and often not well preserved. In Canada, thongh
fragments of the woody parts of plants oceasionally occur
in the marine clays and sands, there is only one locality
which has afforded any considerable quantity of remains
of their more perishable parts. This is the well-known
deposit of Leda elay at Green’s Croek, on the Ottawa,
celebrated for the perfection in which the ckeletong of
the eapelin and other fishes are preserved in the ealeareous
nodules imbedded in the clay. In similar nodules, con-
tained apparently in a layer somewhat lower than that
holding the ichthyolites, remains of land-plants are some-
what abundant, and, from their association with shells of
Ledw glocialis, seem to have been washed down from the
land into deep water. The circumstances would seem to
have been not dissimilar from those at present existing
in the northeast arm of Gaspé Basin, where I have dredged
from mud now being deposited in deep water, living

* “Canadian Naturalist,” 1866,
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specimens of Leda limatula, mixed with remains of land-
plants.

The following are the specics of plants recognised in
these nodules :

1. Drosera rotundifolia, Linn. In a ealearcous nodule
from Green’s Creek, the leaf only preserved. This plant
is common in bogs in Canada, Nova Scotia, and New-
toundland, and thence, according to Hooker, to the Arctic
circle. It is also European.

9. Acer spicatum, Lamx. (Acer montanwm, Aiton.)
TLeal in a nodule from Green’s Creck. Found in Nova
Scotia and Canada, also at Lake Winnipeg, according to
Richardson.

3. Potentills Canadensis, Linn. In nodules from
Green’s Oreek ; leaves only preserved. T have had some
difficulty in determining these,
but believe they must be referred
to the species above named, or
to P. simplex, Michx., supposzed
by Hooker and Gray to be a va-
riety. It occurs in Canada and
New England, but I have no in-
formation as to its range north-
ward.

s 4. Gaylussaceia resinosa, Tor-

Fio, 1. —Gaylusacein resi-  Tey and Gray. Leaf in nodule

nged.  Flewstocene, Ca- g Groen’s Creek.  Abundant in

New England and in Canada,

also on Lake TTuron and the Saskatchewan, according to
Richardson (Fig. 77).

5. Populus balsamifera, Linn. Leaves and branches
in nodules at Green’s Creck. Thig is by much the most
common gpecies, and its leaves are of small size, ag if from
trees growing in cold and exposed situations. The species
is North American and Asiatic, and abounds in New Eng-
land and Canada. It extends to the Arctic circle, and is
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abundant on the shores of the Great Slave Lake and on
the McKenzie River, and according to Richardson con-
stitutes much of the drift timber of the Arctic coast
(Fig. 78).

6. Thuje occidentalis, Linn, Trunks and branches
in the Leda clay at Montreal, This tree occurs in New
Kugland and Canada, and extends northward into the

Tra, §8.—Fopulus balsymifere, Pleistocene, Canada.

Hudson Bay territories. It is a northern though not
aretic species in ils geographical range. According to
Lyell it oceurs associated with the bones of Mastodon in
New Jorsey. From the great durability of its wood, it is
one of the trees most likely to be preserved in agueous
deposits.

V. Polamaogeton perfoliafus, Linn, Leaves and seeds
in nodules at Green’s Creck. Inhabits streams of the
Northern States and Canada, and according to Richard-
son extends to Great Slave Lake,

8. Potamogeton pusillus. Quantities of fragments
Which I refer to this gpecies ocear in nodules at (ireen’s
Creck. They may possibly belong to a variety of P.
lybridus which, together with P. nafans, now STOWS in
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the river Ottawa, where it flows over the beds containing
these fossils.

9. Coricee and Greminem. Fragments in nodules
from Green’s Creek appear to belong to plants of these
groups, but I cannot venture to determine their species.

10. Egquisetum scirpoides, Michx, Fragments in nod-
ules, Green’s Creek. This is a widely distributed spe-
cies, occurring in the Northern States and Canada.

11. Fontinalis. In nodules at Green’s Creek there
occur, gomewhat plentifully, branches of a moss appar-
ently of the genuns Fon-
tinalis.

12. Algee. With the
plants above mentioned,
both at Green’s Creek
and at Montreal, there
pecur remaing of sea-
weeds (Fig. 79). They
scem to belong to the
genera Fucus and Ulva,
but I cannot determine
the species. A thick
gtem in one of the nod-
wles wonld seem to indi-
cate o large Lominaria.

ik ""‘7"—]‘;‘;";;} of Tuous. Tldisto-  With the above there are

found at Green’s Creek a

number of fragments of leaves, stems, and fruils, which

I have not been able to refer to their gpecies, principally
on account of their defective state of preservation.

None of the plants above mentioned is properly arctie
in its digtribution, and the assemblage may be character-
ised as a gelection from the present Canadian flora of some
of the more hardy species having the most northern
range. (reen’s Creck iz in the cenfral part of Canada,
near to the parallel of 46°, and an accidental selection
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from its present flora, though it might contain the same
species found in the nodnles, would certainly inclade with
these, or instead of some of them, more gouthern forms.
More especially the balsam poplar, thongh that tree oc-
curs plentifully on the Ottawa, would not be so pre-
dominant. DBut gnch an agsemblage of drift-plants might
be furnished by any American stream flowing in the lati-
tude of 50° to 55° north. If g stream flowing to the
north, it might deposit these plants in still more northern
latitudes, as the McKenzie River does now. If flowing
to the south, it might deposit them to the south of 50°.
In the case of the Ottawa, the plants could not bave been
derived from a more southern loeality, nor probably from
one very far to the north. We may therefore safcly as-
gume that the refrigeration indicated by these plants
would place the region bordering the Ottawa in nearly the
same position with that of the south coast of Labrader
fronting on the Gulf of St. Lawrence at present. The
absence of all the more arctic speeies occurring in Lab-
rador should perhaps induce ug to infer a somewhat
milder climate than this.

The moderate amonnt of refrigeration thus required
would in my opinion accord very well with the probable
conditions of climate deducible from the cireumgtances in
which the fossil plants in question oceur. At the time
when they were deposited the sea flowed np the Ottawa
valley to a height of 200 to 400 feet above its present
level, and the valley of the St. Lawrence was s wide arm
of the soa, open to the arctic current. Under these con-
ditions the immense gquantities of drilt-ice from the
northward, and the removal of the great heating surface
now prosented by the low lands of Canada and New Eng-
land, must have given for the Ottawa coast of that period
a summer temperature very similar to that af present ex-
perienced on the Labrador coast, and with this conelugion
the marine remains of the Leda cluy, as well as the few
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land molluscs whose shells have been found in the beds
containing the plants, and which are species still oceur-
ring in Canada, perfectly coincide.

The elimate of that portion of Canada above water at
the time when these plants were imbedded may safely be
agsumed to have been colder in summer than at present,
to an extent equal to about 5° of latitude, and this re-
frigeration may be assumed to correspond with the re-
quirements of the actnal geographical changes implied.
In other words, if Canada was submerged until the
Ottawa valley was converted into an estuary inhabited by
species of Leds, and frequented by capelin, the diminu-
tion of the summer heat consequent on guch depresgion
would be precisely suitable to the plants oceurring in
these deposits, withoul assuming any other cause of
change of climate.

I have arranged elsewhere the Post-pliocene deposits
of the central part of Canada, as consisting of, in ascend-
ing order: (1) The boulder clay; (2)a deep-water de-
posit, the Leda clay ; and (3) a shallow-water deposit, the
Saxicava gand. But, although I have placed the boulder
clay in the lowest position, it must be observed that T do
not regard this as a continuous layer of equal age in all
places. On the contrary, though locally, as at Monftreal,
under the Leda clay, it ig in other places and alb other
levels contemporaneous with or newer than that deposit,
which itself also locally containg boulders.

At Green’s Creek the plant-bearing nodules ocenr in
the lower part of the Leda clay, which contains a few
boulders, and is apparently in places overlaid by large
boulders, while no distinet boulder clay underlies it.
The circumstances which accumulated the thick bed of
boulder clay near Montreal were probably absent in the
Ottawa valley. In any case we must regard the deposits
of Green’s Creek as coeval with the Leda clay of Montreal,
and with the period of the greatest abundance of Leda
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glacialis, the most exclusively arctie shell of these de-
posits. In other words, I regard the plants above men-
tioned as probably belonging to the period of greatest re-
frigeration of which we have any evidence, of course not
including thal mythical period of universal incasement in
ice, of which, as I have elsewhere endeavoured to show,
in go far az Canada is concerned, there is no evidence
whatever.®

The facts above stated in reference to Post-pliocene
plants coneur, with all the other evidence I have been
able to obfain, in the conclusion that the relrigeration of
Canada in the Post-pliocene period consisted of a diminu-
tion of the summer heat, and was of no greater amonnt
than that fairly attributable to the great depression of the
land and the different distribution of the ice-bearing
arctic eurrent.

In connection with the plants above noticed, it is in-
teresting to observe that at Green’s Creels, at Pakenham
Mills, at Montveal, and at Clarenceville on Lake Cham-
plain, species of Canadian Pulmonate have been found in
deposits of the same age with those contuining the plants.
The species which have been noticed belong to the genera
Lymner and Planorbis.

The Glacial age was, fortunately, not of very long du-
ration, though its length has been much exaggerated by
certain schools of geologists.t It passed away, and a re-
turning cosmie spring gladdened the earth, and was ush-
ered in by a time of great rainfall and consequent denu-
dation and deposit, which has been styled the *“ Pluyial
Period.” The remains of the Pliocene forests then re-
turned—with somewhat diminighed numbers of species—

* Notes on Post-Pliocene of Canada, © Canadian Naturalish,” 1872,

+ This 1 have long maintained on grounds connected with Pleistocene
fossils, amount of denudation and deposit, &c., and I am glad to see that
Prestwich, the best Enslish autherity on such subjeets, bus recently an-
nounced similar eonelusions, based on independent reasons,
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from the gouth and again occupied the land, though they
have not been able, in their decimated condition, to re-
store the exuberance of the flora of the earlier Tertiary.
In point of fact, as we shall see in the next chapter, it is
the floras originating within the polar circle and coming
down from the north that are rich and copious. Those
that, alter periods of cold or submergence, return from
the south, are comparatively poor. Hence the modern
flora is far inferior to that of the Middle Kainozoie. In
Ameriea, however, and in eastern Asia, for reasons al-
ready stated, the return was more abundant than in
Europe.

Simnltaneously with the return of the old temperate
flora, the arctic plants that had overspread the land re-
treated to mountain-tops, now barved of ice and snow, and
hack to the polar lands whence they came ; and o 1t hap-
pens that, on the White Mountains, the Alps, and the
Mimalayas, we have insular patches of the same groups of
plants that exist around the pole.

These changes need not have required a very long
time, for the multiplication and migration of plants are
very rapid, especially when aided by the agency of migra-
tory animals. Many parts of the land must, indeed, have
been stocked with plants from various sourees, and by
agoncies—as that of the sea—which might at first sight
seem adverse to their distribution. The British Tslands,
for example, have no indigenous plants. Their flora
congists mainly of Germanic plants, which must have
migrated to Britain in that very late period of the Post-
glacial when the space now oceupied by the North Sea
was mostly dry land, Other portions of it are Scandi-
navian plants, perhaps gurvivors of the Glacial age, or
carried by migratory birds; and still another element
consists of Spanish plants, bronght north by spring mi-
grants, and establishing themselves in warm and sheltered
spots, just as the arctic plants do on the bleak hill-tops.
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The Bermudas, altogether recent islands, have one hun-
dred and fifty gpecies of native plants, all of which are
West Indian and American, and must have been intro-
duced by the sea-currents or by migratory birds.

And so the earth became fitted for the residence of
modern man.  Yet it is not go good or Edenic a world as
it once was, or as it may yet become, were another revo-
lution to restore a mild elimate to the arctic regions, and
to send down & new swarm of migratory species to renew
the face of the earth and restore it to its pristine fertility
of vegetable life.

Thus closes this long history of the succession of
plants, reaching from the far baek Lawrentian to the
present day. 1t has, no doubt, many breaks, and much
remains to be discovered. Yet it may lead us fo some
positive conclusions regarding the laws of the introduction
of plants.

One of these, and perhaps the most remarkable of all,
ig that eertain principles were seftled very far back, and
have remained ever gince. We have seen that in the
earliest geological periods all that pertaing to the struct-
ure, powers, and laws of the vegetable cell was already
fixed and settled. When we consider how much this
implies of meehanical strueture and chemical and vital
property, the profound significance of this statement be-
comes apparent. The relations in these respects between
the living eell and the soil, the atmogphere and the sun-
shine, were apparently as perfect in the carly Palwozoic
as in any subsequent time.” The same may be said of the
structures of the leaf and of the stem. . In such old forms
as Nematophylon these wero, it is true, pecnliar and rudi-
mentary, but in the Devonian and Carboniferous the
structure of leaves and stems embodied all the parts and
prineiples that we find at present. In regard to fruetifi-
cation there has been more progress, for, so far as we
know, the highest and most complex forms of flowers,
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fruits, and seeds belong to the more recent periods, and
simpler forms were at leagt dominant in the older times.
Yeb even in this vespect the great leading laws and struct-
ures of hisexual reproduction were perfected in the early
Palxozoic, and the improvements introduced in the gym-
nosperm and the angiosperm of later periods have con-
sisted mainly in additions of accessory parls, and in modi-
fications and refinements suited to the wants of the higher
and more complex types.



CHAPTER. VIIL

GENERAL LAWS OF ORIGIN AND MIGRATIONS OF PLANTS.
—RELATIONS O RECENT AND FOSSIL FLORAS.

TaE origination of the successive floras which have
occupied the northern hemisphere in geolagical time,
not, as one might at first sight suppose, in the sunny
climes of the south, but under the arctie skies, is a fact
long known or sugpected. It is proved by the occurrence
of fossil plants in Greenland, in Spitzbergen, and in Grin-
nell Land, under cirenmstances which show thab these
were their primal homes, The fact bristles with physical
diffieulties, yet is fertile of the most interesting theoreti-
cal deductions, to reach which we may well be content to
wade through some intricate questions. Though not at
all a new fact, its full significance seems only recently to
have dawned on the minds of geologigty, and within the
last few years it has produced a number of memoirs and
addresses to learned sociefies, besides many less formal
notices.

The earliest suggestion on the subject known to the
writer ig that of Prof. Asa Gray, in 1867, with reference
to the probable northern rource of the related floras of
North America and castern Asia, With the aid of the
new facts disclosed by Heer and Lesquereux, Gray re-

* Saporta, “Ancienne Vigétation Polaive™; Iooker, “ Presidential
Address to Royal Society,” 1878 Thistleton Dyer, © Lecture on Plant
Distribution” ; Mr., Starkie Gardner, “ Letters in ‘ Nature,’™ 1878, &e.
The basis of most of these brochures is to be found in Meer's % Flors
Fossilis Arctica,”
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turned to the subject in 1872, and more fully developed
this coneclusion with reference to the Tertiary floras,®
and he hag recently still further discussed these questions
in an able leeture on “ Forest Geography and Archseol-
ogy.”t In this he puts the case so well and tersely that
we may quote the following sentences as a text for what
follows :

I can only say, at large, that the same species (of
Tertiary fossil plants) have been found all round the
world ; that the richest and most extensive finds are in
Greenland ; that they comprise most of the sorts which I
have spoken of, as American trees which onece lived in
Furope—magnolias, sassafras, hickories, gum-trees, our
identical southern eypress (for all we can see of differ-
ence), and especially Seguoias, not only the two which
obviously answer to the two big-frées now peculiar to
California, but several others; that they equally com-
prise trees now peculiar to Japan and Ching, three kinds
of gingko-trees, for instance, one of them not evidently
distinguighable from the Japan species which alone sur-
vives ; that we have evidence, not merely of pines and
maples, poplars, birches, lindens, and whatever else char-
acterizse the temperate zone forests of our era, but also of
parficular species of these, go like those of our own time
and country that we may fairly reckon them as the an-
cestors of several of ours. Long genecalogies always deal
more or less in conjecture ; but we appear to be within
the limits of seienfific inference when we announce that
our existing temperate trees came from the north, and
within the bounds of nigh probability when we claim not
a few of them as the originals of prezent species. Remains
of the same plants hayve been found fossil in our tem-
perate region as well as in Europe.”

* Address to American Association.
t “ American Journal of Science,” xvi., 1878.
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Between 1860 and 1870 the writer was engaged in
working out all that could be learned of the Devonian
plants of eastern America, the oldest known tlora of any
richness, and which consists almost exclusively of gigantic,
and to us grotesque, representatives of the club-mosses,
ferns, and mares’-tails, with some trees allied fo the cycads
and pines.  In this purenit nearly all the more important
localities were visited, and access was had to the large
collections of Prof. Ilall and Prof. Newberry, in New
York and Ohio, and to those made in the remarkable
plant-bearing beds of New Brunswick by Messrs. Matthew
and IHartt. In the progress of these researches, which
developed an unexpectedly rich assemblage of species, the
northern origin of this old flora seemed to be established
by its earlier eulmination in the northeast, in connection
with the growth of the American land to the sonthward,
which took place after the great Upper Silurian subsi-
dence, by elevations beginning in the north while those
portions of fhe continent to the sonthwest still remained
under the sea. The same result wus indicated by the
persistence in the Carboniferons of the south and west of
old Erian forms, like Megalopteris.

When, in 1870, the labours of those ten years were
brought before the Royal Society of London, in the
Bakerian lecture of that year, and in a memoir illustrat-
ing no less than one hundred and twenty-five species of
plants older than the great Carboniferous system, these
deductions were staled in connection with the conclusions
of Hall, Logan, and Dana, as to the distribution of sedi-
ment along the northeast side of the American continent,
and the anticipation was hazarded that the oldest Palso-
zoic floras would be discovered to the north of Newfound-
land. Mention was also made of the apparent earlier
and more copious birth of the Devonian flora in America
than in Envope, a fact which is itsell connected with the
greater northward exlension of this continent.
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The memoir containing these results was not published
by the Royal Society, but its publication was secured in a
less complete form in the reports of the ““Geological Sur-
vey of Canada.” The part of the memoir relating to Cana-
dian fossil plants, with a portion of the theoretical dedne-
tions, was published in a report issued in 1871.* In this
report the following language was used :

“In eastern America, from the Carboniferous period
onward, the centre of plant distribution has been the Ap-
palachian chain. From this the plants and sediments
extended westward in times of elevation, and to this they
receded in times of depression. DBut this eentre was non-
existent before the Devonian period, and the centre for
this munst have been to the northeast, whence the great
mass of older Appalachian sediment was derived. In the
Carboniferous period there was also an eastward distribu-
tion from the Appalachians, and links of connection in
the Atlantic bed between the floras of Europe and Ameri-
ca. In the Devonian such connection can have been only
far to the northeast. It is thercfore in Newfoundland,
Labrador, and Greenland that we are to look for the
oldest American flora, and in like manuer on the border
of the old Scandinavian nucleus for that of Europe.

¢ Again, it must have been the wide extension of the
gen of the corniferous limestone that gave the last blow
to the remaining flora of the Lower Devonian ; and the
re-clevation in the middle of that epoeh brought in the
Appalachian ridges as a new centre, and established a
connection with Europe which introduced the Upper
Devonian and Carboniferous florae. Lastly, from the
comparative richness of the later Hrian { flora in eastern
America, especially in the St. John beds, it might be a

# # [ossil Plants of the Devonian and Upper Silurian Formations of
Canada,” pp. 92, twenty plates, Montreal, 1871.
{ Hee pages 107 and 108.
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fair inference that the northeastern end of the Appala-
chian ridge was the original birthplace or centre of crea-
tion of what we may call the later Palwozoic flora, or of
a large part of that flora.”

When my paper was written I had not seen the ac-
count published by the able Swiss palsobotanist Heer, of
the remarkable Devonian flora of Bear Island, near Spitz-
bergen.* From want of acquaintance with the older
floras of America and western Hurope, Heer fell into the
unfortunate error of regarding the whole of Bear Island
plants as Lower Carboniferous, a mistake which his great
authority has tended to perpetuate, and which hag even
led to the still graver error of some European geologistz,
who do not hesitate to regard as Carboniferous the fossil
plants of the American deposits from the Hamilton to
the Chemung groups inclusive, though these belong to
formations underlying the oldest Carboniferous, and char-
acterised by animal remains of unquestioned Devonian
age. In 1872 T addressed anote to the Geological Society
of London on the subject of the so-called * Ursa stage ”
of Heer, showing that, though it contained some forms
not known at so early a date in temperate Europe, it was
clearly, in part at least, Devonian when tested by North
American standards ; but that in this high latitude, in
which, for reasons stated in the report above referred to,
I believed the Devonian plants to have originated, there
might be an intermixture of the two floras. But such a
mixed group should in that latitude be referred to a
lower horizon than if found in temperate regions. Dr.
Nathorst, as already stated, has recently obtained new
facts which go to show that plants of two distinct hori-
Zzong may have been intermixed in the collections sub-
mitted to Heer.

* “Transactions of the Swedish Academy,” 1871; “Journal of the

London Geological Society,” vol, xxyiii.
R
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Between 1870 and 1873 my attention was turned to
the two subfloras intermediate between those of the Devo-
nian and the coal-formation, the floras of the Lower
Carboniferous (Subcarboniferous of some American geol-
ogists) and the Millstone Grit, and in a report upon
these * similar deduetions were expressed. I was stated
that in Newfoundland the coal-beds scem to belong to
the Millstone Grit series, and as we proceed southward
they belong to progressively newer portions of the Car-
boniferous system. The same fact is observed in the
coal-beds of Seofland, as compared with those of Eng-
land, and it indieates that the coal-formation flora, like
that of the Devonian, spread itgelf from the north, and
this accords with the somewhat extensive occurrence of
Lower Carboniferous rocks and fossils in the Parry Islands
and elsewhere in the aretie regions.

Passing over the comparatively poor flora of the earlier
Mesozoic, congigting largely of eyeads, pines, and ferns,
and as yet little known in the aretic, and which may
have originated in the south, though represented, accord-
ing to Heer, by the supposed Juragsic flora of Siberia, we
find, especially at Komé and Atané in Greenland, an in-
teresting oceurrence of those earliest precursors of the
truly modern forms of plants which appear in the Creta-
ceous, the period of the English chalk and of the New
Jersey greensands.  There are two plant-groups of this
age in Greenland ; one, that of Komé, consists almost en-
tirely of ferns, eycads, and pines, and is of decidedly
Mosozoie aspect.  This is called Lower Cretaceous. The
other, that of Atané, holds remains of many modern tem-
perate genera, a8 Populus, Myrica, Ficus, Sassafras, and
Magnolie. This is regarded as Upper Cretaceous. Rest-
ing upon these Upper Cretaceous beds, without the inter-

= ¢ Posgil Plants of Lower Carhoniferous and Millstone Grit Forma-
tions of Canada,” pp. 47, ten plates, Montreal, 1873,
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vention of any other formation,* are beds rich in plants
of much more modern appearance, and referred by Heer
to the Miocene period, a reference, as we have seen, not
warranted by comparison with the Tertiary plants of Eu-
rope or of America. Still farther north thiz so-called
Miocene assemblage of plants appears in Spitzbergen and
Grinnell Land ; but there, owing to the predominance of
trees allied to the spruces, it has a decidedly more boreal
character than in Greenland, as might be anticipated from
its nearer approach to the pole.

