
.S^J
%.

^;^ „o.

IMAGE EVALUATION
TEST TARGET (MT-3)

1.0

I.I

1.25

t?-9

Will

'I m
140

||M

22

2.0

1.8

U
ill 1-6

V]

o
^2

% p-%

o>

o

^;.

//

/

/a

Photogrephic

Sciences
Corporation

23 WEST MAIN STREET

WEBSTER, N.Y. 14580

(716) 872-4503



Q,
^ CIHM/ICMH

Microfiche
Series.

CIHM/ICMH
Collection de
microfiches.

Canadian Institute for Historical Microreproductions / Institut Canadian de microreproductions historiques

O'



Technical and Bibliographic Notes/Notes techniques et bibliographiques

The Institute has attempted to obtain the best
original copy available for filming. Features of this

copy which may be bibliographically unique,
which may alter any of the images in the

reproduction, or which may significantly change
the usual method of filming, are checked below.

D

D

Coloured covers/
Couverture de couleur

Covers damaged/
Coi>uverture endommagee

Cov
Cou
Covers restored and/or laminated/

verture restaurde et/ou pellicul^e

I I

Cover title missing/
Le titre de couverture manque

Coloured maps/
Cartes g6ographiques en couleur

Coloured ink (i.e. other than blue or black)/
Encre de couleur (i.e. autre que bleue ou noire)

Coloured plates and/or illustrations/

Planches et/ou illustrations en couleur

Bound with other material/

Reli6 avec d'autres documents

Tight binding may cause shadows or distortion
along interior margin/
La reliure serree peut causer de I'ombre ou de la

distortion le long de la marge int^rieure

Blank leaves added during restoration may
appear within the text. Whenever possible, these
have been omitted from filming/

II se peut que certaines pages blanches ajout6es
lors d'une restauration apparaissent dans le texte,
mais, lorsque cela dtait possible, ces pages n'ont
pas et6 filmees.

L'institut a microfilm^ le meilleur exemplaire
qu'il lui a 6t6 possible de se procurer. Les details
de cet exemplaire qui sont peut-dtre uniques du
point de vue bibliographique, qui peuvent modifier
une image reproduite, ou qui peuvent exiger une
modification dans la m6thode normale de filmage
sont indiqu^s ci-dessous.

Coloured pages/
Pages de couleur

Pages damaged/
Pages endommag^es

D
/

D

D
D
D
n

Pages restored and/or laminated/
Pages restaur^es et/ou pellicul^es

Pages discoloured, stained or foxed/
Pages d^colorees, tachet^es ou piqu^es

Pages detached/
Pages detachees

Showthrough/
Transparence

Quality of print varies/

Qualite inegale de I'impression

Includes supplementary material/
Comprend du materiel supplementaire

Only edition available/

Seule Edition disponible

Pages wholly or partially obscured by errata
slips, tissues, etc., have been refilmed to

ensure the best possible image/
Les pages totalement ou partiellement
obscurcies par un feuillet d'errata, une pelure,

etc., ont 6X6 filmees d nouveau de facon ^

obtenir la meilleure image possible.

D Additional comments:/
Commentaires supplementaires;

This item is filmed at the reduction ratio checked below/
Ce document est film^ au taux de reduction indiqu6 ci-dessous.

10X 14X 18X 22X

y

26X 30X

12X 16X 20X 24X 28X 32X



The copy filmed here has been reproduced thanks
to the aenerositv of:

itails

i du
odifier

une
mage

Library of the Public

Archives of Canada

The images appearing here are the best quality
possible considering the condition and legibility

of the original copy and in keeping with the
filming contract specifications.

Original copies in printed paper coveis are filmed
beginning with the front cover and er^ding on
the last page with a printed or illustrared impres-
sion, or the back cover when appropriate. All

other original copies are filmed beginning on the
first page with a printed or illustrated impres-
sion, and ending on the last page with a printed
or illustrated impression.

The last recorded frame on each microfiche
shall contain the symbol —^ (meaning "CON-
TINUED"), or the symbol V (meaning "END"),
whichever applies.