It now we turn to the Cretaceous and Tertiary floras
of western Ameriea, as described by Lesquerenx, New-
berry, and others, we find in the lowest Cretaceous rocks
there known—those of the Dakota group—which may be
in the lower part of the Middle Cretaceous, a series of
plants ] essentially similar to those of the so-called Upper
Oretaceous of Greenland. They oceur in beds indieating
land and fresh-water conditions as prevalent at the time
over great areas of the interior of America. But aver-
lying this plant-bearing formation we have an ocecanic
limestone (the Niobrara), corresponding in many respects
to the European chalk, and extending far north into the
British territory,™ indicating that the land of the Lower
Cretaceous was replaced by a vast Mediterranean Sea,
filled with warm water from the equatorial currents, and
not invaded by cold waters from the north. This is sue-
ceeded by thick Upper Cretaccous deposits of clay and
sandstone, with marine remains, though very sparsely

* Nordenskiold, * Expedition to Greenland,” * Geological Magazine,”
1879,

t Yet even here the bald eypress (Tazodium distickum), or a tree
nearly allied to it, is found, though this species is now limited to the
Southern States. Ficlden and De Rance, © Journal of the Geologieal So-
ciety,” 1878.

+ Lesquereux, “ Report on Cretaceous Tlova,”

# G. M. Dawsen, “ Report on Forty-ninth Parallel.”
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distributed ; and these show that further subsidence or
denudation in the north had opened a way for the arctic
currents, killing out the warm-water animals of the Nio-
brara group, and filling up the Mediterrancan of that
period. Of the flora of these Upper Uretaceous periods,
which mugt have been very long, we know something in
the interior regions, from the discovery of a somewhat
rich flora in the Dunvegan beds of the Peace River dis-
trict, on the northern shore of the great Cretaceons Medi-
terrancan ;* and on the coast of British Columbia we
have the remarkable Cretaceous coal-field of Vancouver
Island, which holds the remains of plants of modern
genera, and, indeed, of almost as modern aspect as those
of the so-called Miocene of Greenlaud. They indicate,
however, a warmer climate as then prevalent on the Pa-
cific coast, and in this respect correspond with a peculiar
transition flora, intermediate between the Cretaceons and
Eocene or earliest Tertiary of the interior regions, and
which i deseribed by Lesquereux as the Lower Lig-
nitie.

Immediately above these Upper Cretaceous beds we
have the great Lignite Tertiary of the West—the Laramie
group of recent American reports—abounding in fossil
plants, at one time regarded as Miocene, but now known
to be Lower Eocene, though farther south extending up-
ward toward the Miocene age.t These beds, with their
characteristic plants, have been traced into the British
territory north of the forty-ninth parallel, and it has been
shown that their fossils are identical with those of the

* 4 Reports of Dr. G, M. Dawson, Geological Survey of Canada” Also,
“Transactions of the Royal Society of Canada,” vol, i.

t Lesguereux’s “Tertiary Flora™; “ White on the Laramie Group”;
Stevenson, “ Geological Relations of Lignitic Groups,” American Philo-
sophical Bociety, June, 1875 Dawson,  Transactions of the Royal So-
ciety of Canada,” vol. iv.; Ward, “ Bulletin of United States Geological
Burvey.”
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McKenzie River valley, described by Heer as Miocene,
and probably also with those of Alaska, referred to the
same age.™ Now this truly Hocene flora of the temperate
and northern parts of America has so many species in
common with that ealled Miocene in Greenland that its
identity can scarcely be doubted. These fncts have led
to scepticism as to the Miocene age of the upper pla.nL-
bearing beds of Greenland, and more espeually Mz, J.
Starkie Gardner has ably argued, from comparison with
the Eocene flora of Englund and other considerations,
that they are rcally of that earlier date.t

In looking at this question, we may fairly assume that
no climate, however equable, could permit the vegeta-
tion of the neighbourhood of Diseco in Greenland to be
exactly identical with that of Colorado and Missouri, at a
time when little difference of level existed in the two
regions.  Either the southern flora migrated north in
consequence of a greater amelioration of elimate, or the
northern flora moved southward as the climate became
colder. The same argument, as Gardner has ably chown,
applies to the similarity of the Tertiary plants of temper-
ate Europe to those of Greenland. If Greenland required
a temperature of about 50°, ag Heer caleulates, to main-
tain its Eocene flora, the temperature of England and
that of the Southwestern States must have been higher,
though probably more equable, than at present.

We cannot certainly affirm anything respecting the
migrations of these floras, but there are some probabilities
which deserve attention. The ferns and cyeads of the
so-called Lower Uretaccous of Greenland are nothing but
a continuation of the previous Jurassic flora. Now this
wag established at an equally early date in the Queen

* G. M. Dawson, “ Report on the Geology of the Forty-ninth Parallel,»
where full details on these points may be found. “Transactions of the
Royal Society of Canada,” vol. iv.

{ “ Nature,” December 12, 1878,
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Charlotte Islands,® and still earlier in Virginia.t The
presumption is, therefore, that it came from the south.
It has, indeed, the facies of a southern hemisphere and
ingular flora, and probably spread iteelf northward as far
as Greenland, at a time when our northern continents
were groups of islands, and when the ocean currents were
carrying warm water far toward the arctic regions. The
flora which succeeds this in the sections abt Atané has no
special affinities with the southern hemisphere, and is of
a more temperate and continental character.f It is not
necessarily Upper Cretaceous, since it is similar to that
of the Dakota group farther south, and this is at least
Middle Cretaceous. This flora must hayve originated
either somewhere in femperate America or within the
Aretic cirele, and it must have replaced the older one by
virtue of inereasing coolnesg and continental character of
climate. It must, therefore, have been connected with
that elevation of the land which took place at the begin-
ning of the Cretaceous. During this elevation it spread
over all western America at one time or another, and, as
the land again subsided under the sea of the Niobrara
chalk, it assumed an aspect more suited to a warm cli-
mate, but still held its place on such islands as remained
above water along the Pacific coast and in the north, and
it continued to exist on these islands till the colder seas

* “Reports of the Geological Survey of Canada,”

1 Fontaine has well deseribed the Mesozoie flora of Virginia, “ Ameri-
can Journal of Science,” January, 1879, and “ Report on Early Mezozoic
Floras,”

1 In the “Proceedings of the Royal Society of Tasmania,” 1887, Mr.
R, M. Johnston, F. L. 8, states that in the Miocene beds of Tasmania trees
of European genera abound. The Mesozoic flora of that island is of the
usual conifero-cycadesn type. Ettingshausen makes a similar statement
in the *Geological Magnzine ” respecting the Tertiary flora of Australia
and New Zealand, stating that, like {he Tertiary flovas of Rurope, they
have a mixed character, boing partly of types now belonging to the north-
ern hemisphere.
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of the Upper Cretaceons had again given place to the
warm plains and land-locked brackish seas or fresh-water
lakes of the Laramic period (Eocene). Thus the true
Upper Oretaceous marks a cool period intervening be-
tween the so-called Upper Cretaceous (really Middle Cre-
taceous) and the so-called Miocene (really Lower Eocenc)
floras of Greenland.

This latter established itself in Greenland, and prob-
ably all around the Aretic ecirele, in the warm period of
the earlicst Hoecene, and, as the climate of the northern
hemisphere became gradually redneed from that time till
the end of the Pliocene, it marched on over both conti-
nents to the southward, chased behind by the modern
aretic flora, and eventually by the frost and snow of the
Glacial age. This history may admit of correction in de-
tails; but, so far as present knowledge extends, it is in
the main not far from the truth.

Perhaps the first great qunestion which it raises is that
a8 o the causes of the alternations of warm and eold cli-
mates in the north, apparently demanded by the vieissi-
tudes of the vegetable kingdom. Hero we may set aside
the idea that in former times plants were suited to endure
greater cold than at present. It is true that some of the
fosgil Greenland plants are of unknown genera, and many
are gpecies new to us; but we are on the whole safe in
affirming that they must have required conditions similar
to those necessary to their modern representatives, exeept
within such limits as we now find to hold in gimilar cases
among existing plants, Still we know that at the present
time many species found in the equable climate of Eng-
land will not live in Canada, though species to all appear-
ance similar in structure are native here. There is also
some reagon to suppose that species when new may have
greater hardiness and adaptability than when in old age
and verging toward exfinetion, In any case these facts
can account for but a small part of the phenomena, which
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require to be explained by physical changes affecting the
earth as a whole, or at least the northern hemisphere.
Many theoretical views have been suggested on this sub-
jeet, and perhaps the most practical way of disposing of
these will be first to set aside a number which are either
precluded by the known facts, incapable of producing
the effects, or altogether uncertain as to their possible
OCCULTEence.

1. In this class we may place the theory that the poles
of the earth have changed their position. Independently
of astronomical objections, there is good geological evi-
dence that the poles of the earth must have been nearly
in their present places from the dawn of life until now.
From the Laurentian unpward, those organic limestones
which mark the areas where warm and shallow equatorial
water was spreading over submerged continents are so
dizposed as to prove the permanence of the poler. In
like manner all the great foldings of the erust of the earth
have followed lines which are parts of great circles tangent
to the existing polar cireles. So, also, from the Cambrian
age the great drift of sediment from the north has fol-
lowed the line of the existing Aretie currents from the
northeast to the southwest, throwing itself, for example,
along the line of the Appalachian uplifts in ecastern
America, and against the ridge of the Cordilleras in the
west.

2. Some of the above considerations, along with astro-
nomical evidence, prevent us from assuming any consid-
erable change in the obliquity of the axis of the earth
during geological time.

3. That the ecarth and the sun have diminished in
heat during geological time seems probable ; but physical
and geological facts alike render it certain that this influ-
ence could have produced no appreciable effect, even in
the times of the earliest floras, and ecertainly not in the
case of Tertiary vegetation,
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4. It has been supposed that the earth may have at
different times traversed more or less heated zones of
gpace, giving alternations of warm and cold temperature.
No such differences in space are, however, known, nor
does there seem any good ground for imagining their ex-
istence.

5. The heat of the sun is known to be variable, and
the eleven years’ period of sun-gpots has recently attracted
much attention as producing appreciable effects on the
seasons.  T'here may possibly be longer cycles of solar
energy, or the sun may be Hable, like some variable stars,
to paroxysms of increased energy. Such changes are
possible, and may fairly be taken into the account, pro-
vided that we fail to find known causes sufficient to ac-
count for the phenomena.

Of well-known causes there seem to be but three.
These arve : First, that urged by Lyell—viz., the varying
distribution of land and water along with that of marine
currents ; sccondly, the varying eccentricity of the earth’s
orbit, along with the precession of the equinoxes, and the
effcets of this on oceanic ciremlation, as illustrated by
Croll ; thirdly, the different conditions of the carth’s
atmosphere with reference to radiation, as argued by Tyn-
dall and Hunt. As these causes are all founded on known
faets, and not exclusive of each other, we may consider
them together. I shall take the Lyellian theory first, re-
garding it as the most important, and the best supported
by geological facts,

We know that the present distribution of land and
water greatly influences climate, more especially by af-
fecting that of the occan currents and of the winds, and
by the different action of land as compared with water in
the reception and radiation of heat. The present distri-
bution of land gives a large predominance to the arctic
and sub-arctic regions, as compared with the equatorial
and with the antarctic; and we might readily imagine
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other distributions that would give very different resnlts.
But this is not an imaginary case. We know that, while
the forms and positions of the great continents have been
fixed {rom a very early date, they have experienced many
great submergences and re-elevations, and that these have
oceurred in somewhat regular sequence, as evidenced by
the eyclieal alternations of organie limestones and earthy
sediments in suceessive geological formations,

An example bearing on our present subject may serve
to illustrate this. In the latter part of the Upper Silu-
rian period (the Lower Helderberg age), vast areas of the
American continent* were covered with an ocean in
which were deposited organic limestones whose fossils
ghow that this greal inferior sea was pervaded by equa-
torial waters bringing food and warmth, while the in-
cipient ranges of the Appalachians on the east, and the
Cordilleras on the west, and the Laurentian axis on the
north, fenced off from it the colder arctic waters. Tow
different must the climate of America and of the region
north of it have been in these eireumstances from that
which prevails at present, or from that which prevailed
in eertain other periods, when it was open to the ineur-
sions of the arctic ice-laden eurrents, bearing loads ol fine
sediment !+ It was in these cirenmstances, and in the
similar circumstances in which the great Corniferous
limegtone of the Devonian was deposited—a limestone
ghowing in its rich coral fauna even warmer waters than
those of the Lower Helderberg—that the Devonian flora

* See a memoir and map by Prof. Hall, * Reports of the Regents of
New York,” 187475,

{ Tt seems certain that the faunm of the old limestones, like the Tren-
ton, Niagara, Lower Helderberg, and Corniferous, belong to warm and
sheltered sen arcas, and that those rich in graptolites and trilobites, en-
closed in muddy sediments, belong to the colder avetic waters. Such
arctic faunm are those of the Quebee group and of the Utica shale, and
to some extent that of the Hamilton group.
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took its origin in the north and advanced southward over
new lands in process of emergence from the sea. The
somewhat similar condition evidenced by the Lower Car-
boniferous limestone preceded the advent of the great and
rich flora of the coal-formation.

Liyell’s theory on this subject has, T think, in some re-
cent publications, been somewhat misapprehended. It
is true that he stated hypothetically two contrasted con-
ditions of distribution, in one of which all the land was
equatorial, in another all polar ; but he did not suppose
that these conditions had actually oceurred ; and even in
his earlier editions, before the recent discoveries and dig-
cussions ag to ocean currents, he was always careful to af-
tach due value to these in connection with subsidences
and elevations.® In his later editions he introduced
more full references to eurrent action, and also stated
Croll’s theory, but still maintained the validity of his
original conclusiong.

The sufficiency of this Liyellian theory to account for
the facts, in so far as plants are concerned, may, I think,
be inferred from the course of the isothermal lines ab
present. The south end of Greenland is on the latitude
of Christiania in Norway on the one hand, and of Fort
Liard in the Peace River region on the other; and while
Greenland is clad in ice and snow, wheat and other grains,
and the ordinary trees of temperate climates, grow at the
latter places.t It is evident, therefore, that only excep-
tionally unfavourable circumstances prevent the Greenland
area from still possessing a temperate flora, and these un-
favourable cireumstances possibly tell even on the locali-
ties with which we have compared it. Further, the
mouth of the MeKenzie River isin the same latitude with

* See “ Principles of Geology,” edition of 1840, chapter vii.
1 See “ Macoun’s Report,” “ Geological Survey of Canada,” and Rich-
ardson’s * Boat Voyage.”
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Disco, near which are some of the most celebrated locali-
ties of fossil Cretaceous and Tertiary plants. Yetb the
mouth of the McKenzie River enjoys a much more fayour-
able climate and has a much more abundant flora than
Disco. If north Greenland were submerged, and low
land reaching to the south terminated at Disco, and if
from any cause either the cold currents of Buflin’s Bay
were arrested, or additional warm water thrown into the
North Atlantic by the Gulf Stream, there is nothing to
prevent u mean temperature of 45° Fahr. from prevailing
at Disco ;3 and the estimate ordinarily formed of the re-
quirements of its extinet floras is 50°,* which is probably
above rather than below the actual temperature required.

Sinee, then, geological facts assure us of mutations of
the eontinents much greater than those apparently re-
quired to account for the changes of climate implied in
the existence of the ancient aretic florag, it does not seem
absolutely necessary to invoke any others.t If, however,
there are other true causes which might either aid or
counteract those above referred to, it may be well to
consider them.

Mr. Croll has, in his valuable work ¢ Climate and
Time,” and in various memoirs, bronght forward an in-
genious astronomical theory to account for changes of
climate. This theory, as stated by himself in a recent
paper,} is that when the eccentricity of the earth’s orbit
is at a high value, and the northern winter solstice is in
perihelion, agencics are brought info operation which
make the southeast trade-winds stronger than the north-
eagt, and compel them to blow over upon the northern

* Meer. See, also, papers by Prof. Hanghton and by Gardner in
“ Nature for 1878.

+ Gir William Thomson, “ Transactions of the Geological Society of
Glasgow,” February 22, 1878,

t “ Cataclysmic Theories of Geological Climate,” * Geological Maga-
zine,” May, 1878,
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hemisphere as far as the Tropic of Cancer. The result is
that all the great equatorial currents of the ocean are im-
palled into the northern hemisphere, which thus, in con-
sequence of the immenge accumulation of warm water,
has its temperature raised, go that ice and snow must to a
great extent disappear from the arctic regions. In the
prevalence of the converse conditions, the arctic zone be-
comes clad in ice, and the southern has its temperature
raised.

A¢ the same time, according to Croll’s ealculations,
the acecumulation of ice on either pole would tend, by
shifting the earth’s centre of gravity, to raise the level of
the ocean and gnbmerge the land on the colder hemizphere.
Thus a submergence of land wounld coincide with a cold
condition, and emergence with increasing warmth. Facts
already referred to, however, show that thig hag not al-
ways been the case, but that in many eases submergence
was accompanied with the influx of warm equatorial
waters and a raiged temperature, this apparently depend-
ing on the question of local distribution of land and
waber ; and this in its turn being regulated not always by
mere shifting of the centre of gravity, but by foldings ocea-
sioned by contraction, by equatorial subsidences resulting
from the retardation of the earth’s rotation, and by the ex-
ecss of material abstracted by ice and frost from the arctic
regions, and drifted southward along the lines of aretic
currents. Thig drifting must in all geological times haye
greatly exceeded, as it certainly does at present, the de-
nudation cansed by atmospheric action at the eguator,
and must have tended to increase the disposition to equa-
torial collapse oceasioned by retardation of rotation.®

While such considerations as those above referred to

* Oroll, in * Climate and Time,” and in a note read before the Britizh
Association in 1876, takes an opposite view; but this is clearly contrary
to the facts of sedimentation, whieh show a steady movement of débris
toward the south and southwest.
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tend to reduce the practical importance of Mr. Croll's
theory, on the other hand they tend to remove one of the
greatest objections against it—mamely, that founded on
the necessity of supposing that glacial periods reeur with
astronomiecal regularity in geological time. They cannot
do go if dependent on other eauses inherent in the earth
itgelf, and producing important movements of its erust.

The third great cause of warmer climates in the past
is the larger proportion of carbon dioxide, or earboniec-
acid gas, in the atmosphere in early geological times, as
proved by the immense amount of carbon now sealed up in
limestone and coal, and which must at one time have been
in the air. It has been shown that a very small additional
quantity of this substance would so obstruet radiation of
heat from the earth as to act almost like a glass roof.,  If,
however, the quantity of carbonic acid, great at first, was
glowly and regularly removed, even if, as suggested by
Hunt, small additional supplies were gradually added
from space, this cause could have affected only the very
oldest floras. But it is known that some comets and
meteorites contain carbonaceons matter, and this allows
ug to suppose that accessions of carbon may have been
communicated at irregular intervals. If so, there may
have been eycles of greater and less abundance of this
substance, and an atmosphere rich in carbon dioxide
might at one and the same time afford warmth and abund-
dance of food to plants.

It thus appears that the eauges of ancient vieissitndes
of climate are somewhat complex, and when two or more
of them happened to coineide very extreme changes might
result, having most important bearings on the distribu-
tion of plants.

This may help us to deal with the peeuliarities of the
great Glacial age, which may have been rendered excep-
tionally severe by the combination of several of the canses
of refrigeration. We must not suppose, however, that
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the views of those extreme glacialists who suppose eonti-
nental ice-caps reaching half way to the equator are borne
out by facts. In truth, the ice accumulating round the
pole must have been surronnded by water, and there must
have been tree-clad iglands in the midst of the icy seas,
even in the time of greatest refrigeration. This is proved
by the fact that, in the Leda clay of eastern Canada,
which belongs to the time of greatest submergence, and
whose fossil shells show sea-water almost ab the freezing-
point, there are leaves of poplars and other plants which
must haye been drifted from neighbouring shores, Simi-
lar remains oecur in clays of like origin in the basin of
the great lakes and in the West. These have been ealled
“interglucial,” but there is no evidence to prove that they
are not truly glacial. Thug, while we need not suppose
that plants existed within the Arefie cirele in the Glacial
age, we have evidence that those of the cold temperate
and sub-aretie zones continued to exist pretty far north.
At the same time the warm temperate flora would hbe
driven to the south, execept where sustained in insular
gpots warmed by the equatorial eurrents. 1t would return
northward on the re-clevation of the land and the re-
newal of warmth.

If, however, our modern flora is thus one that has re-
turned from the south, this would account for its poverty
in species as compared with those of the early Tertiary.
Groups of plants deseending from the north have been
rich and varied. Returning from the south they are like
the shattered remains of a beaten army. This, at least,
hag been the case with such retreating floras as those of
the Lower Carboniferous, the Permian, and the Jurassic,
and posgibly that of the Lower Eocene of Turope.

The question of the supply of light to an arctic flora
is much legs diffienlt than some have imagimed. The
long summer day is in this respect a good substitute for
a longer season of growth, while a copious covering of



256 TOE GEOLOGIOAL HISTORY OF PLANTS.

winter snow not only protécts evergreen plants from those
sudden alternations of temperature which are more de-
structive than intense frost, and prevents the frost from
penetrating to their roots, but, by the ammonia which it
absorbg, preserves their greenness. According to Dr.
Brown, the Danish ladies of Disco long ago solved this
problem.® He informs us that they culbivate in their
houses most of our garden flowers—as roses, fuchsiag, and
geraniumsg—showing that it is merely warmth and not
light that is required to enable a subtropical flora to
thrive in Greenland. Even in Canada, which has a flora
richer in some respeets than that of temperate Enrope,
growth is effectually arrested by cold for nearly six
months, and though there iz ample sunlight there is no
vegetation. It is, indeed, mot impossible that in the
plans of the Creator the continuous summer sun of the
archic regions may have been made the means for the in-
troduction, or ab least for the rapid growth and mulsipli-
cation, of new and more varied types of plants.

Mueh, of course, remains to be known of the history
of the old floras, whose fortunes I have endeavoured to
gketch, and which geem to have been driven like shuttle-
cocks from north to soufh, and from south to morth,
especially on the American continent, whose meridional
extension seems to have given a field specially suited for
such operations.

This great streteh of the western continent, from
north to south, is also conneeted with the interesting fact
that, when new floras are entering from the arctic re-
giong, they appear earlier in America than in Europe,
and that in times when old floras are retreating from the
gouth old genera and species linger longer in America.
Thus, in the Devonian and Cretaceous new forms of those
periods appear in America long before they are recognized

* ¢ Florula Discoana,” Botanical Society of Edinburgh, 1868,
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in Europe, and in the modern epoch forms that would be
regarded in Europe as Miocene still exist. Much confu-
sion in reasoning as to the geological ages of the fossil floras
hag arisen from want of attention to this circumstance.

What we have learned respecting this wonderful his-
tory has served strangely to change some of our precon-
ceived ideaz. We must now be prepared to admit that
an Eden can be planted even in Spitzbergen, that there
are possibilities in this old earth of onrs which its present
condition does not reveal to us; that the present state of
the world is by no means the best possible in relation to
climate and vegetation ; that there have been and might
be again conditions which could convert the ice-clad are-
tic regions into blooming paradises, and which at the
same time would moderate the fervent heat of the tropics.
We are accustomed to say that nothing is impossible with
God ; but how little have we known of the gigantic pos-
sibilities which lie hidden under some of the most com-
mon of his natural laws !

These facts have naturally been made the occasion of
speculations as to the spontancons development of plants
by processes of varietal derivation. It would, from this
point of view, be a nice question to caleulate how many
revolutions of climate would suffice to eyolve the first land-
plant ; what are the chances that such plant would be so
denlt with by physical changes as to be preserved and
nursed into a meagre flora like that of the Upper Silurian
or the Jurassic ; how many transportations to Greenland
would suffice to promote such meagre flora into the rich
and abundant forests of the Upper Cretaceous, and to
people the earth with the exnberant vegetation of the
early Tertiary. Such problems we may never be able to
solve. Probably they admit of no solution, unless we in-
voke the action of an Almighty mind, operating through
long ages, and correlating with boundless power and wis-

dom all the energies inherent in inorganic and organie
8
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nature. Hven then we shall perhaps be able to compre-
hend only the means by which, after specifie types have
been created, they may, by the culture of their Maker,
be ““sported ” into new varieties or subspecies, and thus
fitted to exist under different conditions or to occupy
higher places in the economy of nature.

Before venturing on such extreme speculations as
gome now current on questiong of thiz kind, we would
require to know the successive extinet floras as perfectly
ag thoge of the modern world, and to be able to ascertain
to what extent each species ecan change either spontane-
ously or under the influnence of struggle for existence or
expansion under favourable conditions, and under arctic
somi-annual days and nights, or the shorter days of the
tropics. Such knowledge, if ever acquired, it may take
ages of investigation to accumulate.

As to the origin and mode of introduction of sucees-
sive floras, I am, for the reasons above stated, not disposed
to dogmatise, or to adopt as final any existing theory of
the development of the vegetable kingdom. Still, zome
laws regulating the progress of vegetable life may be
recognised, and I propose to state these in conmection
with the Palmozoic floras, to which my own studies haye
chiefly related.

Togsil plants are almoazt proverbially uncertain with
reference to their accurate determination, and have been
regarded as of comparatively little utility in the decision
of general questions of palmontology. This results prin-
cipally from the fragmentary condition in which they
have been studied, and from the facl that fragments of
animal structures are more definite and instructive than
corresponding portiong of plants.

It is to be observed, however, that our knowledge of
fossil plants becomes accurate in proportion fo the extent
to which we can carry the study of specimens in the beds
in which they are preserved, so as to examine more per-
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fect examples than those usually to be found in mugenms.
When struetures are taken into the account, as well as
external forms, we can also depend more confidently on
our results. Further, the abundance of specimens to be
obtained in particular beds often goes far to make up for
their individual imperfection. The writer of these pages
has been enabled to avail himself very fully of these advan-
tages ; and on this aceount, if on no other, feels entitled
to speak with some authority on theoretical questions.

It is an additional encouragement to pursue the sub-
Ject, that, when we can obtain definite information as to
the successive floras of any region, we thereby learn much
as to elimate and vicissitudes in regard to the extent of
land and water ; and that, with reference to such points,
the evidence of fossil plants, when properly studied, is,
from the close relation of plants to those stations and
climates, even more valuable than that of animal fossils.

It is necessary, however, that in pursuning guch in-
quiries we should have some definite views as fo the
nature and permanence of specific forms, whether with
reference to a single geological period or to successive
periods ; and I may be excused for stating here some gen-
eral principles, which I think important for our gnidance.

1. Botanists proceed on the assumption, vindicated by
experience, that, within the period of human observation,
species have not materially varied or passed into each
other. We may make, for practical purposes, the same
assumption with regard to any given geological period,
and may hold that for each such period there are specific
types which, for the time at least, are invariable.

2. When we inquire what constitutes a good species
for any given period, we have reason to believe that many
names in our lists represent merely varietal forms or er-
roneous determinations. This is the case even in the
modern flora ; and in fossil floras, through the poverty of
Specimens, their fragmentary condition, and various states
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of preservation, it is still more likely to oceur. Every
revision of any group of fossils detects numerous syn-
onyms, and of these many are incapable of detection
without the comparison of large suites of specimens.

3. We may select from the flora of any geological pe-
riod certain forms, which I ghall call specific types, which
may for such period be regarded as unchanging. Having
settled such types, we may compare them with similar
forms in other periods, and such comparisons will not be
vitiated by the uncertainty which arises from the com-
parison of so-called gpecies which may, in many cases, be
mere varietal forms, as distinguished from specific types.
Our types may be founded on mere fragments, provided
that these arve of such a nature as to prove that they be-
long to distinet forms which cannot pass into each other,
at least within the limits of one geological period.

4, When we compare the specific types of one period
with those of another immediately precedent or subse-
quent, we shall find that some continue unchanged
throngh long intervals of geological time, that others are
represented by allied forms regarded either as varietal or
specific, and as derived or otherwise, according to the
view which we may entertain as to the permanence of
species. On the other hand, we alzo find new types not
rationally deducible on any theory of derivation from
thoge known in other periods. Further, in ecomparing
the types of a poor period with those of one rich in gpe-
cies, we may account for the appearance of new types in
the latter by the deficiency of information as to the for-
mer ; where many new types appear in the poorer period
this conclusion seems less probable. For example, new
types appearing in poor formations, like the Lower Hrian
and Lower Carboniferons, have greater significance than if
they appeared in the Middle Erian or in the Coal Measures.

5. When specific types disappear without any known
successors, under circumstances in which it seems un-
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likely that we should have failed to discover their con-
finuance, we may fairly assume that they have become
extinet, at least locally ; and where the field of observa-
tion is very extensive, as in the great coal-fields of Europe
and America, We may esteem such extinction as practi-
cally general, at least for the northern hemisphere.
When many speeifie types become extinet together, or in
close guccession, we may suppose that such extinetion
resulted from physical changes; but where single types
disappear, under cirenmstances in which others of gimilar
habit continue, we may not unreasonably conjecture that,
ag Pictet has argued in the caseof animals, such types
may have been in their own nature limited in duration,
and may have died out without any external caunse.

6. With regard to the iniroduction of specific types
we have not as yet a sufficient amount of information.
Even if we freely admit that ordinary specific forms, as
well ag mere varieties, may result from derivation, this by
no means excludes the idea of primitive gpecific types
originating in gome other way. Just as the chemist, after
analysing all compounds and ascertaining all allotropie
forms, arrives at length at certain elements not mutually
transmutable or derivable, so the botanist and zoologist
must expect sooner or later to arrive at elementary
specific types, which, if to be accounted for at all, must
he explained on some principle distinet from that of
derivation. The position of many modern hiologists, in
presence of thisquestion, may be logically the same with
that of the ancient alchemists with reference to the
chemical elements, though the fallacy in the case of fos-
gils may be of more difficult deteetion. Our business at
present, in the prosecution of palsobotany, is to discover,
if possible, what are elementary or original types, and, hav-
ing found these, to enquire as to the law of their creation.

7. In prosecuting smch questions geographical rela-
tions must be carvefully congidered. When the floras of
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two suceessive periods have existed in the same region,
and under circumstances that render it probable that
plants have continued to grow on the same or adjoining
areas throughout these periods, the comparison becomes
direct, and this is the case with the Erian and Carbonifer-
ous floras in northeastern Ameriea. But, when the
areas of the two formations are widely separated in space
as well as in time, any resemblances of facies that we may
observe may have no connection whatever with an un-
broken continuity of specific types.

I desire, however, under this head, to affirm my con-
viction that, with reference to the Erian and Carbonifer-
ous floras of North America and of Europe, the doctrine
of ““ homotaxis.” as distinet from actual contemporaneity,
has no place. The succession of formations in the Palso-
zoie period evidences a similar series of physical phenom-
ena on the grandest scale throughout the northern hemi-
gphere. The succession of marine animals implies the
continuity of the sea-bottoms on which they lived. The
headquarters of the Erian flora in America and Europe
must have been in connecled or adjoining areas in the
North Atlantic. The gimilarity of the Carboniferous flora
on the two sides of the Atlantic, and the great number of
identical species, proves a still closer connection in that
period. These coinecidences are too extensive and too fre-
quently repeated to be the result of any accident of similar
sequence at different times, and this more especially as
they extend to the: more minute differences in the feat-
ares of each period, as, for instance, the floras of the
Lower and Upper Devonian, and of the Lower, Middle,
and Upper Carboniferous.

8. Another geographical question is that which relates
to centres of dispersion. In times of slow subsidence of
extensive areas, the plants inhabiting such areas must be
narrowed in their range and often separated from one
another in detached spots, while, at the same time, impor-
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tant elimatal changes must alzo oecur. On the re-emer-
gence of the land such of these species as remained would
again extend themselves over their former areas of distri-
bution, in so far as the new climatal and other conditions
would permit. We would naturally suppose that the first
of the above processes would tend to the elimination of
varieties, the second, to their increase ; but, on the other
hand, the breaking up of a continental flora into that of
distinet islets, and the crowding together of many forms,
might be a process fertile in the production of some varie-
ties if fatal to others.

Further, it is possible that these changes of gubsidence
may have some connection with the introduction, as well
as with the extinction, even of specific types. It is cer-
tain, at least, in the ease of land-plants, that such types
come in most plentifully immediately after elevation,
though they are most abundantly preserved in periods of
slow subsidence. I do not mean, however, that this con-
nection is one of eause and elfect ; there are, indeed, in-
dications thab it is not so. One of these is, that in some
cases the enlargement of the area of the land seems to be
as injurious to terrestrial species ag itg diminution.

9. Another point on which I have already insisted, and
which has been found to apply to the Tertiary as well as
to the Palmozoic floras, is the appearance of new types
within the arctic and boreal areas, and their migration
gouthward. Periods in which the existence of northern
land coincided with a general warm temperature of the
northern hemisphere seem to have been those most fa-
vourable to the introduction of new forms of land-plants.
Henee, there has been throughout geologieal time a gen-
eral movement of new floras from the Palmarctic and
Nearetic regions to the southward.

Applying the above congiderations to the Erian and
Carboniferons floras of North America, we obtain some
data which may guide us in arriving at general conclu-
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gions. The FErian flora is comparatively poor, and its
types are in the main similar to those of the Carbonifer-
ous. Of these types a few only reappear in the middle
coal-formation under identical forms ; a great number ap-
pear under allied forms ; some altogether disappear. The
Erian flora of New Brunswick and Maine occurs side by
gide with the Carboniferous of the same region; so does
the Erian of New York and Pennsylvania with the Car-
boniferous of those States. Thus we have data for the
comparison of successive floras in the same region. In
the Canadian region we have, indeed, in direct sequence,
the floras of the Upper Silurian, the Lower, Middle, and
Upper Erian, and the Lower, Middle, and Upper Car-
bouiferons, all more or less distinet from each other, and
affording an admirable series for comparison in a region
whose geographical features are very broadly marked.
All these floras are composed in great part of similar
types, and probably do not indicate very dissimilar general
physical conditions, but they are separated from each
other by the great subsidences of the Corniferous lime-
stone and the Lower Carboniferous limestone, and by the
local but intense subterranean action which has altered
and disturbed the Erian beds toward the close of that
period. Still, these changes were mnob universal. The
Corniferous limestone is absent in (taspé, and probably in
New Brunswick, where, congequenfly, the Erian flora
could continne undisturbed during that long period.
The Carboniferous limestone is absent from the slopes of
the Appalachians in Pennsylvania, where a retreat may
have been afforded to the Upper Erian and Lower Car-
boniferous floras. The disturbances at the close of the
Frian were limited to those eastern regions where the
great limestone-produeing subsidences were unfelt, and,
on the other hand, are absent in Ohio, where the sub-
sidences and marine conditions were almost at a maxi-
mum.
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Bearing in mind these peculiarities of the area in
question, we may now group in a tabular form the dis-
tinct specific types recognised in the Erian system, indi-
cating, at the same time, those which are represented by
identical gpecies in the Carboniferous, those represented
by similar specios of the same general Lype, and those not
represented at all, TFor example, Calamites canneformis
extends as a species into the Carboniferous; Asferophyl-
lites latifolic does not so extend, but 1s represented by
closely allied species of the same type; Nematophyton
disappears altogether before we reach the Carboniferous.

Tuble of Evian and Carboniferows Speecific Types.

S s =L O
ian Represented i 5&2E b g a8
Eria m('l;ul.fméus— ted in EE_ ?& Erian témpeqboniiggﬁs:ntedm EE‘ ﬁg
&3 |5 ST 8T
£ E:uyrmrfntylun mirabile ? "' 27. Cordaites Robhii.. ... ®
2, Nematoxylon ........ 98. O. angustifolia. .. ...
8. Nematophyton........ ‘ 29. Archwopteris Jacksoni
4, Aporosylon.......... | | 80. Ancimites obiusa.. ... &
5. Ormoxylon .......... 1 81. Platyphyllum Brownii.
6. Dadoxylon..... ...... || ¥ || 82, Cyclopteris varia .. ... -
4. Sigillaria Vanuxemii .. ® 1138, O, Obt0BH. « see v sive s
8. 8. palpebra, .. .o.o0ns # || 34, Neuropteriz polymor-
9. Didymophyllum . ..... o3 1 Pl e o e s
10, Calamodendron.... .. * 1| 86. N. serrulata ... ..... . #*
11. Calamites transitionis..| * 36. N. retorquata.. Y *
12. C. cannseformis ...... 3 8. N. resetta.. ..o veu. .|
13. Astemphvﬂites gentige- 48, Mcnaloptem Daywsoni.
............... 29. Sphenopteris Heening-
14, A. la.tliolm ........... * BHEL 7 s a e e el i
15, Annularia laxa....... 40, 8. Harttil. . cooaa voes E
16, Sphenophyllum  anti- 41. Hymenophyllites eurti- |
QUUI ., + e vennnns s * Tobngy, o, St aenws 1
17, Cyclostigma .. ....... 42. H. obtusilobus. .. .... e
18, Arthrostigma.. 43. Alenlwptmsd.tsctepana o
19. Lepidodendron Gai:pn. 44. Pecopteris servulata.. ™
511011 ARy e 4, P. preciost. ...
20. L. corrugatum., . ... ... * 46, Trichomanites., ...... 1 -
21. Lycopud.ltes Matthewi . #0147, Callipteris ... .... - s *
29, T, Richardgoni....... 48, Cardiocarpum ....... [
23, Ptilophyton Vanuxemii 49, C. Crampii. oiveeaue-
24, Lepidophloios antiquus. # | 50, Antholithes ......... .
25. Psilophyton princeps. . 51, Trigonocarpum .. .... ®
96, P. robustius ... ..e0 s
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Of theabove forms, fifty-one in all, found in the Erian
of eastern Ameriea, all, except the last four, are certainly
distinet specific types. Of these only four reappear in the
Carboniferous under identical species, but no less than
twenty-six reappear under representative or allied forms,
some abt least of which a derivationist might claim us
modified descendants. On the other hand, nearly one
half of the Devonian types are unknown in the Carbon-
iferons, while there remain a very large number of Car-
boniferous types not accounted for by anything known in
the Devonian. Further, a very poor flora, including only
two or three types, is the predeceszor of the Erian flora in
the Upper Silurian, and the flora again becomes poor in
the Upper Devonian and Lower Carboniferous. Every
new species discovered must more orless modify the above
statements, and the whole Erian flora of America, as well
as the Carboniferous, requires a thorongh comparison with
that of Europe before general conclusions ean be safely
drawn. In the mean time [ may indicate the direction in
which the facts seem to point by the following general
statements :

1. Some of the forms reckoned as specific in the De-
vonian and Carboniferous may be really derivative races.
There are indications that such races may have originated
in one or more of the following ways : (1) By a natural
tendency in gynthetic types to become specialised in the
direction of one or other of their constituent elements.
In this way such plants as Arihrostigma and Psilophyton
may have assumed new varietal forms. (2) By embry-
onie rotardation or aceeleration,® whereby ecertain species
may have had their maturity advanced or postponed, thus
giving them various grades of perfection in reproduction
and complexity of structure. The fact that so many
Erian and Carboniferous plants seem to be on the con-

# In the manner illustrated by IIyatt and Cope.
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fines of the groups of Acrogens and Gymnosperms may
be supposed favourable to such exchanges. (3) The con-
traction and bresking up of floras, as oceurred in the
Middle Erian and Lower Carboniferous, may have been
eminently favourable to the production of such varictal
forms as would result from what has been called the
“struggle for existence.” (4) The elevation of a great
expanse of new lund at the close of the Middle Erian and
the beginning of the coal period would, by permitting
the extension of species over wide areas and fertile goils,
and by removing the pressure previously existing, be
eminently favourable to the production of new, and es-
pecially of improved, varieties,

2. Whatever importance we may attach to the above
supposed causes of change, we still require to account
for the origin of our specilic types. This may forever
elude our observation, but we may at least hope to ascer-
tain the external conditions favourable to their prodne-
tion. In order to attain even to this it will be necessary
to inquire eritically, with reference to every acknowl-
edged species, what its claims to distinetness are, so that
we may be enabled to distingnish specific types from
mere varicties. Haying atfained to some certainty in
this, we may be prepared to inquire whether the condi-
tions favourable to the appearance of new varieties were
also those favourable to the ercation of new types, or the
reverse—whether these condifions were those of compres-
sion or expansion, or to what extent the appearance of
new types may be independent of any external eondi-
tiong, other than those absolutely necessary for fheir
existence. I am not without hope that the further study
of fossil plants may enable us thus to approach to a com-
prehension of the laws of the creation, as distinguished
from those of the continued existence of gpeeies.

3. In the present state of our knowledge we have no
good ground either to limit the number of specific Lypes

€
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beyond what a fair study of our material may warrant,
or to infer that such primitive types must necessarily
have been of low grade, or that progress in varietal forms
has always been upward. The occurrence of such an
advanced and specialised type as that of Dadoxylon
in the Middle Devonian ghould gnard ms against these
errors. The creative process may have been applicable
to the highest as well as to the lowest forms, and subse-
quent deviations must have included degradation as well
as elevation. I ean conceive nothing more nnreasonable
than the statement sometimes made that it is illogical or
even absurd to suppose that highly organised beings
could have heen produced except by derivation from pre-
viously existing organisms. This is begging the whole
question at issue, depriving science of a noble department,
of inquiry on which it has as yet barely entered, and an-
ticipating by unwarranted assertions conclusions which
may perhaps suddenly dawn upon us through the inspira-
tion of some great intellect, or may for generations to
come baffle the united exertions of all the earnest pro-
moters of natural seience. Our present attitude should
not be that of dogmatists, but that of patient workers
content to labour for a harvest of grand generalisations
which may not come till we have passed away, but which,
if we are earnest and true to Nature and its Creator, may
reward even some of us.

Within the human period great changes of distribu-
tion of plants have oecurred, chiefly through the agency
of man himeelf, and we have had ample evidence that
plants are able to establish themselves and prosper in
climates and conditions to which nunaided they conld not
have transported themselves, as, for instance, in the cuse
of Enropean weeds naturalised in Australia and New Zea-
land. There is, however, no reason to believe that any
specific change has ocenrred to any plant within the Pleis-
tocene or modern period.
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In a recent address, delivered to the biclogical section
of the British Asgociation, Mr. Carruthers has discussed
this question, and has shown that the earliest vegetable
gpecimens deseribed by Dr. Schweinfurth from the Egypt-
ian tombs present no appearance of change. This fact
appears also in the leaves and other organs of plants pre-
served in the nodules in the Pleistocene clays of the Ot-
tawa, and in specimeng of similar age found in various
places in Britain and the continent of Europe.®

The difficulties attending the ordinary theories of
evolution as applied to plants have been well set forth by
the same able botanist in his ““ Presidential Address to
the Geological Association in 1877,” a paper which de-
serves careful study. One of his illustrations is that
ancient willow, Saliz polaris, referred to in a previous
chapter, which now lives in the arctic regions, and is
found fossil in the Pleistocene beds at Cromer and at
Bovey Tracey.

He notes the fact that the genus Saliz is a very varia-
ble one, ineluding 19 subgeneric groups and 160 species,
with no less than 222 varieties and 70 hybrids. Seliz
polaris belongs to 2 subgenerie group containing 29
gpecies, which are arranged in four sections, that to
which 8. polaris belongs containing six species. Now it
is easy to construct a theoretical phylogeny of the deri-
vation of the willows from a supposed ancestral source,
but when we take our little S. polaris we find that this
one twig of our ancestral tree takes us back without
change to the Glacial period. The six speeies would take
us still farther, and the sections, subgenera, and genus
at the same rate would require an incaleulable amount of
past time. He coneludes the inquiry in the following
terms :

* K Proceedings British Asgociation,” 1886, “ Pleistocene Plants of
Canada,” Canadian Naturalist, 1866.
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““But when we have reached the branch representing
the generic form we have made but little progress in the
phylogenesis of Suliz. With Populus this genus forms
a small order, Salicine. The two genera are closely
allied, yet sepurated by well-marked characters; it is
not, however, difficult to conceive of both having sprang
from a generalised form. DBut there is no record of such
a form. The two genera appear together among the
earliest known dicotyledons, the willows being repre-
gented by six and the poplars by nine species. The or-
dinal form, if it ever existed, must necessarily be much
older than the period of the Upper Cretaceous rocks,
that is, than the period to which the carliest known
dicotyledons belong.