Maps, plates, charts, etc., may be filmed at
different reduction ratios. Those too large to be
entirely included in one exposure are filmed
beginning in the upper left hand corner, left to
right and top to bottom, as many frames as
required. The following diagrams illustrate the
method:

L'exemplaire film6 fut reproduit grdce i la

g^ndrositi de:

La bibliothdque des Archives
publiques du Canada

Les images suivantes ont 6t6 reproduites avec le

plus grand soin, compte tenu de la condition et
de la nettetd de l'exemplaire filmd, et en
conformity avec les conditions du contrat de
filmage.

Les exemplaires originaux dont la couverture en
papier est imprimde sont filmds en commen^ant
par le premier plat et en terminant soit par la

dernidre page qui comporte une empreinte
d'impression ou d'illustration, soit par le second
plat, selon le cas. Tous les autres exemplaires
originaux sont filmds en commenpant par la

premidre page qui compcrte une empreinte
d'impression ou d'illustration et en terminant par
la dernidre page qui comporte une telle

empreinte.

Un des symboles suivants apparaitra sur la

dernidre image de cheque microfiche, selon le

cas: le symbole —•> signifie "A SUIVRE ", le

symbole V signifie "FIN".

Les cartes, planches, tableaux, etc., peuvent dtre
filmds d des taux de reduction diffdrents.

Lorsque le document est trop grand pour dtre
reproduit en un seul cliche, il est filmd d partir

de I'anglb supdrieur gauche, de gauche d droite.

et de haut en bas, en prenant le nombre
d'images ndcessaire. Les diagrammes suivants
iilustrent la mdthode.

rrata

:o

pelure.

3
32X

1



VKdKTATION OF TIIK nKVONMN*N IT. moD-
IlKSTOlir.D.



J2^

ACADIAN GEOLOGY.

THE

GEOLOGICAL STRUCTURE,
ORGANIC REMAINS, k^^ MINERAL RESOURCES

OK

NOVA SCOTIA, NEW BRUNSWICK, AND PRINCE

EDWARD ISLAND.

BY

JOHN WILLIAM DAWSON, M.A., LL.D., F.R.S., F.G.S.,

AmJI^.v r "' ™' ^"""-''^ "" ''^™''^'' ''^'^'"^«^' -"'-A°«.-P.n*
i
FEU.OW OK THEAMKRICAK ACALEMV OF ARTS AN'D £ lE.VCES, AMD OETHE AMERICAN PHILOS.,PHI''AL

society; FOBEION CORHE8PONDINO FELLOW OF THE GEOLOGICAL 80CIETV
OP EDINBURGH

; HONORARY MEMBER OF THE BOSTON SOCIETY OK
NATURAL HISTOEV; ETC., ETC.

SECOND EDITION, REVISED AND ENLARGED.

WITH A GEOLOGICAL MAP AND NUMEROUS ILLUSTRATIONS.

MACMILLAN AND CO.
EDINBURGH

:
OLIVER AND BOYD, TWEEDDALE COURT.

HALIFAX: A. AND W. MACKINLAY. MONTREAL: DAWSON BROTHERS.

1868.



*«

COPYRIGHT SECURED ACCORDING TO ACT OF PARLIAMENT.



TO

SIR CHARLES LYELL, Bari., M.A., F.R.S.. Etc.

My dear Sir,

After an interval of twelve years, it

affords me much pleasure to renew the dedication of this

work to you
J and in doing so to repeat my grateful ac-

knowledgments, for the kind aid and encouragement extended

to me as a young geologist, and for the friendly interest

which you have ever manifested in the labours of my riper

years.

I am,

With sincere gratitude and respect.

Yours faithfully,

J. W. DAWSON.





PREFACE TO THE SECOND EDITION.

In the Preface to the First Edition of this Work, its intention was

stated to be—to place within the reach of the people of the districts

to which it relates, a popular account of the more recent discoveries

in the Geology and mineral resources of their country, and at the

same time to give to geologists in other countries a connected view

of the structure of a very interesting portion of the American conti-

nent, in its relation to general and theoretical Geology. In the Edition

now issued, it is hoped still more completely to fulfil this design, with

reference to the present more advanced condition of knowledge.