““The Salicinew are related to five other natural
orders, in all of which the apetalous flowers are arranged
in catkins. These different though allied orders must
be led up by small medifications to a generalised amen-
tiferous type, and thereafter the various groups of apetal-
ous plants by innumerable eliminations of differentiating
characters until the primitive form of the apetalous plant
is reached. Beyond this the uncurbed imagination will
have more active work in bridging over the gap between
Angiogperms and Giymnosperms, in finding the interme-
diate forms that led up to the vagcular eryptogams, and
on through the cellular plants to the primordial germ.
Every step in this phylogenetic tree must be imagined.
The earliest dicotyledon takes us not a step farther back
in the phylogenetic history of Safiz than that supplied
by existing vegetation. All beyond the testimony of our
living willows is pure imagination, unsupported by a
single fact. So that here, also, the evidence is against
evolution, and there i8 none in favour of it.”

It is easy to see that similar difficulties beset every
attempt to trace the development of plants on the prin-
ciple of slow and gradual evolution, and we are driven
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back on the theory of periods of rapid origin, as we have
already seen suggested by Saporta in the case of the Cre-
taceous dicotyledons. Such abrupt and plentiful intro-
duction of species over large areas at the same time, by
whatever canse effected—and we are at present quite igno-
rant of any secondary causes—becomes in effect something
not unlike the old and familiar idea of creation. Science
must indeed always be baffled by questions of ultimate
arigin, and, however far it may be able to trace the chain
of secondary causation and development, must at length
find itself in the presence of the great Creative Mind,
who 13 ““before all things and in whom all things con-
sigt, ™
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APPENDIX.

L—COMPARATIVE VIEW OF THE SUCCESSIVE PALEO-
ZOIC FLORAS- OF NORTHEASTERN AMERICA AND
GREAT BRITAIN.

Iv eastern Canada there is a very complete series of fossil plants,
extending from the Silurian to the Permian, and infermediate in its
species between the floras of interior America and of Burope. T may
use this snceession, mainly worked out by mysell,* {o summarise the
varions Palwozoie floras and sub-floras, in order to give a condensed
view of Lhis portion of the history of the vegetable kingdom, and to
direet attention to the important faet, too often overlooked, that
there is a definite suceession of fossil plants as well az of animals,
and that this is important as a means of determining geological
horizons. A Brilish lish for comparison has been kindly propared
for me by My, R. Kidston, T. G. 8. Tor lists referring to the west-
ern and southern portions of America, I may refer to the reports of
Lesquersux and Fontaine and White.t

In this conneetion T am reminded, by an excellent Tittle paper of
M. Zeiller, § on Carboniferous plants from the region of the Zambesi,
in Afriea, that the flora which in the Carboniferous period extended
over the temperate portions of the northern hemisphere and far info
the arctie, also passed across the equator and prevailed in the south-
ern hemisphere. OF eleven species brought from the Zamhbesi by M.
Lapierre and examined by M. Zeiller, all were identical with Huro-

* ¢« Aeqdian Geology,” “ Reports on Fossil Plants of Canada,” Geo-
logical Survey of Canada,
{1 “(Geological Surveys of Pennsylvania, Ohio, and Illinois.”

§ Puris, 1883, n
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pean species of the upper coal-formation, and the same fact has been
observed in the coal flora of the Cape Colony.® These facts bear
testimony to the remarkable uniformity of climate and vegetation in
the coal period, and I perfectly agree with Zeiller that they show,
when taken in connection with other parallelisms in fossils, an actual
contemporancousness of the coal flora over the whole world.

1. CirnoxtrEROUS FLORA,
(1) Permo-Carboniferous Sub-Florw:

This oceurs in the upper member of the Carboniferous system of
Nova Scotia and Prince Edward Island, originally named by the
writer the Newer Coal-formation, and more recently the Permo-
Carboniferons, and the upper beds of which may not improbably be
contemporaneous with the Liower Perinian or Lower Dyas of Hurope.
In this formation there iz & predominance of red sandstones and
shales, and it contains no productive beds of coal. Its fossil plants
are Tor the most part of species found in the Middle or Productive
Coal-formation, but are less numerous, and there are a few new forms
aldn to those of the Buropean Permian, The most characteristic
species of the upper portion of the formation, which has the most
decidedly Permian aspect, are the following:

Dadosylon materiarivm, Dawson.

#* Walehin (Aravearites) robusiu, Do

* W, (A graeilis, Do,

* W. embricatila, Dn.

Calwmites Swekovit, Brongt.
¢\ Cistir, Brongt.
* (. gigas, Brongt.
Newropteris rarinereis, Bunbury.
Alethopteris nervosa, Brongt.
Pecopteris arborescens, Brongt,

* P. pigida, Dn,
P. oreopteroides, Brongt.

* Cordaites simplex, Dn,

OI these species, those marked with an asterisk have not yet been
found in the middle or lower members of the Carboniferous system.
They will be found deseribed, and several of them figured, in my
“Report on the Geology of Prince Edward Island.” + The others arve

* (irey, “Journal of the Geological Society,” vol, xxvii.
} 1871 I
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common and widely diffused Carhoniferous species, some of which
have extended to the Permian period in Hurope as well. From the
upper heds, characterised by these and a few other species, there is a
gradual passage downward info the productive coal-measures, and a
gradually increasing number of true coal-formation species,

It is worthy of remark here that the association in the Permo-
Carhoniferous of numerous trunks of Dadozylon with the branches
of Walchia and with fruits of the character of Tvigoncearpa, seems
to show that these were parts of one and the same plant.

This formation represents the Upper Barren Measures of West
Virginia, which arve well deseribed by Fontaine and White,* and the
reasons which these authors adduce for considering the latter equiv-
alent to the European Permian will apply to the more northern and
eastern deposits as well, though these have afforded fewer species of
plants, and are apparently less fully developed,

() Coal-formation Sub-Mlora :

The Middle or Productive Coal-formation, containing all the beds
of corl which are mined in Nova Scotia and Cape Breton, is the head-
quarters of the Carboniferous flora. From this formation 1 have
catalogued ¢ one hundred and thirty-five species of plants: but, as
several of these are founded on imperfect specimens, the number of
actual species may be estimated al one hundred and twenty, Of
these more than one half are species common to Europe and America,
No less than nineteen species are Sigillarie, and about the same
number are Lepidodendra, About fifty are ferns and thirteen are
Calamites, Asterophyllites, and Sphenophylla. The great abundance
and number of species of Sigillarie, Lepidodendra, and ferns are
characteristic of this sub-flora; and ameng the ferns certuin species
of Newropteris, Pecopleris, Alethopteris, and Sphenopteris greatly
preponderate.

These beds are the equivalents of the Middle Coal-measures, or
Productive Coal-measures of Pennsylvania, Ohio, &e., and of the
coal-formation proper of various European countries. Very many
of the speeies are common to Nova Seotia and Pennsylvania; but in
proceeding westward the number of identical species scems to di-
minish.

* % Report on the Permian Flora of Western Virginia and South
Pennsylvania,” 1880.

+ *“Acadian Geology,” and * Report on Flora of Lower Carbonifer-
ous,” 1873,
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(8) The Millstone Grit Sub-Flora :

In this formation the abundance of plﬂ.nts and the number of
speeies are greatly diminished.* Trunks of coniferous trees of the
speeies Dadoxylon Acadianwm, having wide wood-cells with three
or more series of dises and complex medullary rays, become charac-
teristic. Culamiles undulatum is abundant and seems to replace (.
Suckovti, though O, canneformis and . eistit continue. Sigillarie
become very rare, and the species of Lepidadendron are few, and
mostly those with large leaf-bases. Lepidophloios still continues; and
Cordaites abounds in some beds, The ferns arve greafly reduced,
though a few characteristic coal-formation species oceur, and the
genus Cardiopleris appears. Beds of coal ave rare in this formation;
but where they ocenr there is in connection with them a remarkable
anticipation of the rich coal-formation flora, which would thus seem
to have existed loeally in the Millstone Grit period, but to have
found itself limited by generally nnfavorable conditions, In Ameri-
ca, u5 in Europe, it is in the north that this earlier development of
the coal-flora oceurs, while in the south there is a lingering of old
forms in the newer beds. In Newfoundland and Cape Breton, for
instance, as well as in Scotland, productive eoal-beds and a greater
variety of species of plants oecur in this formation.

The following would appear fo be the equivalents of this forma-
tion, in flora and geological position:

1. The Seral Conglomerate of Rogers in Pennsylvania, &e.

2. The Lower Coal-formation Conglomerate and Chester groups
ol Illinois (Worthen).

3. The Lower Carboniferous Sandstone of Kentucky, Alabama,
and Virginia.

4, The Millstone Grit and Yoredale rocks of northern England,
and the Culmiferous of Devonshire,

5. The Moor rock and Lower Coal-measures of Scotland.

6. Flagstones and Lower Shales of the south of Ireland, and Mill-
stone Grit of the north of Ireland.

7. The Jiingste Grauwacke of the Hartz, Saxony, and Silesia.

) The Carboniferous Timestone Serdes :

This affords few fossil plants in eastern America, and in so far as
known they are similar to those of the next group. In Secotland it
is richer in plants, but, aceording to Mr. Kidston, these are largely

* “Report on Fossil Plants of the Lower Carboniferous and Millstone
Grit of Canada,” 1873,
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similar to those of the underlying beds, though with some species
which extend upward into the Millstone Grit. In Seotland the alga
named Spirophyton and Avehaocalamites radiatus—which in Amer-
ica are Erian—appear in this formation.

(%) The Lower Carboniferous Sub-Flora :

This group of plants is best seen in the shales of the Torton
series, under the Liower Carboniferous marine limestones. It is
small and peculiar. The most characteristic species are the follow-
g

aDwdaxyhm (Palwowylon) antiquivs, Dn—A species with large
medullury rays of three or more series of cells.

Lepedodendron corrvgatum, Dn—A species closely allied to Z.
Velthevmimum of Europe, and which is its American representative.
This is perhaps the most characteristic plant of the formation. 1t
is very abundant, and presents very prolean appearances, in ifs okl
stems, branches, twigs, and Knorrie forms. It had well-character-
ised stigmaria, roots, and constitutes the oldest erect forest known in
Nova Scotia,

Lepidadendron felragonwm, Sternberg.

L. obovatwm, Sternhb,

L, acwleatum, Sternb.

L. dichotonnm, Sternh,

The four species last mentioned are comparatively rare, and the
gpecimens are usually too imperfect to render their identification
eertain, but Lepidodendra are especially characteristic trees of this
horizon.

Cyelopteris (Aneimiles) Aeadice, Dn.—A very characteristic fern,
allied in the form of its fronds to C. fenuifolic of Goeppert, to C.
nries of Bickiwald, and to Adéantites andiquus of Star, Its fruetifi-
ention, however, is nearer to that of Anetmic than to that of Adi-
antumn,

Perns of the geners Curdiopierts and Hymenophyllites also ocenr,
though rarely.

Ptilophyton plwmula, Dn—This is the latest appenarance of this
Erian genus, which also oceurs in the Tower Carboniferous of Eu-
rope and of the United States.

Clordaites borassifolin, Brongt,

On the whole, this small flova is markedly distinet from that of
the Millstone Grit and true coal-formation, from which it is sepa-
rated by the great length of time required for the deposition of the
marine limestones and their assoeiated beds, in which no land-plants
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have been found ; ner is this gap filled up by the conglomerates and
coarse arenaceous beds which, as I have explained in © Acadian Ge-
ology,” in some localities take the place of the limestones, as they do
also in the Appalachian region farther south.

The palwohotanical and strategraphical equivalents of this series
abroad would seem fo be the following :

. The Vespertine group of Rogers in Pennsylvania,

. The Kinderhook group of Worthen in Hlinois,

. The Marshall group of Winchell in Michigan,

- The Waverley sandstone (in part) of Ohio.

. The Lower or False Coal-measures of Virginia,

. The Caleiferous sandstones of MeLiaren, or Tweedian group of
Tate in Scotland.

7. The Lower Carboniferous slate and Coomhala grits of Jukes
in Ireland.

8. The Culm and Culin Grauwacke of Germany.

9. The Graywacke or Lower Coal-meusures of the Vosges, as de-
seribed by Schimper.

10. The Older Coal-formation of the Ural, as deseribed by Bich-
wald.

11. The so-called “ Ursa Stage ? of Meer inclides this, buf he has
united it with Devonian beds, so that the name cannot he used ex-
cepl for the local development of these beds af Bear Island, Spitz-
bergen,  The Carboniferous plants of arctic America, Melville Tsl-
and, &c., as well as those of Spitzbergen, appear all to be Tower
Carboniferous.*

=L SV

All of the above groups of rocks are characterised by the preva-
lence of Lepidodendra of the type of L. corrugatum, L, Veltheimio-
niem, and L, Glineanum ; pines of the sub-genus Pitus of Witham,
Palworylon of Brongniart, and peculiar ferns of the genera (-
clopteris, Cardiopteris, Triphyllopteris, and Sphenopteris, In all the
regions above referred to they form the natural base of the great
Carboniferous system.

In Virginia, according to Fontaine and White, types, such as
Arehmaplerss, which in the north are Upper Erian, occur in this
group, Unless there have been some errors in fixing the lower limit
of the Vespertine, this would indicate a longer continuanes of old
forms in the south.

* % Naotes on Geological Map of the Northern Portion of the Dominion
of Canada,” by Dr. G, AL Dawson, 1887,
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2. Eriaxy Frora.
(1y Upper Erian Sub-Flora :

This corresponds to the Catskill and Chemung of the New York
series, and to the Upper Devonian of Europe.

The flora of this formation, which consists mostly of sandstones,
is not rich. Its most distinetive species on both sides of the Atlantic
seem to be the ferns of the genus Archeeopteris, along with species
referred to the genus Cyclopferis, but which, in so far as their barren
fronds are concerned, for the most parl resemble Arefieopierds.

The characteristic American species arve Archeopteris Jacksont,
A. Rogersi, and A. Gaspiensis.  Cyelopteris obluse and C. (Platy-
phyitum) Brownii are also very characteristic species, In Europe,
Aveheopteris Hiberndea 1s a prevalent species.

Leptophiewm rhombicvm and fragments of Psiloplyton are also
found in the Upper Erian. There is evidence of the existence of
vast numbers of Bhizocarps in this period, in the deposits of spore-
cases (Sporangites Huronensts) in the shales of Kettle Point, Lake
Huron; and in deposits of similar character in Ohio and elsewhere
in'the West.

The Upper Erian flora is thus very distinet from that of the
Lower Carbonilerous, and the unconformable relation of the beds in
the Northeast may perhaps indicate a considerable lapse of time.
Still, even in localities where there appears to be a transition from
the Oarboniferons into the Devonian, as in the Western States and
in Ireland, the characteristic flora of each formation may be distin-
guished, though, as already stated, there is apparently some mixture
in the South.

(2) Middle Brion Sul-Flora :

Both in Qanada and the United States that part of the great
Erian system which may be regarded as its middle division, the
Hamilton and Marcellug shales of New York, the Cordaites shales of
St. John, New Brunswick, and the middle shales and sandstones of
the Gaspé series, presents conditions more favourable to the abundant
growth of Iand-plants than either the upper or lower member. In
the St. John beds, in particular, there is a rich fern flora, comparable
with that of the coal-formation, and numerous stipes of ferns and
trunks of tree-ferng have been found in the Mamillon and Cornifer-
ous geries in the West, as well as trunks of Dadoxylon. 1t is, how-
ever, distinguished by a prevalence of small and delieate speeies, and
by such forms as Hymenophyllites and the smaller Sphenopterids,
and also by some peculiar ferns, as Archeopteris and Megalopteris.
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In addition to ferns, it has small Lepidodendra, of which L. Gaspi-
anum is the chiel, Colamites oceur, Arehwovalunites radiafus being
the dominant species. This plant, which in Europe appears to reach
up into the Lower Carboniferous, is so far strictly Erian in north-
east America. Sigillariw scarcely appear, but Cordadfes is abun-
danf, and the earliest known species of Dadowylon appear, while the
Psilophyton, so charaeteristic of the Lower Erian, still continues,
and the remarkable aquatic plants of the genus Plilophyion are
locally abundant.

(8) Lower Erian Sub-Flore :

This belongs to the Lower Devonian sandstones and shales, and
is best seen in that formation at Gaspé and the Bay des Chaleurs, It
is equivalent to the Oriskany sundstone, so far as its animal fossils
and mineral character ave concerned. It is characterised by the ab-
sence of true ferns, Calamites and Sigillarie, and by the presence
of such forms as Psilophylon, Avthrostigma, Leptophieum, and Ne-
matophyton. Lepidodendron. Gasplanwm and Leptophleum alveady
oceur, though not nearly so abundant as Pailophyion.

The Lower Erian plants have an anfique and generalised aspect
which would lead us to infer that they are near the beginning of the
land-flora, or perhaps in part belong to the close of an earlier flora
still in great part unlmown; and few indications of land-plants have
been found earlier,

At Campbellton and Seaumense Bay, on the Bay des Chaleurs,
fossil fishes of genera characteristic of the Lower and Upper De-
vonian horizons respectively, oceur in association with fossil plants
of these horizons, and have been deseribed by Mr. Whiteaves.®

It is interesting to note that, ns Fontaine and White have oh-
served, cerfain forms which ave Erian in the northeast are found in
the Liower members of the Carboniferous in West Virginia, indicat-
ing the southward march of species in these periods.

3. Tan SILURIAN FLORA AND srivn BARLIER INDICATIONS OF
Prants.

In the upper beds of the Silurian, those of the Helderberg series,
we still find Psilophyton and Nemaloplylon ; but below these we
know no land-plants in Canada, In the United States, Lesquereux
and Claypole have described remains which may indicate the exist-
ence of lycopodiaceous and annulavian types as far back as the be-

# “ Transactions of the Royal Society of Canada,”
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ginning of the Upper Silurian, or even as low as the Hudson River
group, and Hicks has found Nemalophylon and Psilophyton in beds
about as old in Wales, along with the uncertain stems named Bey-
wynig, In the Lower Silurian the Profannuloria of the Skiddaw
geries in England may represent a land-plant, but this is uncertain,
and no similar species has been found in Canada.

The Cambrian rocks arve so far barren of land-plants; the so-
called Fophylon being evidently nothing bub markings, probahly
produced by erustaceans and other aquatic animals. In the still
older Tauréntian the abundant beds of graphite probably indicute
the existenee of plants, but whether aguatic or terrestrial it is impos-
sihle to decide at present.

Tt would thus appear that our certain knowledge of land-vegeta-
tion begins with the Upper Silurian or the Silurio-Cambrian, and
that its earliest forms were Acrogens allied to Liyeopoeds, and proto-
typal trees, forerunners of the Acrogens or the gymnosperms. In
the Lower Devonian little advance is made. Tn the Middle Deveonian
this meagre flora had been replaced by one rivalling that of the Car-
boniferous, and including pines; tree-ferns, and arboreal forms of
Lycopods and of equisetnceous plants, as well as numerous herba-
ceous plants. At the close of the TWrian the flora again became
meagre, and continued so in the Lower Carboniferous, It again be-
came rieh and varied in the Middle Carboniferous, to deeay in the
succeeding Permian,

IL—OEER'S LATEST RESULTS IN THE GREENLAND
FLORA.

A very valuable report of Prof. Steenstrup, published in Copen-
hagen in 1883, the year in which Heer disd, contains the results of
his last work on the Greenland plants, and is so important that a
summary of its contents will be interesting to all students of fossil
hotany or of the vicissitudes of climate which the earth hasunder-
gone.®

The plant-bearing beds of Greenland are as follows, in ascending
aorier:

1. CrETACEOUS.

1. The Komé series, of black shales resling on the Laurentian

gneiss. These beds are found at vavious other localities, but the

# Meddelelser om Gronland, Hefte V., Copenhagen, 1883,
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name ahove given is that by which they are generally knc vn.  Their
flora is limited to ferns, eyeads, conifers, and a few endogens, with
only LPopulus primeeva to represent the dicotyledons. These beds
are regarded as Lower Cretaceous (Urgonian), but the animal fossils
would scem to give them a rather higher position. They may be
regarded as equivalent fo the Kootanie aud Queen Charlotte beds in
Canada, and the Potomae series in Virginia.

2. The Afané series. These also are black shales with davk-
coloured saudstones. They are best exposed at Upernavik and
Waigat. Here dicotyledonous leaves shound, amounting to ninety
species, or more than half the whole number of species found.
The fossil plants resemble those of the Dakota series of the United
States and the Dunvegan series of Canada, and the animal fossils
indicate the horizon of the Fort Pierre or its lower part, They may
be regarded as representing the lower part of the Upper Crotaceous.
The genera Popuius, Myrica, Quercus, Ficus, Platanus, Sussa fros,
Lawrus, Magnolia, und Liriodendron arve among those represented
in these beds, and the peculiar genera Macclintockin and Credneria
are characteristic. The genus Pinus is represented by five species,
Sequoia by five, and Salisburia by two, with three of the allied
genus Bazere. There are many ferns and eyeads,

3. The Patfool series. These are yellow and red shales, which
seem to owe their colour to the sponfaneons eombustion of pyritous
lignite, in the manner observed on the South Stskatchewan and (he
Mackenzie rivers. Their age is probably about that of the Fox-Hill
group or Senonian, and the Upper Cretaceous of Vancouver Island,
and they afford a large proportion of dicotyledonous leaves. The
genera of dieotyledons are not dissimilar from those of Atané, but
we now recognise Belula and Alwus, Comptonie, Planera, Sapo-
tavites, Frazinus, Viburwem, Cornus, Acer, Celastrus, Paliurus,
Ceanolhus, Zizyphus, and Crategus as new genera of modern aspect.

On the whole there have been found in all these beds 335 species,
helonging to 60 families, of which 36 are dicotyledonous, and repre-
senf all the leading types of arborescent dicotyledons of the temper-
ate latitudes. The flora is a warm temperate one, with some re-
markable mixtures of sub-tropical forms, among which perhaps the
most remarkable are Kwmdocarpum veferved to the Pandanew, and
such exogens as Flicus and Cinnamomaon,

2, TERTIARY.
4. The Unarlok series. This is believed to be Eocene. It con-
sists of sandstone, which appears on the shores of Disco Island, and
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possibly at some other places on the coast. The beds rest directly
and apparently conformably on the Upper Cretaceous, and have af-
forded only eleven species of plants. Magnelin is represented by
two species, Laurus hy two, Platanus by two, and one of these said
to be identieal with o species found by Lesquereux in the Laramie,*®
Viburnm, Juglans, Quercus, each by one species; the ubiguitous
Saquoias by 8. Lungsdorgiii. This is pretty clearly a Lower Laramie
flora.