With regard to the purely local Geology, the author has en-

deavoured to convey a knowledge of the structure and fossils of the

region in such a manner as to be intelligible to ordinary readers, and

has devoted much attention to all questions relating to the nature and

present or prospective value of deposits of useful minerals. It is

proper to add that, as he has no pecuniary interest in the mines of

the Acadian provinces, and has received no public aid in furtherance

of his explorations, he has had no inducement to write otherwise than

impartially ; and where he may appear to give undue prominence to

one district in comparison with another, this is merely because his

descriptions are necessarily limited by the scope of his opportunities

of observation. When he makes positive statements as to the eco-

nomical value of deposits of useful minerals, these may be relied on

as the results of his inquiries as to the facts ; and in all cases of un-

certainty, he has endeavoured to avoid everything likely to lead to

unfounded hopes or baseless speculations. It has been a source of

much gratification to him to find that the First Edition of this Work

,?
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has had an important influence on the recent rapid development of

the mineral reHourccs of his native country ; and he hopes that the

present Edition will prove still more extensively useful ; and, in any

case, that it will be received in the spirit in which it is offered, as a

contribution toward the progress of Acadia, from one of her sons.

In theoretical Geology, the following may be mentioned as points

of general interest more fully discussed in this Edition, or which have

been introduced into it for the first time :

—

(1,) The Pre-historic Human period in Acadia, in comparison

with that of Europe.

(2.) The character and origin of the Boulder Clay and Surface

Glaciation, in connexion with prevailing theories on these subjects.

(3.) The Flora of the Carboniferous period, more especially with

reference to the affinities of the several genera of plants, and their

relative importance in relation to the formation of Coal—a subject

which will be found more fully illustrated in this work than in any

previous publication.

(4.) The still more curious and ancient Devonian Flora as dis-

played in New Brunswick.

(5.) The Land Animals of the Carboniferous and Devonian periods,

of which Acadia has afforded so many examples.

(6.) The peculiarities in the nature and age of the Auriferous

Deposits of Nova Scotia.

(7.) The remarkable Primordial Fauna of Southern New Brunswick,

and the peculiar development of the Lower Silurian in the eastern

slope of North America.

(8.) Descriptions and illustrations of Fossils from the various

formations.

I may add that I shall have occasion to show, in the following

pages, that the rocks of Acadia have, among other important addi-

tions to geological science, contributed the first known indications of

Carboniferous Reptiles,* and the only known Carboniferous Enalio-

saurian, the only Carboniferous land Shells known, the first Carbon-

iferous Myriapod, the first Devonian Insects, the only well charac-

terized Primordial Fauna in America, and the richest known Devo-

nian Flora.

* 1842, see page 354.
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Twelve yoarci ago, when the First Edition of this Work was issued,

the cultivators of geological science in Acadia were few, and most of

these have passed away. Dr Kobb, J)r Gesncr, Professor Chipman,

Dr Harding of Windsor, and Dr Webster of Kentville rest in tho

grave ; and Mr Brown of Sydney has left the scene of his labours for

an honourable retirement in his native country. But others have

arisen in their room, and it has been my good fortune to enjoy the

friendship, and to profit by the correspondence, of nearly all these

more recent Geologists of the Acadian provinces. I may here mention

.specially, as among those who have aided me in the preparation of

this edition,—L. W. Bailey, M.A., the worthy successor of Professor

Robb in the chair of Natural History in the university of New Bruns-

wick; Rev. Dr Honeyman, F.G.S., Provincial Geologist, Nova

Scotia; H. How, D.C.L., Professor of Chemistry in King's College,

Windsor ; G. F. Matthew, Esq., of St John's, New Brunswick ; Pro-

fessor C. F. Hartt, M.A., formerly of St John's, now of the Vassar

College, New York ; Henry Poole, Esq., of Glace Bay, Cape Breton
;

W. Barnes, Esq., Mining Engineer, Halifax ; and J. Campbell, Esq.,

of Halifax. The names of other contributors will be found men-

tioned in the Explanation of the Map, and in various places in the

body of the AV^ork.