5. The Afanekerdlul: series, consisting of shaly beds, with lime-
stone intercalated between great sheets of basall, much like fhe
Hocene of Antrim and the Hebrides, These beds have yielded 187
species, principally in bands and coneretions of siderite, and often
in a good stale of preservation. They are referred to the Lower
Miogene, but, as explained in the text, the flora is more nearly akin
to that of the Tocene of Europe and the Laramic of America. The
animal fossils are chiefly fresh-water shells. Onoclea sensibilis,
several conifers, as Tawiles Olrihi, Toxodivm distichwm, Glyplosiro-
bus Buropeus, and Seguoie Langsdorfid, and 42 of the dicotyledons
are recognised as found also in American localities. Of these, a
large proportion of the more common species oceur in the Laramie
of the Mpckenzie River and elsewhere in northwest Canada, and in
the western United States. Tt is quite likely also that several spe-
cies regarded as distinet may prove fo he identical,

Tt would seem that thronghent the whole thickness of these
Tertiary beds the flora is similar, so that it is probable it belongs al-
together to the Tocene rather than to the Miccene.

No indication has been observed of any period of cold intervening
between the Lower Cretaceous and the top of fhe Tertiury deposits,
so that, in all the vast period which these {formations represent, the
climate of Greenland wouldl seem to have been temperate. There
i, however, as is the ease farther south, evidence of a aradual dimi-
nution of temperature, In the Lower Crefaceous the probable mean
annual temperature in latitude 71° north is stated as 21° to 22°
centigrade, while in the early Tertiary it is estimated ab 12° eenti-
grade, Such temperabures, ranging from 71° to 58° of Tahrenheit,
represent a marvellously warm climate for so high a latitude. In
point of fact, however, fhe evidence of warm climales in the arctic
regions, in the Paliozoic as well as in the Mesozoic and early Ter-
tiary, should perhaps lead us tocon clude that, relatively to the whole
of geological time, the present arctic elimate is unusually severe, and

* Viburnum marginatun of Lesquercux,
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that a temperate climafe in the arctic regions has throughout geo-
logical time been the rule rafher than the exception,

HIL—MINERALISATION OF FOSSIL PLANTS.

Tow state of preservation of fossil plants has been veferred to
incidentully in several places in the text; but the following more
definite stalements may be of service to the reader.

I. Organic remains imbedded in agueons depesits may aceur in
an unchanged coudition, or only more or less altered by decay. This
is offen the case with such enduring substances as bark and wood,
and even with leaves, which appear as thin carbonaceous films when
the layers containing them are split open. Tn the more recent de-
posits such remains occur liltle modified, or perlaps only slightly
changed by partial decay of their more perishable parts. In the
older formations, however, they are usually found in a more or
less altered condition, in which their original substance has been
wholly or in part changed into coaly, or bituminons, o anthracitic
or graphitic matter, so that leaves are sometimes represented by stains
of graphite, as if drawn on stone with a lead-pencil. Yet even in
this ease some portion of the original substance remains, and without
any introduction of foreign material,

II. On the other hand, such remains are often mineralised by the
filling of their pores or the replacement of {heir tissues with mineral
matter, so that they become hard and stony, and sometimes retain
little or nothing of their original substance. The more importaut
of these changes, in o far as they affect fossil plants, may be ar-
ranged under the following heads:

() Infiltration of mineral matter which has penetrated the pores
of the fossil in a sfate of solution, Thus the pores af fossil woorl
are often filled with caleite, quartz, oxide of iron, or sulphide of iron,
while the woody walls of the cells and vessels remain in a earhonised
state, or converted into coaly matter. When wood is preserved in
this way il has a hard and stony aspect; but we ean sometimes dis-
solve away the mineral matter, and restore the vegetable tissue to a
condition resembling that before mineralisation, This is espeeially
the case when caleite is the mineralising substance. We sometimes
find, on microseopic examination, that even eavities so small as those
of vegotable evlls and vessels have been filled with suceessive eoats
of different kinds of mineral matter.

(&) Organic malters may be entirely repluced by mineral sub-
stances, In this easo the cavities and pores have been first filled,
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and then—the walls or solid parts being removed by decay or solu-

tion—mineral matter, either similar to that filling the cavities, or
differing in colour or composition, has been introduced. Silicified
wood aften oceurs in this condition. In the case of silicified wood,
it sometimes happens that the cavities of the fibers have heen filled
with silica, and the wood has been afterward removed by decay,
leaving the casts of the tubular fibers as a loose filamentous sub-
stance. Some of the Tertiary conilerous woods of California are in
this state, and look like asbestus, though they show the minute
markings of the tissue under the microscope. In the case of silicified
or agatized waods, it would seem thak the production of carbon di-
axide from the decaying wood has eaused the deposition of silica in
its place, from alkaline solutions of thab substance, and thus the
earbon has been replaced, atom by atom, by silicon, until the whole
mass has been silicified, yet retaining perfectly its structure,

(¢) The cavities left by fossils which have decayed may be filled
with clay, sand, or other foreign matter, and this, becoming subse-
quently hardened into stone, may constifule a cast of the fossils,
Trunks of trees, roots, &e., are often preserved in this way, appearing
as stony casls, often with the ouler bark of the plant forming a car-
honaeeous coating on their smfaces. In connection with this state
may be mentioned that in which, the wood haying decayed, an entire
trunk has been flattened so as to appear merely as a compressed film
of bark, yet tetaining its markings; and that in which the whaole of
the vegetable matter having been removed, a mere impression of
the form remains,

Toseils preserved in either of the modes, (2) ov {4), usually show
more or less of their minute structures under the micrescope. These
may be observed :—(1) By breaking oft small splinters or flakes and
exumining them, either as opague or as transparent objects. (2) By
treating the material with acids, o as to dissolve out the mineral
matbers, or portions of them. This method is especially applicable
to fossil woods mineralised with caleite or pyrite. (3) By grinding
thin sections. These are first polished on one face ou a coarse stone
ar emery hone, and then on o/ fins hone, then attached by the polished
face to glass slips with a transparent ecmenl or Canada balsam, and
gl'l)‘l.'lﬂd on the opposite face wmtil they become so thin as to be trans-
lueent, In most cities there are lapidarvies who prepare slices of this
kind; but the amateur can readily aequire the art by a little prac-
tice, and the mecessary applinnces ean be obtained through dealers
in minerals or in microscopic materinle. Very convenient culbing
and polishing machines, some of them quite small and portable, are
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now made for the use of amateurs. In the case of exogenous woods,
three seclions are necessary to exhibit the whole of the structures,
One of these should be transverse and two longitudinal, the latter in
radial and tangential planes,

IV.—GENERAL WORKS ON PAL/EOBOTANY.

I the text frequent reference has been made to special memoirs
and reports on the fossil plants of particular regions or formations,
There are, however, some general books, useful to students, which
may be mentioned here. Perhaps the most important is Schimper’s
“Traité de Paléontologie Végétale” Very useful information is
also contained in Renault’s “ Cours de Botanique Fossile,” and in
Balfour’s * Introduction to Palmontological DBotany,” and Nichol-
son’s “ Palwontology.” Unger's * (Renera et Species,” Brongniart’s
“ HMistoire des Végétuux Fossiles,” and Lindley and Hutton's “ Fossil

Flora,” are older though very valuable works, Willinmson's “ Me-

moirs,” in the © Philosophical Transactions,” have greatly advanced

our knowledge of the structures of Palwozoic plants. Lastly, the
| * Palmophytology * of Schenk, now in course of publication in Ger-
,‘ man and French, in connection with Zittel’s « Palontology,” is an
| important addition to manuals of the subject.

_— e i L
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FJENKLINS, Rev, Canon K. C—Heraldry : En glish and Fore'%gn.

With a Dictionary of Heraldic Terms and 156 Illustrations.
Small crown 8vo, 3¢ 6d.

The Story of the Caralffa; the Ponlificale of Paul IV,
Small crown 8vo, 3s. 6.

JO£L, L.—A Consul's Manual and Shipowner’s and Ship-
master’s Practical Guide in their Transactions
Abroad. With Definitions of Nautical, Mercantile, and Legal
Terms ; a Glossary of Mercantile Terms in English, French,
German, Italian, and Spanish; Tables of the Money, Weights,
and Measures of the Principal Commercial Nations and their
Equivalents in British Standards; and Forms of Consular and
Notarial Acts, Demy 8vo, 125,

JOHANSTON, H. H, F.ZS—The Kilima-njaro Expedition.
A Record of Scientific Exploration in Eastern Equatorial Africa,
and a General Description of the Natural Ilistory, Languages,
and Commerce of the Kilima-njaro District. With 6 Maps, and
over 8o Tllustrations by the Author. Demy 8vo, 215

JORDAN, Furneanx, F.R.C.S—Anatomy and Physiclogy in
Character, Crown 8vo, gs.

FOYCE, P. W., LL.D, et:.—01d Celtic Romances. Translated
from the Gaelic,  Crown 8vo, 5. 6.
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KAUEMANN, Rev. M., B.A.—Socialism : its Nature, its Dangers,
and its Remedies considered, Crown 8vo, s 64,

Utopias ; or, Schemes of Social Improvement, from Sir Thomas
More to Karl Marz. Crown 8va, 55,

KAY, David, F.R.G.S—Education and Educators. Crown 8vo.
7. O,
KA Y, Yoseph,—Free Trade in Land. Edited by his Widow. With
Preface by the Right Hon. Jomn Bricur, M.P. Seventh
Edition, Crown 8vo, 5%
* % Also a cheaper edition, without the Appendix, bul with 2 Review
of Recent Changes in the Land Laws of England, by the RicuT
Hon. G. OsporNE MoreaN, Q.C., M.P. Cloth, 15 6d. ; paper
COVELS, IS,
KELKE, W. H. H—An Epitome of English Grammar for
the Use of Students. Adapted to the London Matriculation
Course and Similar Examinations. Crown 8vo, 4s5. 64,
KEMPIS, Thomas &.—0Of the Imitation of Christ. Parchment
Library Edition.—Parchment or cloth, 6s. 5 vellum, 7r, 64, The
Red Line Edition, feap. 8vo, cloth extra, 25. 64, ‘The Cabinet
Edition, small 8vo, cloth limp, Is. ; cloth boards, 15 64, The
Miniature Edition, cleth limp, 32mo, 1s.
%% All the ahove Editions may be had in various extra bindings.
Notes of a Visit to the Scenes in which his Life was
spent. With numerous Illustrations, By F. R. CRUISE, M.D.
Demy 8vo, 125
KETTLEWRELL, Rev. S.—Thomas & Kempis and the Brothers
of Common Life. With Portrait, Second Edition. Crown
8vo, vs. 6d.

KIDD, Foseph, M.D.~—The Laws of Therapeutics; or, the Science
and Art of Medicine. Seccond Edition. Crown 8vo, 65
KINGSFORD, Anne, M.P.—The Perfect Way in Diet. A

Treatise advotating a Return to the Natural and Ancient Food of
our Race. Third Edition. Small crown 8vo, 25
KINGSLEY, Charls, M. 4.—Letters and Memories of his Life.
Edited by his Wife. With two Steel Engraved Portraits, and
Vignettes on Wood, Sizteenth Cabinet Edition. 2 vols. Crown
dvo, 128,
® % Also a People’s Edition, in one volume, With Portrait. Crown
8vo, 6.

All Saints’ Day, and other Sermons. Edited by the Rev. W.
Harrison, Third Edition. Crown 8vo, 7s. 6d.
True Words for Brave Men. A Book for Soldiers’ and
Sailors’ Libraries. Sixteenth Thousand, Crown 8vo, 2s, 64,
KNOX, Alexander 4, —The New Playground ; or, Wanderings in
Algeria. New and Cheaper Edition, Large crown Svo, 6s.
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Kosmos; or, the ITope of the World. 35 Gd.

Land Concentration and Irresponsibility of Political Power,
as causing the Anomaly of a Widespread State of Want by the
Side of the Vast Supplies of Nature, Crown Svo, 55

LANDOXN, Foseph—School Management ; Including n General View
of the Work of Education, Organization, and Discipline. Sixth
Edition. Crown 8vo, Gr,

LAURIE, 5. 5—The Rise and Early Constitution of Univer-
sities. With a Survey of Medizval Education, Crown 8vo, 6y,

LEE, Kev. F. G., D.C.L.—The Other World : or, Glimpses of the
Supernatural. 2 vols. A New Edition, Crown 8vo, 135

LEFEVRE, Right Hon, G, Skaw.~Pesl and O’Connell. Demy
8vo, 105, 64,

Letters from an Unknown Friend, By the Author of “ Chatles
Lowder.” With a Preface by the Rev, W. H. CLEAVER. Feap,
Svo, 15

Life of a Prig. By One. Third Edition. Feap, 8vo, 3r. 64,

LILLTE, Arikuy, M R.A.5—The Popular Life of Buddha.
Containing an Answer to/the Hibbert Lectures of 1881, With
Mlustrations. Crown 8vo, 65

Buddhism in Christendom ; or, Jesus the Essene. With
IMustrations, Demy 8vo, 155

LONGFELLOW, H. Wadaworth.—Life. By his Brother, Samuen
LowareLLow. With Portraits and Mustrations, 3 vols, Demy
8vo, 424,
LONSDALE, Marparet.—Sister Dora : a Biography. With Portrait,
Tweniy-ninth Edition, Small crown 8vo, 2. 6.
George Eliot: Thoughts upon her Life, her Books, and
Herself. Second Edition. Small crown 8vo, 15 04,

LOUNSEURY, Thomas R—James Fenimore Cooper. With
Portrait. Crown 8vo, zs.
LOWDER, Charls.—A Biography. By the Auflior of < St Teresa,”
Twelfth Edition. Crown8va. With Partrait, 3% 6.
LUCKES, Eva C. E.—Lectures on General Nursing, delivered to
the Probationers of the London Hospital Training School for
Nurses. Seccond Edition. Crown 8va, 2s. 64,

LYALL, William Rowe, D, D.—Propzdeia Prophetica ; or, The
Use and Design of the Old Testament Examined, New Edition,
With Notices by GEoRGE C, Prarson, M.A., Hon, Canon of
Canterbury, Demy 8vo, 105, 64.

LYTTON, Edward Bulwer, Lord—Life, Letters and Literary
Remains, By Lis Son, the Eart, or LytroNn. With Portraits,
1Mustrations and Facsimiles.  Demy 8vo, Vals, I, and IT., 325
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MACAULA Y, G. C.—Franeis Beaumont : A Critical Study. Crewn
Svo, 5s.
MACHIAVELLLI, Niccold.— Life and Times. By Prof. VILLARL
Translated by Linpa VILLARI. 4 vols. Large post 8vo, 48s.
Discourses on the First Decade of Titus Livins, Trans-
lated from the Ttalian by Ninran Hirn Tromsox, M.A. Large
crown 8vo, 124
The Prince. Translated from the Tialian by N, H. T. Small
ctown Svo, printed on hand-made paper, bevelled boards, 6s.
MACNEILL, ¥ G. Swift—How the Union was carried.
Crown 8vo, cloth, 1s. 64, ; paper covers, Ir.
MAGCNUS, Lady.—About the Jews since Bible Times. From tlie
Babylonian Exile till the English Exodus. Smiall crown Svo, bs.

MAGUIRE, Thomas,—Lectures on Philosophy. Demy 8vo, o9s.

Many Voises. A velume of Extracts from the Religious Writers of
Christendom from the First to the Sixteenth Century, With
Biographical Sketches. Crown 8vo, cloth extra, red edges, 6r.

MARKITAM, Capt, Albert Hastings, R.N.—The Great Frozen Sea :
A Personal Narrative of the Voyage of the A/## during the Arctic
Expedition of 1875-6. With & full-page Illustrations, 2 Maps,
and 27 Woodcuts,  Sixth and Cheaper Edition. Crown 8vo, 6s.

MARTINEAU, Gertrude.—Ouiline Lessons on Morals. Small
crown 8vo, 3. 0d.

AMASON, Charlotte M.—Home Education ; a Course of Lectures to
Ladies. Crown 8vo, 35 64.

Matter and Energy: An Examination of the Fundamental Concep-
ceptions of Physical Force. By B. L. L. Small crown 8vo, 2s.

MAUDSLEY, H., M.D.—Body and Will. Being an Essay con-
cerning Will, in its Metaphysical, Physiological, and Pathological
Aspects. 8vo, 125

Natural Causes and Supernatural Seemings. Secoud

Edition. Crown 8vo, 64,

MeGRATH, Terence.—Pictures from Ireland. New and Cheaper
Edition. Crown 8vo, 25

MEREDITH, M.4.—Theotokos, the Example for Woman.

Dedicated, by permission, to Lady Agnes Wood. Revised by
the Venerable Archdeacon DENISON, 32mo, limp cloth, 15, 64.

MILLER, Edward—The History and Doctrines of Irvingism ;
or, The so-called Catholic and Apostclic Church, 2vols. Large
post 8vo, 155

The Church in Relation to the State. Large crown 8va, 4.
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MILLS, Herbert,—Poverty and the State ; or, Work for the Un-
employed. An Inquiry into the Causes and Extent of Enforced
Idleness, with a Statement of a Remedy. Crown 8vo, 65

MITCHELL, Lucy M—A History of Ancient Sculpture. With
numerous Ilustrations, including 6 Plates in Phototype. Super-
royal 8vo, 425,

MOCKLER, E.—A Gramamar of the Baloochee Language, as
it is spoken in Makran (Ancient Gedrosia), in the Persia-Arabic
and Roman characters, Feap, 8vo, s

MOHL, Fulivs and Mary.—Letters and Recollections of. By
gi. C. M. Smrsoxn. With Portraits and Two Illustrations. Demy

VO, 155,

MOLESWORTH, Rey. W. Nassau, M. 4.—History of the Church
of England from 1660. Large crown 8vo, 7s. 6d.
MORELL, 7. R—Euclid Simplifled in Method and Language.
Being a Manual of Geometry. Compiled from (he most important
French Works, approved hy the University of Paris and the

Minister of Public Instruction. Feap. 8vo, 25. 64

MORGAN, C. Llipyd—The Springs of Conduct. An Essay in
Evolution. Large crown 8vo, cloth, 7s. 64.

MORISON, 7. Cotter.—The Service of Man : an Essay towards the
Religion of the Future, Second Edition. Demy 8vo, 105 6.

MORSE, £, 8., PhD.—First Book of Zoology. With numerous
Ilustrations, New and Cheaper Edition. Crown 8vo, 25, 6d.

My Lawyer : A Concise Abridgment of the Laws of England. Bya
Barrister-at-Law. Crown 8vo, 6s. 64,

NELSON, 7. H., M.4.—A Prospectus of the Scientiflc Study
of the Hind#d Law. Demy 8ve, 9.

In%ian Usage and Judge-made Law in Madras. Demy
vo, 125

NEWMAN, Cardinal —Characteristics from the Writings of.
Being Selections from his various Works. Arranged with the
Author’s personal Approval. Seventh Edition.. With Dortrait.,
Crown 8vo, G,

** A Portrait of Cardinal Newinan, mounted for framing, can
be had, 2s. 64,
NE WMAN, Francis William.—Essays on Diet. Small crown 8vo,
cloth limp, 25

New Social Teachings. By Porrricus. Small crown 8vo, 55

NICOLS, drthur, F,C.5,; F.R,G.S—Chapters from the Physical
History of the Earth: an Introduction to Geology and
Palzontology. With riumerous Tllustrations. Crown 8va, §s.

NIHILE, Rey. H. D.—The Sisters of St. Mary at the Cross:
Sisters of the Poor and their Work. Crown 8vo, 2 64,

°
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NOEZ, 873%: Hon, Roden,—Essays on Poetry and Poets. Demy
VO, 125,

NOPS, Marianns.—Class Lessons on Euelid. Part I, containing
the First Two Books of the Elements, Crown 8vo, 2v 64,

Nuces: Exercises on tHE SYNTAX OF THE PusnLric ScHoorL LATIN

PriMER. New Edition in Three Parts, Crown 8vo, each 1s.
*&* The Three Parts can also be had bound together, 3s,

OATES, Frank, FR.G.S.—Matabele Land and the Vicioria
Falls. A Naturalist’s Wanderings in the Interior of South
Africa. Xdited by C, G. Oarss, B.A.  With numerous Ilustra-
tions and 4 Maps.” Demy Svo, 215,

O'BRIEN, R, Barry.—Irvish Wrongs and English Remedies,
with other Essays. Crown 8va, 55,

OGLE, Anna C.—A Lost Love., Small crown 8vo, 25, Gd.

OMEARA, Kathlesn.—Eenri Perreyve and his Counsels to
the Sick. Small crown 8yo, &s.

One and a Half in Norway. A Chronicle of Small Beer. By
Either and Both.. Small crown 8vo, 3s. 64,

O'NEIL, the late Rev, Lord.—Sermons. With Memoir and Porfrait,
Crown 8vo, 6.

Essays and Addresses. Crown 8vo, 5s.

OTTLEY, H. Bickersteth.—The Great Dilemma. Christ His Own
Witness or His Own Accuser. Six Lectures, Second Edition.
Crown 8vo, 3v 64,

Our Public Schools—Elon, Harrow, Winchester, Rugby,
Westminster, Marlborough, The Charterhouse.
Crown 8vo, 63,

PADGHAM, Richard—In the Midst of Life we are in Death,
Crown 8vo, 5, h

PALMER, the late William.—Nates of a Visit to Russia in
1840-1841. Selected and arranged by Jory H. CARDINAL
NEWMAN, with Portrait, Crown 8vo, 8. 64,

Early Christian Symbolism. A Series of Compositions from
Fresco Paintings, Glasses, and Sculptured Sarcophagi, Edited
by the Rev. Provost Nortiicors, D.D., and the Rev. Canon
Brownrow, M.A., With Coloured Plates, folio, 42+, or with
Plain Plates, folio, 255

Parchment Library. Choicely Printed on hand-made paper, limp
parchment antigue or cloth, 6y, 3 vellum, 75, 64. each volunie,

The Poetical Works of Yohn Milton. 2 vols.

Chaucer’s Canterbury Tales, Edited by A. W. PoLLARD,
2 vols,
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Parchment Library—coontinued.
Letters and Jdournals of Jonathan Swrift. Selected and
edited, with a Commentary and Notes, by STANLEY LANE POOLE.

De Quincey’s Confessions of an English Opium Eater,
Reprinted from the First Edition. Edited by RICHARD GARNETT.

The Gospel according to Matthew, Mark, and Luke.

Selections from the Prose Writings of Jonathan Swrift.
With a Preface and Notes by STaNLEY LANE-Poore and
Portrait,

English Sacred Lyrics.

Sir Joshua Reynolds’s Discourses. Edited by EnMuno
GOossE.

Selections from Milton’s Prose Writings. Edited by
ErNesT MyYERS.

The Book of Psalms. Translated by the Rev. Canon T. K.
CHEYNE, M.A,, D.D.

The Vicar of Wakefield. With Preface and Notes by Austin
Dosson.

English Comic Dramatists. Edited by OswALD CRAWFURD,

English Lyrics.