It will also be observed in the list of publications in Chapter I.,

that, in addition to the previous labours of Lyell and Logan, several

Geologists from abroad have, in recent years, aided in the work of

geological exploration in Nova Scotia and New Brunswick. Among
these are Hind, Lesley, Silliman, Hitchcock, and Marsh. Acadian

Geology is also indebted to Hall, Davidson, Billings, Hartt, and

Scudder, for labours of great value in the department of Pala3ontology,

some of them kindly undertaken at the request of the author.

I have endeavoured to acquaint myself with the labours of all these

cultivators of Acadian Geology, and to refer to them in every case

where I have availed myself of the results of their researches. If in

any respect I have failed duly to appreciate their investigations, or

have misunderstood their conclusions, I shall be glad to make amends

in any way in my power. .

While the progress made in the Geology of Acadia since the publi-

cation of the First Edition of this Work is most satisfactory, it also

I
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BUggestn the fact that the prcHeiit Edition, probably the last which the

author will bo permitted to issue, merely marks a stage in that

progress ; and that the time will soon arrive when its imperfections

will bo revealed by the discovery of new facts, when many things now

uncertain may have become plain, and when some things now held

as certain will be proved to have been errors. When that time shall

come, I trust that those who may build on the foundations which I

have laid, if they shall (iiid it necessary to remove some misplaced

stone or decaying beam, will make due allowance for the difficulties

of the work, and the circumstances under which it was executed.*

Many portions of the Work arc intended only for reference. I

would therefore advise the reader, when he finds his progress arrested

by a dry catalogue, a sectional list, or descriptions of fossils, to pass

on to the next readable portion. Should ho meet with terms or

allusions which arc not intelligible, by referring to the (Jeneral Index

ho will find their explanation in some other portion of the Work. The

Index will also bo found very useful to those who desire to refer to

tho structure of particular localities, the description of fossils, or the

notices of useful minerals. A " Classified List of Illustrations,"

an " Index to Economic Geology," and an " Index to Subjects in

General Geology," have been added to the Table of Contents, in order

to facilitate such reference.

The lovers of the lighter kind of scientific literature may be

disappointed in not finding in this work any incidents of travel or

illustrations of tho aspects of social life in Acadia. I have been

obliged by the pressure of graver and more important matter to resist

all teinptivtion to dwell on these ; but may perhaps find some future

occasion to introduce the public to the incidents and adventures of

my geological excursions.

Some explanation may be necessary as to the use of tho terms

Canada and Acadia in this volume. While the Work was in pre-

paration, that political change was inaugurated whereby the name of

* In connexion with the latter, I think it only just to myself to state that my note-

books contain a large amount of local geological detail, which, however appropriate in

the Reports of a Survey, could not be inserted in a Work of this description ; and that

in the following pages a few lines must often represent facts collected in the arduous

labour of days or weeks. Much matter will also be found in the papers which I have
published, more especially in the Journal of the Geological Society of London, and
which it has been impossible to reproduce here.
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Upper Canada was clmngod to Ontario, that of Lower Canada to

Ouebcc, and tlio name Canada was extended hy the lm))onftl I'arliainont

to tlio whole Dominion, including New llninswiek and Nova Scotia.

This change of nonionclature the author has found it iMi|ioH8ible fully

to adopt, in consequence of the necessity estahlished hy stubborn

geological facts, of comparing Acadia collectively with the remaining

provinces of the Dominion of ('anada. Tho reader will therefore

kindly understand, that wherever in the fcdlowing pages tho terms

Canada and Acadia arc used in contradistinction, tho former includes

the provinces of Ontario and Quebec, the latter the provinces of New

Hrunswiek, Nova Scotia, and Prince Kdw,. ,' Fslaud. In other words,

for the piu'poses of this volume, I regard Jie Dominion of Canada,

with Prince Edward Island, as divisiHo into tho two nilural rcgioub

of Canada I\ope.r and Acadia.

I may add that, tliough, as a Nova ' 'otian, I must sympa-

tliizo with the natural indignation o( iny countrymen, in view

of the hasty and, I fear, ill-advised Imperial legislation which has

deprived thein, for tho present at least, of tiieir cherished provincial

independence and dii-ect connexion vitli the mother country, ilikI hajj

attached them to tho new and untried Canadian *' Dominion," I shall

rejoice if the confederation shall result in the cfl'octual extension of

tho labours of tho Canadian Geological Survey, under the able

management of my friend Sir AVilliam E. Logan, to the whole of

IJritish America : a union for scientific purposes, open to none of the

objections which may be urged against the recent political changes,

and wliich I strongly advocated in my First Edition.

For myself, I confess that at an earlier period of my life it was a

cherished object of ambition with mo, that it might be my lot to work

out in a public capacity the completion of some, at lea.st, of the de-

partments of geological investigation opened up to me in my native

province ; but it has been otherwise decreed ; and however I may

regret tho want of that extraneous aid, which would have enabled mo
to devote myself more completely to original researches, by which

my own reputation and the interests of my country might have been

advanced, I am yet thankfal that I have been enabled to do so much

by my own unaided resources, and that I have also been able to assist

i
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and encourage others, who may now cany on the wovk more effectually

in connexion with an organized Geological Survey.

The numerous additional Illustrations in this Edition have been

engraved by Mr J. II. Walker of Montreal, principally from my own

drawings or from photographs. The post-pliocene fossils ai'c from

figures in the Canadian Naturalist; the Carboniferous Brachlopods

have been copied from Mr Davidson's figures ; the Devonian Insects

are from drawings by Mr Scudder ; and the Primordial Fossils have

been drawn by Mr Smith of the Geological Survey of Canada. By

reference to the Classified List of Illustrations, it will be seen that

more than two hundred and fifty species of fossils have been figured

;

and I have added a note referring to the Memoirs which contain illus-

trations of those new species of fossils noticed but not figured in this

Work.

In the Explanation of the Geological Map will be found references

to the authorities consulted in its preparation.

M'GiLL CoLLEUE, Montreal, 1868.



EXPLANATION OF THE GEOLOGICAL MAP.

The Map \n this Edition, though greatly improved, is still to be re-

garded as merely a rude approximation to the truth, and the colouring

in many places, more especially in the interior, remote from the coast

lines, is little more than conjectural.

Witii the penniGsion of Sir W. E. Logan, I have adopted the scale

and geographical lines of his large Geological Map of Canada, in

which he has spared no pains to obtain the most accurate representation

possible of the coast and river lines. To Sir William's Map I am

also indebted for the geological lines of the part of the province of

Quebec included in my Map, as well as for the geology of portions of

the state of Maine and of the province of Newfoundland, in regard to

which Sir William has carefully collated and harmonized the observa-

tions of Professor Hitchcock and Mr Murray with his own work in

Canada. For the geology of New Brunswick I am indebted, in

addition to my own observations, principally to the published Maps

of Professor Robb, Professor liailcy, and Mr Matthew, and to MS.

Maps and Notes on the limit lines, kindly communicated by Professor

Bailey. I have also consulted Professor Hind's Preliminary Report, as

to the limits of formations, more especially in Northern New Bruns-

wick, and have availed myself of the reduction of all these observations

by Sir William Logan for his Map. In preparing the General section,

I have been guided, in so far as New ]}runswick is concerned, by

a MS. section constructed by the late Professor liobb, and communi-

cated to me by his brother, Mr C. Robb of Montreal. I have coloured

the little-kno^, n island of Grand Manan, from notes kindly given to

me by Professor A. E. Verrill of New Haven, and which I publish

in the Appendix. It is, however, doubtful whether the formations

ill
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occurring on this island are Lower and Ui)pcr Silurian or Upper Silu-

rian and Devonian.

In Nova Scotia I have, as heretofore, trusted principally to my own

observations, and to those of Mr Brown in Cape Breton. Valuable

corrections of limit lines have been received from Rev. Dr Iloneyman,

F.G.S. ; and I am indebted to Mr J. B. Moore of Montreal, Mr Poole

of Glace Bay, Mr Mosely of Halifax, and other friends, for MS. Maps

and Sections illustrating the distribution of the Coal fonnation in

Pictou and Cape Breton. I have also, on the Carboniferous districts,

consulted the Reports of Professor Lesley and Mr Lyman, and many

reports made in the interests of the several Coal Companies.