The Sonneis of John Milton., Edited by MARK PATTISON,
‘With Portrait aftex Vertue,

French Lyrics. Selected and Annotated by GEORGE SAINTS:
pury. With a Miniature Frontispicce designed and etched by
H. G. Glindoni.

Fables by Mr. John Gay, With Memoir by AusTIN DOBSORN,

and an FEtched Portrait from an unfinished Oil Sketch by Sir
Godfrey Kneller,

Select Letters of Percy Bysshe Shelley. Edited, with an
Introduction, by RICHARD GARNETT,

The Christian Year. Thoughts in Verse for the Sundays and
Holy Days throughout the Year. ‘With Miniature Portrait of the
Rev. J. Keble, alter a Drawing by G. Richmond, R, A,

Shakspere’'s Works. Complete in Twelve Volumes,

Eighteenth Century Essays. Selected and Edited by AusTin
Dogpson, With a Miniature Frontispiece by R, Caldecott.

Q. Horati Flacci Opera, Edited by F. A. CORNISH, Assistant
Master at Eton. With a Frontispiece after a design by L. Alma
Tadema, etched by Leopold Lowenstam,

Edgar Allan Poe's Pq@ms. With an Essay on his Poetry by
ANDREW LANG, and a Frontispiece by Linley Sambourne,
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Parchment Library—centinwed.

Shakspere’s Sonnets. Edited by EnwarDd Dowpen, With a
Frontispiece etched by Leopold Lowenstam, after the Death
Mask.

English Odes. Selected by EpMusp Gosse. With Frontis-
picce on India paper by Hamo Thornycroft, A.R.A,

Of the Imitation of Christ. By Taomas A Kempis, A
revised Translation. With Frontispiece on India paper, from a
Design by W. B. Richmond.

Poems: Selected from Prrcy Byssue Suerpev, Dedicaled to
Lady Shelley. With a Preface by RicHarp GarNwtr and a
Miniature Frontispiece.

PARSLOE, Foseph.—Our Rallways. Sketches, Iistorical and
Descriptive.  With Practical Information as to Fares and Rates,
ete., and a Chapter on Railway Reform., Crown 8vo, 6s.

PASCAL, Blaise.—The Thoughts of. Translated from the Text of
Aunguste Molinier, by C. Krcan Paur. Large crown 8vo, with
Frontispiece, printed on hand-made paper, parchment antique, or
cloth, 125 ; vellum, 155

PAUL; Alexandsr.—Short Parliaments. A History of the National
Demand for frequent General Elections, Small crown Svo, 35. 6d.

PAUL, C. Kegan.—Blographical Sketches., Printed on hand-made
paper, bound in buckram, Second Edition. Crown 8vo, 7s. 6d.

PEARSON, Rev. S—Week~day Living. A Book for Young Men
and Women, Second Edition. Crown 8vo, ss.

PENRICE, Major 7.—Arabic and English Dictionary of the
Koran. 4to, 21s. .
PESCHEL, Dr. Owar.—The Races of Man and their Geo-
graphical Distribution. Second Edition. Large crown

8v0, 05,

PIDGEQN, D.—An Engineer’s Holiday ; on Notes of a Round
Trip from Long. ¢° to ©®% New and Cheaper Edition, Large
crown 8vo, 75, 6d.

Old World Questions and New World Answers. Second
Edition. Large crown 8vo, 7. 64,

Plain Thoughts for Men. Eight Lectures delivered at Forester's
Hall, Clerkenwell, during the London Mission, 1884, Crown
8vo, cloth, 1s. 64'; paper covers, 1s,

PRICE, Prof. Bonawmy. — Chapters on Practical Political
Economy. Being the Substance of Lectures delivered before
the Uniyersily of Oxford. New and Cheaper Edition. Crown
8vo, 5.

Prig's Bede; the Venerable Bede, Expurgated, Expounded, and Ex-
posed. By The Prig. ‘Second Edition. Feap. 8vo, 30 64,
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Pulpit Commentary, The. (0/F Testanent Series.) Ddited by the

Rev. J. 8. EXprr, M.A., and the Very Rev. Dean H. D. M.
Seence, M.A., D.D.

Genesis. By the Rev, T. Wrrreraw, D.I. 'With Homilies by
the Very Rev, J. ¥, Moxtcomery, D.D., Rev. Prof. R, A,
Reprorp, M.A., LL.B., Rev. F. HasrtinGgs, Rev., W,
RopeERTS, M.A. An Introduction to the Study of the Old
Testament by the Venerable Arvchdeacon Farrar, D.D,, F.R.S.;
and Introductions to the Pentateuch by the Right Rey. H. Cor-
TERILL, D.D., and Rev. T. WaiteLaw, M.A. Eighth Editien.
1 vol., 15y,

Exodus. By the Rev. Canon Rawrinson. With Homilies by
Rev. J. Org, Rev. D. Young, B.A.,, Rev. C. A. GOODHART,
Rev. J. Urguuart, and the Rev. H. T. Ropjorys. Fourth
Edition, 2 wols., 185

Leviticus. By the Rev, Prebendary Mevrick, M.A, With
Introductions by the Rev. R. CoLrins, Rev. Professor A. CAVE,
and Homilies by Rev. FProf. ReEprorn, LL.B., Rev. J. A.
MacpoNALD, Rev. W. Crarkson, B.A., Rev. S. R, Atpripgr,
LL.B,, and Rev. McCHEYRE Epcar, Fouwrth Edition. 158,

Numbers. By the Rev. R, WiINTERBOoTHAM, LL.B. With
Ilomilies by the Rev, Professor W. Binnig, D.D,, Rev. E. S.
Prout, M.A., Rev. D. Young, Rev. J. WAITE, and an Intro-
duction by the Rev. THoMAs Wiirteraw, M.A, Fifth
Edition. 135w

Deuteronomy. By the Rev. W. L. ALexanper, D.D.  With
Homilies by Rev. C, CLEMANCE, D.D., Rev, J. Orr, B.D,,
Rev. R. M. Epcar, M.A,, Rev. D. Davigs, M.A, Fourth
edition. 158

Joshua. By Rew. J. J. Lias, M.A. With Homilies by Rev.
S. R. Acpripeg, 1L.B, Rev. K. Grover, Rev. E, pg
PresseNnsg, D.D)., Rev. J. WarTe, B.A., Rev. W. I, ADENEY,
M. A, ; and an Introduction by the Rev. A. PLummEer, M.A.
Fifth Edition, 125 6d.

Judges and Ruth, By the Bishop of BarH and WELLS, and
Rev. J. Morison, D.D. With Homilies by Rev. A. T. Muig,
M.A., Rev. W. F. ADENEY, M.A., Rev. W. M. STATHAM, and
Rev. Professor J, TrHoMsoN, M.A.~ Fifth Edition. 10v. 64,

1 Samuel. By the Very Rev, R, P. Symrre, DD, With Homilies
by Rev. DoNALD Fraser, D.D., Rev. Prof. CHAPMAN, and
Rev. B, DALE.  Sixth Edition. 155,

1 Kings. By the Rev, Josern Hammonp, LL.B. With Homilies
by the Rev. E. DE Pressinsg, D.D., Rev. J. Warre, B.A.,
Rev, A. RowrLany, LL.B., Rev. J. A. MacpoNaL, and Rev,
J. Urguuart.  TFifth Edition. 155
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Pulpit Commentary, The—otinwed,
1 Chronicles. By the Rev. Prof. P. C. BARKER, M.A., LL.B.
With Homilies by Rev. Prof, J. R. T HOMSON, M, A., Rey. R.
Tuck, B.A., Rev. W. CLARKSON, B.A., Rev, F. WHITFIELD,
M.A., and Rev. RICHARD GLOVER. 1 55,

Ezra, Nehemiah, and Esther. By Rev. Canon G. RAWLINSON,
M.A. With Homilies by Rev. Prof. J. R. THOMSOXN, M.A,, Rev,
Prof, R. A. RenForp, LL.B., M.A., Rev. W. S. Luwis, M.A,,
Rev, T. A. MACDONALD, Rev. A. MACKENNAL, B.A., Rev. W,
CrArKsON, B.A., Rev. F, HASTINGS, Rev. W. DINWIDDIE,
LL.B., Rev. Prof, Rowranps, B.A., Rev. G. Woop, B.A.,
Rev. Prof. P. C. BARKER, M.A., LL,B., and the Rey. J= 5
Exery, M.A. Sixth Edition. 1 vol., 125, 64.

Isaiah. By the Rev, Canon G, Rawrinsow, M.A. With Homilies
by Rev. Prof. E. Jounson, M.A., Rev, W. CrLARKsON, B.A.,
Rev. W, M. StaTHam, and Rev. R. Tuck, B.A, Second
Edition. 2 vols., 155 each.

Jeremiah. (Vol. 1) By the Rav. Canon T, K. CHEYNE, M.A,,
D.D. With Iomilies by the Rev. W, F, ADENEY, M.A., Rev.
A. F. Murr, M.A., Rey. S. Conway, B.A., Rev. J. Warre,
B.A., and Rev, D, Youne, B.A. Third Edition, I5¢.

Jeremiah (Vol. 11.) and Lamentations. By Rev, T. K,
CHEYNE, M.A, With Homilies by Rev. Prof, J. R. THoMson,
M.A., Rev. W. T. ApENEy, M.A., Rev. A. F, Muiz, M.A.,
Rev. 5. Conway, B.A., Rev. D. Youxe, B.A. 155

Hosea and Joel, By the Rev, Prof. J. J. GIveN, Ph.D., D.D,
With Homilies by the Rev. Prof, J. R. THomzoN, M.A., Rev.
A. Rowranp, B.A., LL.B., Rev. C. Jerpaw, M.A,, LL.B,
Rev. J. Orr, M.A., B.D., and Rev. D, TroMmas, D.D, 135

Pulpit Commentary, The. (New Zestanent Series.)
St. Mark. By Very Rev. E. BICKERSTETH, D.D)., Dean of Lich-
field, With Homilies by Rev. Prof. THoMSON, M.A., Rey. Prof.
J. J- Givex, Ph.D., D.D., Rev. Prof. Jonwson, M.A., Rev. A,
RowrLAND, B.A,, LL.B., Rev, A. M UIR, and Rev. R. GREEN.
Fifth Edition. 2 vols., 215,

The Acts of the Apostles. By the Bishop of BaTm and WrrLs,
With Homilies by Rev, Prof. P, . BARKER, M.A., LL.B., Rev.
Prof. E. Joanson, M.A,, Rev. Prof. R. A. Reprorp, LI.B.,
Rev. R, Tuck, B.A., Rev. W, CLARKSON, B.A, Third Edition.
2 yols,, 21s.

1 Corinthians. By the Ven. Archdeacon FARRAR, D.D. With
Homilies by Rev. Ex-Chancellor Lipscoms, LL.D., Rev.
Davip THoMAs, D.D., Rev. D. FrAsEr, D.D., Rev. Prof.
J. R. THoMsoN, M.A., Rev. J. WAITE, B.A, Rev, R. Tuek,
B.A,, Rev. E. HURNDALL, M.A., and Rev. H. BREMNER, B.D,
Third Edition. 154,
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Pulpit Commentary, The—continued.

2 Corinthians and Galatians. By the Ven. Archdeacon
FaArrARr, D.D,, and Rev. Prebendary E. HuxTAnLE. With
ITomilies by Rev. Ex-Chancellor Lirscoms, LL.D., Rev, Davip
TroMAS, D.D., Rev. DoNvarp Fraser, DI, Rev. R. Tuck,
B.A., Rev. E, HurNpaLr, M.A., Rev. Prof. J. R. THOMSON,
M.A., Rev. R. Fixvravson, B.A, Rev, W. F. Apeney, M.A,,
Rev. R, M. Epcagr, M.A., and Rev. T. CROSKERY, D.D. 2Is.

Ephesians, Philippians, and Colossians. By the Rev. Prof.
W. G. Braikir, D,D., Rev. B. C. Cagrin, M.A., and Rev. G.
G. Finpray, B.A,  With Homilies by Rev. D. THomas, D.TD.,
Rev. R, M. EpcaAr, M.A., Rev. R. Finravson, B.A,, Rev,
W. F. ApeNEy, M.A., Rev. Prof. T\ Crosgery, D.D., Rev,
E. 5. Prour, M.A.; Rev. Canon VerwonN [HurTON, and
Rev, U, R. THomas, D.D. Second Edition. 21s.

Thessalonians, Timothy, Titus, and Philemon. By the
Bishop of Bath and Wells, Rev, Dr, GroAc and Rev, Dr. EALEs,
With. Homilies by the Rev. B. C. Carrin, M.A., Rev. R.
FinLaysoN, B.A., Rev. Prof. T. CRoSkERY, D.D., Rev. W, F.
ApENEY, M.A,, Rev. W. M. STaTrAM, and Rev, D. THOMAS,
D.D. 15

Hebrews and James. Bythe Rey. J. BarMBY, D.D., and Rev
Prebendaty B. C. S. Gieson, M.A. With Homiletics by the
Rev. C. JERDAN, M.A., LL.B., and Rev. Prebendary E. C. 8.
GresoN. And Homilies by the Rev. W. JonEs, Rev. C. NEW,
Rev. D. Young, B.A., Rev. J. S, BRIguT, Rev. T. . LoCKYER,
B.A., and Rev. C. J[ErRDAN, M.A., LL.B. Sccond Edition. 155

PUSEY, Dr.—Sermons for the Church’s Seasons from
Advent to Trinity. Selected from the Published Sermons
of the late EDwaARD BouveRIE PusEy, D.D. Crown 8vo, §s

RANKE, Leapold vorn.—Universal History. The oldest Historical
Group of Nations and the Greeks, Edited by G. W, PROTHERO.
Demy 8vo, 165,

RENDPFELL, ¥ M—Concise Handbook of the Island of
Madeira. With Plan of Funchal and Map of the Island. Feap,
8vo, Is. 6. L

REVELL, W. F.—Ethical Forecasis. Crown Svo.

REVYNOLDS, Rew. # W.—The Supernatural in Nature. A
Verification by Free Use of Science. Third Edition, Revised
and Enlarged, Demy 8vo, 14s,

The Mystery of Miracles. Third and Enlarged Edition,
Crown 8vo, 6s.
The Mystery of the Universe our Common Faith. Demy
8vo, 144
Théa Wlorld to Come: Immortality a Physical Fact, Crown
Vo, Bs.
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RIBOT, Prof. 7h—Heredity: A Psychological Study of its Phenomena,
its Laws, its Causes, and its Consequences. Second Edition,
Large crown 8vo, gv.

ROBERTSON, The late Rev, F. W., M. 4.—Life and Letters of.
Edited by the Rev. SToOPFORD BrookE, M.A.

L. Twa vols., uniform with the Sermons. With Steel Portrait,
Crown 8vo, 7s. 64,
1I. Library Edition, in Demy 8vo, with Portrait, 12
III. A Popular Edition, in 1 vol. Crown $vo, 65,

ROBERTSON, The late Rew. F. W, M. A.—continued.

Sermons. Four Series. Small crown 8vo, 3. 6. each,

The Human Race, and other Sermons. Preached at Chelten-
ham, Oxford, and Brighton. New and Cheaper Edition. Small
crown 8vo, 35 6d.

Notes on Genesis. New and Cheaper Edition, Small crown Svo,
3. 64,

Expository Lectures on St. Paul’s Epistles to the
Corinthians. A New Edition. Small crown 8vo, 55

Lectures and Addresses, with other Literary Remains, A New
Edition. Small crown 8vo, 5r.

An Analysis of Tennyson’s “ In Memoriam.” (Dedicated
by Permission to the Poet-Laureate.)” Feap. 8vo, 2s.

The Education of the Human Race. Translated from the
German of GOTTHOLD EPHRAIM LEssiNg, Feap. 8vo, 25, 64.
The abeve Works can also be had, bound in half morocea,

*4* A Portrait of the late Rev. F. W, Robertson, mounted for framing,
can be had, 25, 64,

ROMANES, G. ¥, — Mental Evolution in Animals. With a
Posthumous Essay en Instinct hy CHARLES DARWIN, F.R.S,
Demy 8vo, 125,

ROOSEVELT, Zheodore, Hunling Trips of a Ranchman.
Sketches of Sport on the Northern Cattle Plains, With 26
Illustrations. Royal 8vo, 18s.

ROSMINT SERBATL, Antonio.—Life. By the REv. W. LocKHART.
Second Edition, 2 vols, With Portraits, Crown 8vo, 125

Rosmini’s Origin of Ideas. Translated from the Fifth Ttalian
Edition of the Nuovo Saggio Sw/l’ ericine delle idee. 3 vols.
Demy 8vo, cloth, 10s. 62 each.

Rosmini’s Psychology. 3 vols, Demy 8vo [Vals. L and II. now
ready], 1os, 64, each,

ROSS, Fanet.—Italian Sketches. With 14 full-page Ilustrations,
Crown 8vo, 75, 64,

RULE, Martin, M.A.—The Life and Times of St. Anselm,
Archbishop of Canterbury and Primale of the
Britains. zvols. Demy 8vo, 325
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SAMUELL, Rickard—Seven, the Sacred Number: Tis use in
Scripture and its Application to Biblical Crilicism. Crown 8vo,
105, 6.

SAVYCE, Ra. Archibald Heavy.—Introduction to the Science of
Language. zvols. Second Edition. Large post 8vo, 214,

SCOONES, W. Baptiste.—Four Centuries of English ILetters:
A Selection of 350 Letters by 150 Writers, from Lhe Period of the
Taston Letters {o the Present Time. Third Edition. Large
crown 8vo, 6,

SEE, Prof. Germain,—Bacillary Phthisis of the Lungs, Trans-
Iated and edited for English Practitioners by WiLLIAM HExRY
WepDELL, M.R.C.8. Demy 8vo, 105, 62,

Shakspere's Works, The Avon Edition, 12 vols., feap. 8vo, cloth,
185, 5 in cloth box, 215 3 bound in 6 vols., cloth, 15s.

Shakspere's Works, an Index to. By EVANGELINE ('CONNOR.
Crown 8ve, 5s

SHELLEY, FPercy Bysshe.—Life. By Epwarp Dowpen, LL.D,
2 vols. With Portraits. Demy $vo, 36s.

SHILLITO, Rew, Foseph—Womanhood : its Duties, Temptations,
and Privileges. A Book for Young Women. ‘Third Edition,
Crown 8vo, 3. 6.

Shooting, Practical Hints. Being a Treatise on the Shot Gun and
its Management. By ‘20 Bore.” With 55 Ilustrations. Demy
8vo, 12,

Sister Augustine, Superior of the Sisters of Charity at the St,
Johannis Hospital at Bonn. Authorized Translafion by Hawns
THARAU, from the German * Memonals of AMALIE VON
LASAULX.” Cheap Edition. Large crown Svo, 45 6d,

SKINNER, Fames—5 Momoir, By the Author of ““Charles Lowder.”
With a Preface by the Rev. Canon CARTER, and Dortrait.
Large crown, 7r. 6d.

** Alsoa cheap Edition. With Portrait. Fourth Edition. Crown
8vo, 3. 6d.

SMEATON, D. Muckensie,— The Loyal Karons of Burma.
Crown 8vo, 45. 64,

SMITH, Edward, M.D., LL.B., F.R.5.—~Tubercular Consump-
tion in its Early and Remediable Stages. Second
Edition. Crown 8vo, 6.

SHITH, Sir W, Cusack, Bari—Qur War Ships. A Nayal Essay,
Crown 8vo, 5s.

Spanish Mystics. By the Editor of ¢ Many Voices.” Crown 8vo, &5,

Specimens of English Prose Style from Malory to Ma-
caulay. Selected and Annotated, with an Introductory Essay,
by GEORGE SAINTSBURY. Large crown Svo, printed on hand.
made paper, parchment antique or cloth, 12s. ; vellum, 155,
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SFEDDING, Fantes—Reviews and Discussions, Literary,
Political, and Historical not relating to Bacon. Demy
8vo, 125, b4,

Evenings with a Reviewer} or, Macaulay and Bacon.
With a Prefatory Notice by G. S, VENABLES, Q.C. =z vols,
Demy 8vo, 185,

Stray Papers on Education, and Scenes from School Life, By B. H.
Second Edition. Small crown 8vo, 35 6d.

STREATFEILD, Rev. G, 8., M, 4.—Lincolnshire and the Danes.
Large crown 8vo, %s. 61,

STRECKER-WISLICENUS.—Organic Chemistry. Translatedand
Edited, with Extensive  Additions, by W. R. HODGEINSON,
Ph.D., and A. J. Greenaway, F.I.C. Second and cheaper
Edition. Demy 8vo, 12r. 6.

Suakin, 1885 being a Sketch of the Campaign of this yeat, Byan
Officer who was there. Second Edition.  Crown 8vo, 2s, 6d.

SULLY, Fames, M.A.—~Pessimism ; a Iistory and a Criticism,
Second Edition, Demy 8vo, 14s.

Sunshine and Sea. A Vachling Visit to the Channel Tslands and
Coast of Brittany. With Frontispiece from a Photograph and 24
Tllustrations. Crown 8vo, 6s.

SWEDENBORG, Eman.—De Cultu et Amore Dei ubi Agitur
de Telluris ortu, Paradiso et Vivario, tum de Pri-
mogeniti Seu Adami Nativitate Infantia, et Amore.
Crown 8vo, 65.

On the Worship and Love of God. Treating of the Birth
of the Earth, Paradise, and the Abode of Living Creatures,
Translated from the original Latin, Crown 8vo, 7s. 64,

Prodromus Philosophize Ratiocinantis de Infinito,
et Causa Finali Creationis: deque Mechanismo Opera-
tionis Anima et Corporis. Edidit THoMAS MURRAY GorMAN,
M.A. Crown 8vo, 75, 64, J

TACITUS.—The Agricola. A Translation, Small crown 8vo, 25, 64

TARRING, C, ¥—A Practical Elementary Turkish Grammar,
Crown 8vo, 65,

TAYLOR, Rew. Isage.—The Alphabet. An Account of the Origin
and Development of Letters.  With numerous Tables and
Facsimiles. 2 vols. Demy 8vo, 36.

TAYLOR, Feremy.—The Marriage Ring. With Preface, Notes,
and Appendices. Edited by FrANCIS BuRDETT MoNEY COUTTS,
Small crown 8vo, 27 64,

TAYLOR, Sediey.— Profit Sharing between Capital and
Labour, To which is added a Memorandum on the Industrial
Partnership at the Whitwood Collieries, by ARCHIBALD and
szgu BRrIGes, with remarks by SEDLEY Tavior. Crown 8va,
25, 64,
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THOM, 7. Hamiltom—TLaxys of Life after the Mind of Christ,
Two Serics. Crown 8vo, 75 64. cach.

THOMFPSON, Sir f.—Diet in Relation to Age and Activity.
Feap, 8vo, cloth, 15, 64 ; paper covers, Is.