The Laurentian and Huronian formations in Southern New Bruns-

wick are given according to the latest observations of Mr Matthew

and Professor Bailey. Some uncertainty may be supposed to rest on

the precise equivalency of these beds with the formations so named

in Canada ; but that they are below the base of the Silurian, and that

they correspond in mineral character with the Laurentian and Huronian,

cannot be disputed.

Tiie boundaries of the Lower and Upper Silurian, more especially

in Northern and Western New Brunswick, and in Western Nova Scotia

and Cape Breton, are still very uncertain, and the limits of the igneous

veins and masses occurring among these altered beds are only va/jUely

known. One colour has been employed to represent all the intrusive

rocks associated witli the formations older than the Trias. The most

important of these is the Granite of the age of the Newer Devonian

;

but there are also numerous dikes and masses of Syenite, Diorite,

Compact Felspar, Porphyry, and Dolerite, some of which may be newer

and others older than the Granite. I have endeavoured to indicate

some of the more important of these ; but there are numerous others

of minor dimensions which I have not attempted to delineate ; as

they could be given correctly only on a large scale, and after more

minute surveys of their courses and extent.

In Northern New Brunswick, both Professor Hind and Professor

Bailey state that the granitic rocks constitute several bands, tra-

versing the Lower Silurian; but as I do not know the limits of

these bands, I have adhered in the main to the colouring on Logan's

Map. lu Nova Scotia, also, I have no doubt that whenever a detailed
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Map shall be prepared, showing the courses and limits of the quartzite

and slate bands, of the gneiss and mica-slate, and of the many irre-

gular dikes and masses of granite and other eruptive rocks, it will

present an appearance marvellously intricate and complex, in com-

parison with the broad colouring of the present Map. In the

meantime, I have been enabled to improve the limit lines formerly

given, by reference to the papers of Dr Iloncyman, and the Reports

presented to the Government of Nova Scotia by Mr Poole and Mr

Campbell, to which I may also refer for a great number of minor

details of distribution which I could not introduce in the Map,

The only area in Nova Scotia coloured as Devonian is that of

Nictaux and its vicinity in the west. There are, however, at and near

the limits of the Silurian and Carboniferous, in the eastern part of the

province, many spaces which may be of this age, but which I am not

able to separate from the Upper Silurian and Carboniferous, and have

therefore left as in the former Map. Areas of this kind occur in

Colchester, in Pictou, and, according to Dr Honeyman, in Antigonish,

and have been mentioned in the text, though I must leave their

delineation on the Map to future and more detailed researches. In

the Carboniferous areas I have thought it best not to adopt, as in

many recent Maps, a distinct colour for the Lower and Upper Car-

boniferous ; but have included the whole under one tint, as constituting

one great geological system. The propriety of this will, I think, be

obvious, when it is considered that the lines of separation between the

subdivisions of the Carboniferous are not sharp and definite, that

marine beds coeval with the Coal formation may readily be confounded

with the true Lower Carboniferous, and that new discoveries are

constantly being made, which show that more local intermixture of

the several members of the Carboniferous exists than had been sus-

pected. The boundary of the Lower Carboniferous has, however,

been indicated by a dotted line, and special marks show the position

of the principal beds of marine limestone, and of the more important

beds of coal.

Considerable beds of interstratified trap occur in the Lower

Carboniferous of Nova Scotia and New Brunswick. They are in-

cluded under the general colouring, in consequence of their small

superficial extent, and the uncertainty of their limits. The only

1
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exception is a remarkable band, probably of this age, extending around

the Bay de Chaleur, and which is given after Sir William Logan.

Many similar beds of trap are believed to exist on the northern margin

of the Carboniferous area of New Brunswick.

The northern part of the General Section does not coincide precisely

with that of the Map, in consequence of the introduction of several

trappean masses not indicated in the colouring of the latter. These

are given as they occur in Dr Robb's Section, and may represent inter-

stratified igneous rocks. I have thought it best to leave them as

given by Professor Robb, not having myself explored the district.

I may also state that the General Section attached to the Map is

intended to give the arrangement of the formations on the large scale

only, and makes no pretension to represent the numerous minor

undulations and fractures.
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ACADIAN GEOLOGY.

F",

CHAPTER I.

THE NAME " ACADIA " GEOLOGICAL BIBLIOGRAPHY OF THE ACADIAN

PKOVINCES.

The old and beautiful name Acadia or Acadie, by which Nova Scotia,

New Brunswick, and the neighbouring islands were known to the

early French colonists, though it has a classic look and sound, is

undoubtedly of aboriginal origin. Long before I was aware that

any doubt or controversy existed as to its derivation, it was explained

to me by an ancient Micmac patriarch named Martin St Pierre, or,

as he pronounced it, " Maltun Sapeel," who used to visit my father's

house, asking alms, when I was a boy. According to him, the name

signifies " Plenty here," and he illustrated this by the word Shuben-

acadie, which still remains as the name of one of the principal rivers

of Nova Scotia. Shuben, he said, or " Sgab^'n," means ground-nuts,

or Indian potatoes ; and Shubenacadie, a place where ground-nuts are

abundant. On the authority of this venerable Micmac philologist,

I gave, in the first edition of this work, the following explanation

of the term :

—

" The aboriginal Micmacs of Nova Scotia, being of a practical turn

of mind, were in the habit of bestowing on places the names of the

useful things which could be found in them, afhxing to such terms

the word Acadie^ denoting the local abundance of the particular

objects to which the names referred. The early French settlers

appear to have supposed this common termination to be the proper

name of the country, and applied it as the general designation of the
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region now constituting the provinces of Nova Scotia, New Brunswick,

and Prince Edward Island, which still retain Acadia as tlieir poetical

appellation, and as a convenient general term for the Lower Provinces

of British America as distinguished from Canada. Hence the title

"Acadian Geology " is appropriate to this work, not only because that

name was first bestowed on Nova Scotia, but because the structure

of this province, as exposed in its excellent coast sections, furnishes

a key to that of the neighbouring regions, which I have endeavoured

to apply to such portions of them as I have explored."

I find, however, that the Commissioners on the Settlement of the

North-eastern Boundary had previously given a very different explana-

tion of the name. They say, as quoted by Prof. Hind :

—

*

"The obscurity which has been thrown in past times over the

territorial extent of Acadia, that country of which De Monts re-

ceived letters patent in 1603, was occasioned by not attending to

the Indian origin of the name, and to the repeated transfer of the

name to other parts of the country to which the first settlers after-

wards removed. Even before the appointment of De la Roche, in

1598, as Lioutenant-Gencral of the country, including those parts

adjacent to the Bay of Fundy, the bay into which the St Croix

empties itself was known to the Indians of the Moriseet (Maliseet)

tribe, which still inhabits New Brunswick, by the name Peska dum
quodiah, from Peskadum, fish, and Quodiah, the name of a fish

resembing the cod,"—which fish is supposed to be that known as

the " Pollock."

They further state that the French softened this word Quodiah

into Quadiac, Cadie, and finally Acadie, while the English have

changed it into Quoddy, as in the well-known name Passamaquoddy,

still applied to the bay above mentioned. Independently of the

natural objection of an Acadian to believe in the derivation of this

honoured and euphonious name from a word meaning a kind of

cod-fish, I had great doubts as to the correctness of this etymo-

logy in any respect ; and with the view of fortifying myself in the

belief of the derivation of my old friend St Pierre, I have applied

to the Rev. Mr Rand of Hantsport, Nova Scotia, whose acquaint-

ance with the Micmac and Maliseet languages is second to that of

no man living, and am happy to say that he confirms my previous

opinion, and illustrates it in many curious ways, so that we need not

any longer speak of the meaning and origin of the name Acadia as

doubtful.

Mr Rand informs me that the word, in its original form, is Kady
* Report on Geology of New Brunswick.