TIDMAN, FPanl F.—Money and Labour. i 64,

TIPPLE, Fev, S. 4.—Sunday Mornings at Norwood. Prayers
and Sermons. Crown 8vo, G

TODHUNTER, Dr, %.—A Study of Shelley. Crown 8vo, 7s.

TOLSTOL, Cotnt Leo.—Christ’s Christianity. Translated from the
Russian,  Large crown 8vo, 75, 64,

TRANT, Willias.—Trade Unions: Their Origin, Objects, and
Efficacy. Small crown 8vo, 1s. 64, 3 Paper covers, 1s,
TRENCH, The late R. C., Archbishop.—Notes on the Parables of
Our Lord. Fourteenth Edition, 8vo, ras, Cheap Edition,

75,6,

Notes on the Miracles of Our Lord. Twelfth Edition,
8vo, 125, Cheap Edition, ¥s. 6d,

Studies in the Gospels. Tifth Edition, Revised, 8vo, 105. 64,

Brief Thoughts and Meditations on Some Passages in
Holy Scripture. Third Edition. Crown 8vo, 35. 64,

Synonyms of the New Testament. Tenth Edition, En
larged, 8vo, 125,

Sermons New and Old. Crown 8vo, 6s.

On the Authorized Wersion of the New Testament,
Second Edition. 8vo, 7s,

Commentary on the Epistles to the Seven Churches in
Asia, Tourth Edition, Revised, 8vo, S5, 64.

The Sermon on the Mount. An Exposition drawn from the
Writings of St. Augustine, with an Essay on his Merits as an
Inte%:ffeter of Holy Scripture. Fourth Edition, Enlarged. 8vo,
105, b

Shipwrecks of Faith. Three Sermons preached hefore the
University of Cambridge in May, 1867. Fcap. 8vo, 25, 64,

Lectures on Medizval Church History. Being the Sub.
stance of Lectures delivered at Queen’s College, London, Second
Edition. 8vo, 125

English, Past and Present. Thirteenth Edition, Revised and
Improved. Feap. 8vo, 5.

On the Study of Words, Nineteenth Edition, Revised,
Feap, 8vo, 54
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TRENCH, The laté R. C., Adrchbishop.—continucd.
Select Glossary of English Words Used Formerly in
Senses Different from the Preseni. Sixth Edilion,
Revised and Enlarged. Feap. 8vo, 55

Proverbs and Their Lessons. Seventh Edition, Enlarged.
Feap. 8vo, 45

Poems. Collected and Arranged anew. Ninth Edition. Feap.
8vo, 5. 64.

Poems, Library Edition. 2 wvols. Small erown 8vo, 1os,

Sacred Latin Poetry. Chiefly Lyrical, Selected and Arranged
for Use. Third Edition, Corrected and Improved. Feap. 8vo, 7+

A Household Book of English Poetry. Selected and
Arranged, with Notes. Fourth Edition, Revised. Extra feap,
8vo, 5. 6d.

An Essay on the Life and Genius of Calderon. With
Translations from his * Life’s a Dream » and ** Great Theatre of
the World.” Second Edilion, Revised and Improved. Extra
fcap. 8vo, 5s. 64,

Gustavus Adolphus in Germany, and other Lectures
on the Thirty Years® War. Third Edition, Enlarged.
Feap, 8vo, 4+

Plutarch : his Life, his Lives, and his Morals. Second
Edition, Enlarged. Feap. 8vo, 35 6.

Remains of the late Mrs: Richard Trench. Deing Sclec-
tions from her Journals, Letlers, and other Papers. New and
Cheaper Issue. With Portrait. 8vo, 6s.

TUKE, Daniel Hack, M.D., F.R.C.P—Chapters in the History
of the Insane in the British Isles. With Four Illustra-
tions. Large crown 8vo, 12s.

PWINING, Louisa—Workhouse Visiting and Management
during Twenty-Five Years. Small crown 8vo, 2s,

VAUGHAN, H. Halford —New Readings and Renderings of
Shakespeare’s Tragedies. 3 vols, Demy 8vo, 125, 64. each.

VICARY, . Fulford—Saga Time. With Illustrations. Crown 8vo,
5. 6d.

VOGT, Liewt.-Col. Hermann.—The Egyptian YWar of 1882.
A translation, 'With Map and Plans. Large crown 8vo, 6s.

VOLCKXSOM, E. . 2.—Catechism of Elementary Modern
Chemistry. Small crown 8vo, 3s.

WALPOLE, Chas, George.—A Short History of Ireland from the

Earliest Times to the Union with Great Britain.
‘With § Maps and Appendices. Third Edition. Crawn 8vo, 6s.
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WARD, Wilfrid.—The Wish to Believe, A Discission Concern-
ing the Temper of Mind in which a reasonable Man should
undertake Religious Inquiry. Small crown 8vo, 55,

WARD, Willian George, Ph.D.—Essays on the Philosophy of
Theism. Edited, with an Introduction, by WiLrrin Wagrb.
2 vols. Demy 8vo, 215,

WARNER, Francis, M. D.—Lectures on the Anatomy of Move-
ment. Crown 8vo, 45 64,

WARTER, 7 W.—An Old Shropshire Qak. 2 vols. Demy 8vo,
285, 2

WEDMORE, Frederich.—The Masters of Genre Painting. With
Sixteen Illustrations, Post 8vo, s, 64,

WHITMAN, Sidney.—Conventional Cant; its Results and Remed ¥
Crown 8vo, 65,

WHITNEY, Prof. William Duwight, — Essentials of English
Grammar, for the Use of Schools, Second Edition. Crown
8vo, 35 6d.

WHITWORTH, George Clifford.—An Anglo-Indian Dictionary :
a Glossary of Indian Terms used in English, and of such English
or ather Non-Indian Terms as have obtained special meanings in
India, Demy 8vo, cloth, rzs,

WILSON, Lient.-Col. C. T'—The Duke of Berwick, Marshal
of France, 1702-1734. Demy 8vo, 155

WILSON, Mrs. R, F.—The Christian Brothers. Their Origin and
Work, With a Sketch of the Life of their Founder, the Ven,
JeAN BAPTISTE, de la Salle, Crown Svo, 6s.

WOLTMANN, Dy, Alfred, and Wi OERIANN, Dr. Kari—History
of Painting. With numerous Illustrations, Medium Svo.
Val I. Painting in Antiquity and the Middle Ages. 2853
bevelled hoards, gilt leaves, 305 Vol. I, The Painting of the
Renascence, gzr, 3 bevelled boards, gilt leaves, 45s,

VOUMANS, Edward L., M.D.~A Class Book of Ghemistry, on
the Basis of the New System. With 200 Illustrations. Crown
8vo, 5s.

VOUMANS, ZElisa A.—First Book of Botany. Designed to
Cultivate the Observing Powers of Children. With 300
Engravings, New and Cheaper Edition, Crown 8vo, 25, 64,

YOUNG, Arthur—Axial Polarity of Man’s Word-Embodied
Ideas, and ils Teaching, Demy 4to, 154
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THE INTERNATIONAL SCIENTIFIC SERIES.

1, Forms of Water in Clouds and Rivers, Ice and Glaciers.
By J. Tyndall, LL.D., F.R.S. With 25 Illustrations, Ninth
Edition. ~ sg,

II. Physics and Politics 3 or, Thoughts on the Application of the
FPrinciples of  Natural Selection * and ‘° Inheritance ” to Political
Society, By Walter Bagehot. Eighth Edition, 4.

III. Foods. By Edward Smith, M.D., LL.B., E.R.S, With numerous
Ilustrations. Ninth Edition, 55.

IV. Mind and Body : the Theories and their Relation. By Alexander
Bain, LL.D. “With Four Illustrations, Eighth Edition, 4x.

V. The Study of Sociology. By 'Herbert Spencer.  Thirteenth
Edition. 55

VI. On the Conservation of Energy. By Balfour Stewart, M. A,
LL.D.;, FiR.S. With 14 Illustrations, = Seventh Edition. 5s.

VII. Animal Locomotion 3 or Walking, Swimming, and F lying. By
J. B. Petligrew, M.D., F.R.S., ete. With 130 Tllustrations,
Third Edition, 55,

VIII. Responsihility in Mental Disease. By Henry Maudsley,
N Fourth Edition, 5.

IX, The New Chemistry. By Professor J. P. Cooke. With 31
Tllustrations.  Ninth Edition. 55

X. The Science of Lawy, By Professor Sheldon Amos.  Sixth Edition,
50

X1, Animal Mechanism : 5 Treatise on Terrestrial and Aerial Loco.
motion. By Professor E. J. Marey. With 117 Tlustrations,
Third Edition, gy,

XII. The Dotirine of Descent and Darwinism. By Professor
Oscar Schmidt, With 26 Ilustrations. Seventh Edition, gs.

XIII, The History of the Conflict between Religion and
Science. By . W, Draper, M.D., LL.D. Twenticth Edition,
&y

XIV. Fungi: their Nature, Influences, Uses, ete. By M. C. Cooke,
M.D., LL.D, Edited Ly the Rev, M. J. Berkeley, M.A,, F,L.S.
With numerous IMustrations, Third Edifion. 5. :

XV, The Chemical Effects of Light and Photography. By
Dr. Hermann Vogel, With 100 Ilustrations. Fourth Editjor,
Bs.

XVI, The Life and Growih of Language, By Professor William
Dwight Whilhey, Fifth Edition. 55
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XVII. Money and the Mechanism of Exchange. By W
Stanley Jevons, M.A., F.R.S. Eighth Edition, Bf.

XVIII. The Nature of Light. With a General Account of Physical
Optics. By Dr, Eugene Lommel.  With 188 Hlustrations and a
Table of Spectra in Chromo-lithography, Fourth Edition, s

XX, Animal Parasites and Messmates. By T. J. Van Beneden,
With 83 Illustrations, Third Edition. s,

XX. Fermentation, By Professor Schiitzenberger.  With 28 Illus.
trations, Fourth Edition, 55

XXI. The Five Sénses of Man. By Professor Bernstein. Wilh
gt Illustrations, Fifth Bdition, 55,

XXIL The Theory of Sound in its Relation to Music. By Pro-
fessor Pietro Blaserna, With numerous Ilustrations, Third
LEdition, g,

XXITI, Studies in Spectrum Analysis, By J. Norman Lockyer,
FR.5.  With six photographie Hlustrations of Spectra, and
numerous engravings on Wood, Fourth Edition. 6r. 64

XXIV., A History of the Growth of the Steam Engine. By
Professor R, . Thurston, With numerous Hiustrations, Fourth
Edition. 65 64,

XXV. Education as a Science. By Alexander Bain, LL,I).  Sixth
Edition, gy,

XXVIL The Human Species. By Professor A, de Quatrefages, Fourth
Edition, g,
XXVIL. Modern CGhromatics, With Applications to Art and In.

dustry. By Ogden N, Rood. With 130 original Ilustrations,
Second Edition, B5.

XXVIIL. The Crayfish : an Introduction to the Study of Zaology. By
Professor T, H, Husley. 'With 82 Illustrations, Fourth Edition,
s

XXIX. The Brain as an Organ of Mind. By H. Charlton Bastian,
M.D. With numerous Ilustrations, Third Edition, 55,

XXX. The Atomic Theory. By Prof. Wucts, Translated by G.
Cleminshaw, F.C.5. Fourth Edition. 5s

XXXI. The Natural Conditions of Existence as they affect
Animal Life. By Kard Semper. With 2 Maps and 106
Woodcuts. Third Edition, 55

XXXIIL General Physiology of Muscles ang Nerves. By Prof.
J. Rosenthal. ‘Third Edition. With Mlustrations, &g,

XXXIIL, Sight: an Exposition of the Principles of Monoeular and
Binoeular Vision, By Joseph le Conte, LL.D. Second Editiog,
With 132 Tllustrations, 55,
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XXXIV. Ilusions : a Psychological Study. By James Sully. Third
Edition. 55

XXXV. Wolcanoes: what they are and what they teach.
By Professor J. W. Judd, F.R.S. With g2 Illustrations on
Wood., Third Edition, 55

XXXVI. Suicide: an Essay on Comparative Maoral Statistics. By Prof.
H. Morselli, Second Edition, With Diagrams. 5z

XXXVII, The Brain and its Functions. By J. Luys. With
Tlustrations. Second Edition. 54,

XXXVIII, Myth and Science: an Essay. By Tito Vignoli. Third
Edition. 5

XXXIX. The Sun. By Professor Young, With Illustrations, Second
Bdition. §s.

XL. Ants, Bees, and Wasps: a Record of Observations on the
Habits of the Social Hymenoptern, By Sir John Lubbock, Bart.,
M.P. With 5 Chromo-lithographic Tllustrations, Eighth Edition.
58

XLI. Animal Intelligence. By G. J. Romanes, LL.D., F.R.5.

" Fourth Edition. 35

XLII The Concepts and Theories of Modern Physics. By

J. B, Stallo. Third Edition. §s.

XLIII. Diseases of the Memory ; An Essay in the Positive Psycho-
logy. By Prof. Th, Ribot. Third Editon. 55

XLIV. Man before Metals. By N. Joly, with 148 Illustrations.
Fourth Edition, 55

XLV. The Science of Politics. By Prof. Sheldon Amos. Third
Edition.  5v.

XLVI. Elementary Meteorology. By Robert H. Scott. TFourlh
Edition. With Numerous Illustrations, g,

XLVII, The Organs of Speech and their Application in the

Formation of Articulate Sounds. By Georg Hermann
Von Meyer, With 47 Woodeuts, 55

XLVIIIL. Fallacies. A View of Logic from the Practical Side. Dy
Alfred Sidgwick, Second Edition. 5s.

XLIX., Origin of Gultivated Plants. By Alphonse de Candolle.
55

L. Jelly-Fish, Star-Fish, and Sea-Urchins. Being a Research
on Frimitive Nervous Systems. By G. J. Romanes, With
Nlustrations. 5,

LI, The Common Sense of the Exact Sciences. By the late

Willinin Kingdon Clifford,  Second Edition, With 100 Figures.

56 g
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LII. Physical Expression : Its Modes and Principles. By
Francis Warner, M.D., F.R.C.P., Hunterian Professor of Com-
parative Anatomy and JFhysiology, R.C.5.E. With 50 Illus.
trations, gs.

LIIT. Anthropoid Apes. Dy Robert Hartmann, With 63 Tllustra-
tions. 54,

LIV. The Mammalia in their Relation to Primeval Times,
By Oscar Schmidt, With 51 Woodeuts. &,

LV, Comparative Literature. By H. Macaulay Posnett, LL.DJ, 5.
LVIl. Earthquakes and other Earth Movements. By Irof,
John Milne.  With 38 Figures, Second Edition. gs
LVII, Microbes, Ferments, and Moulds. By E. L., Trouessart.
With 107 Ilustrations, g

LVIIL Geographical and Geological Distribution of Animals,
By Professor A, Heilprin, With Frontispicce. 35

LIX. Weather. A Popular Exposition of the Nature of Weather
Changes from Day to Day. By the Hon. Ralph Abercromby.
‘With g6 Illustrations, 35

LX. Anirmal Magnetism, By Alfred Binet and Charles 1éré, e

LXI. Manual of British Discomyeetes, wilth descriptions of all the
Species of Hungi hitherto found in Britain included in the Family,
and Illustrations of the Geners, By William Phillips, I.1..8. 58,

LXIL International Lawy., With Materials for a Code of Inter-
national Law, By Professor Leone Levi, 5.

LXIII, The Origin of Floral Structures through Inscet
Agency. By Prof. G, Fensloyw,

MILITARY WORKS,

BRACKENBURY, Col, C. B., Rd.—Military Handbooks foc
Regimental Officers,

L. Military Sketching and Reconnaissance. By Col,
L. »_][. Hutcl}lsun and Major H. G- MacGregor, ~ Fifth
Edition. With 1 5 Plates. Small erown 8o, 45. :

II. The Elements of Modern Tactics Practically
applied to English Formations. By Lieut.-Cal,
Wilkinson Shaw.  Sixth Edition. © With 235 Plates and
Maps. Small crown 8vo, g5,

L Field Artillery. Is Equipment, Organization and Tactics,
By Major Sisson C. Praif, R.A, With' 12 Plates. ‘Third
Edition.  Small crown Bvo, G5

D
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LRACKENBURY, Col. C, B,, R.A.—centinued,
1V. The Elements of Military Administraiion. First
Part : Permanent System of Administration, By Major
J. W. Buxton, Small crown 8vo, 7s. 6d.
V. Military Law: Its Procedure and Practice, By Major
Sisson C. Pratt, R.A, Third Edition, Small crown 8vo,
45, bd.

VI, Cavalry in Modern War. By Col. . Chenevix Trench.
Small crown 8vo, 6.

VIL. ¥Field Works, Their Technical Construction and Tactical
Application, By the Editor, Col. C. B. Brackenbury, R.A.
Small erown 8vo.

BRENT, Brig-Gen. ¥. L—Mobilizable Fortifications and their
Controlling Influence in War. Crown 8vo, 5.

BROOKE, Major, €. Ki—A System of Field Training. Small
crown 8vo, cloth limp, 25

Campaign of Fredericksburg, November—December, 1862,
A Study for Officers of Volunteers. With 5 Maps and Plans.
Crown 8vo, 55

CLERY, C,, Licut,-Col.—NMinor Tactics. With 26 Maps and Plans,
Seventh Edition, Revised. Crown 8vo, gs.

COLVILE, Lizwt, Col C. Fi—Military Tribunals. Sewed, 25 64,

CRAUFURD, Capt, H. F.—Suggestions for the Military Train-
ing of a Company of Infantry. Crown 8vo, 14 64

HAMILTON, Capt. lan, 4.0.C—The Fighting of the Fulure. 1s

HARRISON, Csl. R—The Officer’s Memorandum Book for
Peace and War. TFowth Edition, Revised throughout.
Oblong 32mo, red basil, with pencil, 3s. 64,

Notes on Cavalry Tactics, Organisation, etc. By a Cavalry
Officer. 'With Diagrams. Demy 8vo, 128,

PARR, Capt. H. Hullwm, C.M,G.—The Dress, Horses, and
Eguipment of Infantry and Staff Officers. Crown
8vo, 15,

SCHAW, Col. H—The Defence and Attack of Posilions and
Localities. Thivd Edition, Revised and Corrected, Crown
8vo, 3¢, 6d.

STONE, Capl. B Gladowe, R.4.—Tactical Studies from the
Franco-German War of 1870-~71. With 22 Lithographi¢
Sketches and Maps., Demy 8vo, jos

WILKINSON, H. Spenser, Capt. zoth Lancaskire R.V,— Citizen
Soldiers. Essays towards the Improvement of the Volunteer
Force. Crown 8vo, 25 64
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POETRY.

ABRAY, X —The Castle of Bnaresborough. A Tale in Verse,
Crown Svo, 65,

ADAM OF ST. VICTOR.—The Liturgical Poetry of Adam of
St. Wictor. From the text of GAUTIER. With Translations into
Bnglish in the Original Metres, and Short Explanatory Notes,
by DiGeY 8. WrANGHAM, M.A. 3 vols. Crown 8vo, printed
on hand-made paper, boards, 21,

AITCHISON, James.—The Chronicle of Mites. A Satire. Small
crown 8vo, g

ALEXANDER, William, D.D., Bishap of Derry.—5t. Aungustine's
Holiday, and other Poems. Crown 8vo, Gy,

AUCHMUTY, 4, C.—Poems of English Heroism : From Brunan-
burh to Lucknow ; from Athelstan to Albert. Small crown 8va,
Ly, G,

BARNES, Williom.—Poems of Rural Life; in the Dorset
Dialect. New Edition, complete in one vol. Crown 8vo,
8s. 62,

BAYNES, Rev, Camon H, R.—Home Songs for Quiet Hours.
Fourth and Cheaper Edition. Fceap, 8vo, cloth, 25, 64,

BEVINGTON, L, §.—Keoy Notes. Small crown 8vo, 5r,

BLUNT, Wilfrid Scamwen.—The Wind and the VAhirlyrind.
Demy 8vo, 1s. 6.

The Love Sonnets of Proteus. Fifih Edition, 18ma. Cloth
extra, gilt top, 55

BOWEN, H, C., M.4.—Simple English Poems. English Literature
for Junior Classes. In Four Parts, Parts L, I1., and III,, 64,
each, and Part IV, 1z Complete, 3s.

BRYANT, W. C.—Poems. Cheap Edition, with Frontispiece, Small
crown 8vo, 3s. 64,

Galderon’s Dramas: the Wonder-Working Magician — Life is g
Dream—the FPurgatory of St. Patdck. Translated by Dexis
FLorENCE MACCARTHY. Post Svo, 100

Camoens’ Lusiads.—-Pormgnese Text, with Translation by T. J.
AUBERTIN., Second Edition. 2 vols. Crown 8vo, 121,

CAMPBELL, Lewis—Sophocles, The Seven Plays in English Verse.
Crown 8vo, 73, 64

CERVANTES,—Journey to Parnassus, Spanish Text, with Trans.
lation into English Terccts, Preface, and Ilustrative N otes, by
JamES V, GiBson, Crown 8vo, 12y,
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CERVANTES—continusd.-

Numantia: a Tragedy, Translated from the Spanish, with
Introduction and Notes, by James Y. Gipson. Crown 8vo,
printed on hand-made paper, §s.

Chronicles of Christopher Columbus. A Poem in 12 Cantos.
By M. ). C. Crown 8vo, ¥s. 6d.

Cid Ballads, and other Poems.—Translated from Spanish and
German by J. Y. Gisson. 2 vols. Crown 8vo, 125

COXHEAD, Efkel—Birds and Babies. With 33 Illustrations.
Imp. 16mo, gilt; 25, 6d.

Dante’s Divina Commedia. Translated in the Zerse Rama of
Original, by F. K. H. HaseLrooT. Demy 8vo, 164
DE BERANGER.—A Selection from his Songs. In English
Verse. By WrLriam To¥xpee, Small crown 8vo, 25, 6d.
DENNIS, F.—English Sonnets. Collected and Axranged by, Small
: crown 8va, 25, 6d.
DE VERE, Aubrey.—FPoetical Works.
1. THE SEARCH AFTER PROSERPINE, etc, 6s.
11. Toe LEGENDS OF ST. PATRICK, ete. 6s.
T11. ALEXANDER THE GREAT, etc. 0O

The Foray of Queen Meave, and other Legends of Ireland’s
Heroic Age.  Siall crown 8vo, 5s.
Legends of the Saxon Saints.  Small crown 8vo, Gr.
Iegends and Records of the Church and the Empire.
small crown 8vo, G5,
DILEON, drthur.—Gods and Men. TFeap. 4to, 7s. 62,
POBSON, Austin.—0ld World Idylls and other Verses. Seventh
Edition. Elzevir 8vo, gilt top, 6s.
At the Sign of the Lyre. Fifth Edition. Elzevir 8vo, gilt
top, O,
DOWDEN, Edward, LE.D.—Shakspere's Sonnets. With Intro-
duction and Notes. Large post 8vo, 7s. 64.
DUTT, Toru.—A Sheaf Gleaned in French Fields. New Edition.
Demy Svo, 105, 6,

Ancient Ballads and Legends of Hindustan. With an
Introductory Memoir by EpMuND Gosse, Second Edition,
18mo, Cloth extra, gilt top, 5s.

EDWARDS, Miss Betham.—Poems. Small crown 8vo, 3s. 64,
ELLIOTT, Eleneser, The Corn Law Rhymer.—Poems. Edited by his

son, the Rev. Enwix Evrvriort, of St. John's, Antigua. 2 vols,
Crown 8vo, 185,
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English Werse. Edited by W. J. LintoN and R. H. SioDDARD.
5 vols. Crown 8ve, cloth, 5s. each.

1. CravcER TO BUurNs.
II. TRANSLATIONS:
IIL. L¥®ics oF THE NINETEENTH CENTURY.
IV. DRAMATIC SCENES AND CIHARACTERS,
V. BALLADS AND ROMANCES,

FOSKETT, Fdward —Poems. Crown 8vo, 6.

GOODCHILD, Fohin 4.—Sommnia Medici. Three seres. Small
crown 8vo, 3¢ each.

GOSSE, Edmund.—New Poems. Crown 8vo, 7s. Gl

Firdausi in Exile, and other Poems. Second Edition. Elsevir
&vo, gilt top, 6s.

GURNEY, Rev, Alfred—The Vision of the Eucharist, and ather
Poems, Crown 8yo, 5.

A Christmas Faggot. Small crown 8vo, 56
HARRISON, Clifford—In Hours of Leisure. Crown Svo, 5o

AEYWOOD, ¥ C.—Herodias, a Dramatic Poem. New ldition,
Revised. Small erown Svo, 5o

Antonius. A Dramatie Posm, New Edition, Revised. Small
crown 8vo, 54.

Salome. A Dramatic Poem, Small erown Svo, 55

HICKEY, E. #.—A Sculptor, and other Poems, Small crown
VO, §S

HOLE, W. G.—Proeris, and other Poems. Feap. 8vo, 35. 6.

KEATS, Fokn.—Poetical Works, Edited by W. T. Azxorp. Large
crown 8vo, choicely printed on hand-made paper, with Portrait
in casforte,  Parchment or eloth, 12y, 3 vellum, 155,

KING, Edward, A Venetian Lover. Small 4to, 65

KING, Mrs. Humilton.—The Diseciples, - Ninth Edition, and Notes,
Small crown 8yo, 55,

A Book of Dreams., Second Edition. Crown 8vo, 35 64,

LAFFAN, Mrs. £.8. De Conrgp.—A. Song of Jubilee, and other
Poerns. With Frontispicce,  Stall crown 8vo, 35 64,

LANG, 4 —XXZXIL. Ballades in Blue China. Elzevir Svo, 55

Rhymes a la Mode. Wilh Frontispicce by E. A. Abley.
Second Edition.  Elzevir 8vo, cloth extra, gilt top, 5.

LANGFORD, J. 4., LLD,—0On Sea and Shore. Small crown
8vo, 54
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LASCELLES, Fohn.—Golden Fetters, and other Poems. Small
crown 8vo, 35 64.

LAWSON, Right Hon. My, justice. —Hymni Usitati Latine
Redditi ¢ with other Verses, Small 8vo, parchment, 55

Living English Poets MDCCCLXXXII. With Frontispiece by
Walter Crane. Second Edition. Large crown 8vo. Printed on
hand-made paper. Parchment or cloth, 125 ; vellum, 155

LOCKER, F.—London Lyrics. Tenth Edition, With Porlrait,
Elzevir 8vo. Cloth extra, gilt top, gs.

Love in Xdleness. A Volume of Poems. With an Etching by W. B.
Scott. Small crown 8vo, 55

LUMSDEN, Lizut.-Col, H, W.—Beowulf: an Old English Poem.
Translated into Modern Rhymes. Second and Revised Edition.
Small crown 8vo, 54

LYSAGHT, Sidney Royse.—A Modern Ideal. A Dramatic Poem.
Small erown 8vo, 56

MAGNUSSON, Eirikr, M.d., and PALMER, E. &., M.4A.—Johan
Ludvig Runeherg’s Lyrical Songs, Idylls, and Epi~
grams. Fcap. 8vo, 55

MEREDITH, Owen [The Eari of Lytion].—Lucile, New Edition
With 32 Illusirations. I6mo, 35, 64. Cloth extra, gilt edges,
45, 6.

MORRIS, Lewis—Poetical Works of. New and Cheaper Editions,
with Portrait. Complete in 3 yols., 55 each.

Vol, I, contains ** Songs of Two Worlds.” Twellth Edition.

Vol. IL. contains ** The Epic of Hades.” Twenty-first Edition.

Vol. 1IL. contains ““Gwen” and ““The Ode of Life.” Seventh
Edition,

Vol. IV. contains *Songs Unsung ” and *“ Gycia.” Fifth Edilion,

Songs of Britain. Third Edition. Feap. 8vo, §s.

The Epic of Hades. With 16 Autotype Illustrations, after the
Drawings of the late George "R, Chapman. 4to, cloth extra, gilt
leaves, 21,

The Epic of Hades. Presentation Edition. 4to, cloth extra,
gilt leaves, 105 64.

The Lewis Morris Birthday Book. Edited by 8. 8. Copx-
MAN, with Frontispiece after a Design by the late George R.
Chapman. 32mo, cloth extra, gilt edges, 24 ; cloth limp, 1s, 64

MORSHEAD, K. D, 4. —The House of Atreus. Being the
Agamemnon, Libation-Bearers, and Furies of AEschylus, Trans-
lated into English Verse. Crown 8vo, ¥s.

The Suppliant Maidens of Zschylus. Crown 8vo, 35 640
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MOZEEY, . Rickards.—The Romance of Denmpell. A Poem in
Five Cantos. Crown 8vo, 7s. 64.

MULHOLLAND, Resae.—Vagrant Verses. Small crown Svo, 35

NADEN, Censtance C. W.—A Modern Aposile, and other
Poems. Small crown 8vo; 5.

NOEL, The Hon. Roden.— A Little Child’s Monument. Third
Edition, Small crown Svo, 3¢ 64,

The House of Ravensburg. New Edition. Small crown

8vo, 6r.

The Red Flag, and other Poems. New Edition. Small erown

8vo, 6.

Songs of the Heights and Deeps. Crown 8vo, 6s
O'BRIEN, Charloite Grace.—Liyrics. Small crown 8vo, 35. 64
O'HAGAN, Fohn—The Song of Roland. Translated into Englich

Verse. New and Cheaper Edition. Crown 8vo, 55

PREIFFER, Emily.—The Rhyme of the Lady of the Rock,
and Howr it Grew. Second Edition. Small crown 8vo,
35, 6d,

Gerard’s Monument, and other Poems, Second Edition.
Crown 8vo, 6s.

Under the Aspens: Lyrical and Dramatic, With Portrait.
Crown 8vo, 6s.

PIATT, ¥ F—1dyls and Lyrics of the Ohio Valley. Crown
8vo, 55

PREVOST, Francis—Melilot. 35 64,
Fires of Groon Wood. Small crown Svo, 3. 64,

Rare Poems of the 16th and 17th Centuries. DEdited by W. J.
LiNTON. Crown 8vo, §s.

RHOADES, Fumes.—The Georgics of Virgil. Translated intn
Hnglish Verse. Small erown 8vo, §s.

Poems. Small crown Svo, 45 64
Dux Redux, A Forest Tangle. Small erown 8vo, 3. 64l
ROBINSON, A, Mary F.—A Handful of Honeysuckle. Teap,
8vo, 35,
The Crowned Hippolytus, Translated from Buripides. With
New Poems., Small crown 8vo, 55

SCHILLER, Friedrich— N allenstein. A Drama. Done in English
Verse, by J. A, W. HunTEr, M.A. Crown 8vo, 7s. 6.

SCHWARTEZ, % M. W.—Nivalis. A Tragedy in Five Acls. Small
crown 8vo, §s,
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SCOTT, E. J. L.—The Ecloguesof Virgil,—Translated into English
Verse. Small crown 8vo, 38 64
SHERBROOKE, Viscount.—FPoems of a Life. Seccond Edition,
Small crown 8vo, 2s. 64,
SINCLAIR, Fulion.—Nakiketas, and other Pocms. Small crown
8vo, 25, 6d.
SMITH, #. W. Gifbarf.—The Loves of Wandyck. A Taleof Genoa,
Smiall crown 8vo, 25
The Log o' the **Worseman.” Small crown 8vo, 55
Serbelloni. Small crown 8vo, §s.
Sophocles; The Seven Plays in English Verse, Translated by Lewis
CAMpBELL. Crown 8vo, 75. 6.
STEWART, Philigs—Poems. Small crown 8vo, 25, 64.
SYMONDS, Sohn Addinglon.—Vagabunduli Libellus. Crown
8vo, 6s
Tasso’s Jerusalem Delivered. Translated by Sir Joun KiNesToN
Jamzs, Barl. Two Volumes, Printed on hand-made paper,
parchment, bevelled boards. Large crown 8vo, 215
TAYEOR, Sir H.—Waorks. Complete in Five Volumes. Crown
8vo, 308
Philip Van Artevelde. TFeap. 8vo,; 3¢ 6,
The Vicgin Widowrs, ete. Feap, 8va, 35 64
The Statesman. Feap. 8vo, 3s. 6d.

TODHUGNTER, Dr, 7.—Laurella, and other Poems. Crown 8vo,
6s. b

Forest Songs. Small'crown 8vo, 3s. 64,

The True Tragedy of Rienzi: a Drama, 3s5 64
Alcestis ¢ a Dramatic Poem. Extra fcap. 8vo, s
Helena in Troas. Small crown 8vo, 2s. 640

TOMKINS, Zitetle £,—Sister Lucetta, and other Poems. Small
crown 8vo, 35 6d.

TYNAN, Katherine. —Lounise de la Valllere, and other Poems.
Small erown 8vo, 3s. 6d.

Shamrocks. Small crown 8vo, 55
Unspoken Thoughts. Small erown 8vo, 3r. 64,

Viclorian Hymns: English Sacred Songs of Fifty Years.
Dedicated to the Queen. Large post 8vo, 105 64,

WEBSTER, Augusta.~In a Day: a Drama, Small crown 8vo, 25 64,
Disguises : a Drama.  Small crown 8vo, 56,

WILLIAMS, Fames.—A Lawyer's Leisure. Small crown 8vo,
36 64,
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WoOD, Edmund—Poems. Small crown 8vo, 35 64.
Wordsworth Birthday Book, The. Edited by ADELAIDE and
VioLer WORDSWORTIHL. 32mo, limp eloth; Is, 64, 5 cloth extra, 2,
YOUNGS, Lliz Sharge—Paphus, and other Poems. Small crown 8vo,
35 64,
A Hearls Life, Sarpedon, and other Poems. Swmall crown
8vo, 55 64,
The Apotheosis of Antinous, and other Poems. With
Tortrait. Smell crown 8vo, 105, 64.

NOVELS AND TALES.

fAll But:™ aChronicle of Laxenford Life. By Pexy OLIVER, F.R.C.S,
With zo Tllustrations, Second Edition. Crown 8vo, 6.

BANKS, Mys. G, L.—God’s Providence House. New Edition.
Crown 8vo, 35. 64.

CHICHELE, Mary.—Doing and Undoing. A Sloty. Crown 8vo,
45. 6d,

Danish Parsonage. By an Angler. Crown 8vo, 65

GRAY, Maxwell. —The Silence of Dean Maitland. Fifth
Edition, With Frontispiece, Crown Svo, 6s.

HUNTER, Hay.—The Crime of Christmas Day. A Tale of the
Latin Quarter. By the Author of “My Ducats and my
Daughter.” 15,

HUNTER, Hay, and WHYTE, Walter.—My Ducats and My
Daughter, New and Cheaper Edition. With Frontispiece,
Crown 8vo, 65

INGELOW, Fuan—Off the Skelligs : a Novel.: With Frontispiece.
Second Edition. Crown 8vo, 6s,

FENKINS, Edward.—A Secret of Two Lives. Crown Svo, 2s. 6d,

KIELLAND, Alexander L—Garman and Worse. A Norwegian
Nove}- Authorized Translation, by W, W. Kettlewell, Crown
8vo, 6s.

LANG, Andrev—In the WWrong Paradise, and other Stories,
Second Edition,  Crown 8vo, 6s,

MACDONALD, G.—Donal Grant., A Novel. Second Edition,
With Frontispiece. Crown 8vo, 6s.

Home Again. With Trontlispiece. Crown Svo, 6.

Castle Warlock. A Novel. Sccond Edition, With Froniis.
piece. Crown 8vo, 6,
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MACDONALD, G.—continued,
Malcolm. With Portrait of the Author engraved on Steel.
Lichth Edition. Crown 8vo, 6s
The Marquis of Lossie. Seventh Edition, With Frontispiece.
Crown 8vo, 6.

St. George and St. Michael. Fifth Edition, With Frontis-
piece, Crown Svo, 6s.

YA hat's Mine's Mine. Second Edition. With Frontispiece.
Crown Svo, 6s.

Annals of a Quiet Weighbourhood. Sixth Edition. With
Frontispiece. Crown 8vo, 6s.

The Seahoard Parish : a Sequel to  Annals of a Quiet Neigh-
bourhood.” Fourth Edition, With Frontispiece. Crown 8Svo, 6s.

Wilfred Cumbermede. An Autobiographical Story. Fourth
Edition. With Frontispiece. Crown 8vo, 65,

Thomas Wingfold, Curate. Fourth Edition. With Frontis-
picce. Crown 8vo, b5

Paul Faber, Surgeon. Fourth Edition. With Frontispiece.
Crown 8vo, 6s.

MALET, Lucas.—Colonel Enderby's Wife. A Novel. New and
Cheaper Edition, With Frontispieee. Crown 8va, 6s,
MULHOLLAND, Rosa.—Marcella Grace: AnlIrish Novel. Crown

8vo, 6s.

PALGRAVE, W. Gifford—Hermann Agha: an Bastern Narrative.
Third Edition. Crown 8&vo, 6s.

SHAW, Flora L.—Castle Blair: a Story of Youthful Days. New and
Cheaper Edition. Crown 8vo, 3r. 6d.

STRETTON, Hesha.—Through a Needle's Eye: a Story. New
and Cheaper Fdition, with Frontispiece. Crown 8vo, 05,
TAYLOR, Col. Meadows, C.S.1, MR I.A—Secta: a Novel. With

Frontispiece. Crown 8vo, s,

Tippoo Sultaun : a Tale of the Mysore War. With Frontispieee.
Crown 8vo, 6s.

Ralph Darnell. With Frontispiece. Crown 8vo, 65,

A Noble Queen. With Frontispiece. Crown 8vo, 6x.

The Confessions of a Thug. With Frontispicce. Crown 8va, 64

Tara : a Mahratta Tale, With Frontispiece. Crown 8vo, 6s.
Within Sound of the Sea. With Frontispiece. Crown 8vo, 6.
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BOOKS FOR THE YOUNG.

Brave Men’s Fooisteps. A Book of Example and Anecdote for
Young People. By the Editor of ** Men who have Risen.” With
4 IMustrations by C, Doyle, Ninth Edition. Crown 8vo, 35. 64
COXHEAD, Ethel—Birds and Babies. With 33 Illustrations.
Second Edition. Imp. 16mo, cloth gilt, 25 6d.
DAVIES, G. Christopler.—Rambles and Adventures of our
School Field Club. With 4 Illustrations, New and Cheaper
Edition. Crown 8vo, 35 64d.
EDWONDS, Herlert,—Well Spent Lives: a Series of Modern Bio-
graphies, New and Cheaper Edition. Crown 8vo, 3s. 64,
EVANS, Mari.—The Story of our Father’s Love, told to Children.
Sixth and Cheaper Edition of Theology for Children, With 4
Iltustrations. Feap, 8vo, 1s. 64
MAC KENNA, S. 7.—Plucky Fellows. A Book for Boys, With
6 Illustrations. Fifth Edibon. Crown 8vo, 35 6d,
MALET, Lucas.—Little Peter. A Christmas Morality for Children of
any Ape. With numerous Illustrations. 5s.
REANEY, Ms. G. §—Waking and Working ; or, From Girlhood
to Womanhood. New and Cheaper Edition. With a Frontis-
piece. Crown Svo, 35, 64,
Blessing and Blessed: a Sketch of Girl Life, New and
Cheaper Edition, Crown 8vo, 3s. 64.
Rose Gurney's Discovery. A Story for Girls, Dedicated to
their Mothers. Crown 8vo, 3s. 64.
English Girls: Their Place and Power, With Preface by the
Rev. R. W, Dale, Fifth Edition. Feap. 8vo, 25 64,
Just Anyone, and other Stories, Three Ilustrations. Royal
16mo, 14, 64,
Sunbeam Willie, and olher Stories, Three Illustrations. Royal
16mo, 15, 64.
Sunshine Ienny, and other Stories, Three Hlustrations, Royal
16mo, 1s. 64
STORR, Francis, and TURNER, Huwes,—Canterbury Chimes;
or, Chaucer Tales re-told to Children, With 6 Illustrations from
the Ellesmere Manuscript, Third Edition. Feap. 8vo, 3s. 64,
STRETTON, Hesba—David Lloyd’s Last Will. With 4 Tllustra-
tions. New Edition, Royal 16mo, 25, 64. ‘
WHITAKER, Florence,—Christy’s Inheritance. A London Story.
Illustrated. Royal 16mo; 15, 64,
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KEGAN PAUL, TRENCH & CO.5

EDITIONS OF

SHAKSPERE'S WORKS.,

THE PARCHMENT LIBRARY EDITION.

THE AVON EDITION.

The Text of these Editions is matnly that of Delius.  Wher-
ever @ varwant reading is adopied, some good and recognisid
Shaksperion Critic has been folloroed.  In wo case is @ new
rendering of the text proposed; nor has it been thought -

cessary fo distract the reader’s atiention by notes or comments.

1, PATERNOSTER SQUARE,
[ 7o,



SHAKSPERE'S WORKS.
THE AVON EDITION.

Printed on thin opagque paper, and forming 1z handy
volumes, cloth, 18s., or hound in 6 volumes, 155.

The set of 12 volimes may also be had in a cloth box,
price 215, or bound in Roan, Persian, Crushed Persian
Levant, Calf, or Morocco, and enclosed in an attractive
leather box at prices from 31s. 6. upwards,

SOME PRESS NOTICES.

¢ This edition will be useful to those who want a good text, well and
clearly printed, in convenient little wolumes that will slip easily into an
overcoal pocket or a travelling-lag, " —52 James’s Gazelle,

 We know no prettier edition of Shakspere for the price. "—deadensy.

€ It is refreshing to meet with an edition of Shakspere of convenient
size and low price, without either notes or introductions of any sort to
distract the attention of the reader, *—Safurday Reviewo.

“Tt is exquisite,  Each volume is handy, is beautifully printed, and
in every way lends itself to the taste of the cultivated student of Shalk-
spere, " —Srotsman.

Lonpon: Kegan PAUL, TRENCH & Co., 1, PATERNOSTER SQUARE,



SHAKSPERE'S WORKS.
THE PARCHMENT LIBRARY EDITION.

In 12 volumes Elzevir 8vo., choicely printed on hand-made
paper, and bound in parchment or cloth, price &3 T28,
or in vellum, price £4 105

The set of 12 volumes may also be had in a strong cloth
box, price £3 175., or with an oak hanging shelf, £3 18s.

SOME PRESS NOTICES.

o, . . There is, perhaps, no edition inwhich the works ol Shakspere
can be read in such luxury of type and gjuiet distinction of form as this,
and we warmly recommend it."—Fall Mali Gasette,

“Tor elegance of form and beauty of typography, mo edition of
Shakspere hitherto published has excelled the * archmentl Library
Tdition.” - . . They arc in (he strictest sense poekel volumes, yel the
type is hold, and, being on fire white hand-made paper, can hardly tax
the weakest of sieht, Theprint is judiciously confmed to the text, notes
Deing more appropriate Lo library editions. The whole will be eomprised
in the cream-coloured parchment which gives the name to the series.”
—7 )a?'ly Newss

The Parchment Lilwary Edition of Shakspere needs no further
praise.—Suturday Kevicw.

Sust prublished.  Price 55
AN INDEX TO THE WORKS OF SHAKSPERE.

Applicable to all editions of Shakspere, and giving reference, by topics,
to notable passages and significant expressions § Tiriel histories of the
plays; geographical names and historic inecidents; mention of all
characters and sketches of important ones 3 together with explanations
of allusions and ohscure and obsolete words and phrascs.

By EVANGELINE M, O'CONNOR.

i

Lonpon ; Kreax Pavr, Trexcn & Co., 1, PATERNOSTER SQUARE.



SHAKSPERE'S WORKS.

SPECIMEN OF TYPE.

4 THE MERCHANT OF VENICE AT

Saiar. My wind, cooling my broth,
Would blow me to an ague, when I thought
‘What harm a wind too great might do at sea.
I should not see the sandy hour-glass run
But I should think of shallows and of flats, .
And see my wealthy Andrew, docl’d in sand,
Vailing hier high-top lower than her ribs
To kiss her burial.  Should I go to church
And see the holy edifice of stone,
And not bethink me straight of dangerous rocks,
Which touching but my gentle vessel's side,
Would scatter all her spices on the stream,
Enrobe (he roaring waters with iy silks,
And, in a word, but eéven now worlh this,
And now worth nathing ?  Shall I have the thought
To think on this, and shall T lack the thouglit
That such a thing hechanc'd would make me sadl ?
But tell not me : I know Antonio
Is sad 1o think upon his merchandise.
Ant, Believe me, no : T thank my fortune for it,
My ventures are not in one bottom trusted,
Nor to one place ; nor is my whole estate
Upon the fortune of this present year :
Therefore my merchandise makes me not sad,
Safar. Why, then you are in love.
A, Tie, fie!
Srlar. Not in love neither? Then let us say you
‘ are sad,
Because you are not merry ; and “twere as easy
For you to laugh, and leap, and Say you are merry,
‘ Because you are not sad. Now, by two-headed
| Janus,
Nature hath fram'd strange fellows in her time :
Some that will evermore peep through their eyes
And laugh like parrots at a bag-piper ;
And other of snch vinegar aspect

Lonpoy  Kegan Pavrs TRENGH & Co.y &), PATERNOSTER SQUARE.
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