THE NAME " ACADTA."

or Cadio, and that it is equivalent to "region, field, ground, land, or

place
;

" but that when joined to an adjective, or to a noun with the

force of an adjective, it denotes that the i)lacc referred to is the

appropriate or special place of the ol)jcct expressed by the noun or

noun-adjective. Now, in Micniac, adjectives of tiiis kind arc formed

by sullixing " a " or " wa " to tiic noun. Thus, in the word before

quoted, Si-(julhitn is a groiuid-nut ; Srr/iibbuna, of or relating to ground-

nuts ; and Scgubbuna-fcaddy is the place or region of ground-nuts, or

the j)lace in which these are to be found in abundance. Tlie ft)llowing

may be given as examples of actual Indian names formed in this

way ;—

Sonna-Kaddij {Siinaradie)—Place (jf cranberries.

Kata-Kaddy—Eel-ground.

I'ulluk-Kaddy (Tracadie)—Probably place of residence ; dwelling-

place.

Skudahimoochwa-Kaddy—Ghost or spirit land—is the somewhat

difficult name of a large island in the Piras d'Or Lake, once used as

a burial-ground.

Bima-Kaddi/ (Bunacadie or P)Cnacadie)—Ts the place of bringing

forth ; a place resorted to by moose at the calving-time.

kiegoonuma-Kaddii—Place of Gaspereaux, Gasiiercau or Alewife

River.

According to Mr Rand, Qiindiah, or Codiah, is merely a modification

of Kaddy in the language of the Alaliccets, and replacing the other

form in certain compounds. Thus :

Nuoda-Ku-oddi/ (Noodiquoddy or AYinchelsea Harbour)—Is place

of seals, or, more literally, place of seal-hunting.

Kookejoo-Kicoddy—Giant-land, or land of giants.

Boonamoo-Kicoddij—Tom-cod ground
; and, lastly,

—

restumoo-Kwoddtj— Pollock-gnnind ; which brings us back to

Passamaquoddy, and to the learned derivation of the Commissioners,

who, as nnsuccessful in etymology as in the just settlement of the

boundary, have merely changed the meaning of the first component

of the word into a general term for fish, and have taken kwoddij for

the equivalent of pnUock, very likely because its sound resembled

that of cod, or because some Malicect Indian had rendered the name
into his imperfect English by the words " Pollock fish here."

So much for the etymology of Cadle or Quoddy ; now as to its applica-

tion to the large region known as Acadia. Two explanations may be

given of this. First, the name may be a mere alteration, as suggested

by the Commissioners, of that of the bay which lay at the western

I <1
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extremity of Acadia, and whoso aboriginal people were called by the

Engli.sh tlio Unoddy Fiidians, perhaps because of tlic frequent occui'-

rcncc of the word in thoir names of places. Tliis name remains

in Quoddy Head, the last point of the United States next to Acadia.

Secondly, the name, as suggested by me in the first edition of "Acadian

Geology," may have originated in the frequency of names with this

termination in tlie language of the natives. The early settlers were

desirous of iid'ormation as to the localities of useful productions, and

in giving such information the aborigines would require so often to

use tlic term "Cidie," that it might very naturally come to be

regarded as a general name for the country. I still thuik the latter

explanation the more probable.

Acadia, therefore, signifies primarily a place or region, and, in

combination with other words, a place of jdcnty or abundance.

Thus it is not only a beautiful name, which should never have been

abandoned for such names as New Brunswick or Nova Scotia, but it

is most applicable to a region which is richer in the "chief things of

the ancient mountains, the precious things of the lasting hills, and

the precious things of the earth and of the deep that coucheth

beneath," than any other portion of America of similar dimensions.

Ficrther, since by those unchanging laws of geological structure

and geographical position which the Creator himself has established,

this region must always, notwithstanding any artificial arrangements

that man may make, remain distinct from Canada on the one hand,

and New England on the other, the name Acadia must live ; and I

venture to predict that it will yet figm'e honourably in the history of

this western world. The resources of the Acadian provinces must

necessarily render tliem more wealthy and populous than any area of

the same extent on the Atlantic coast, from the Bay of Fuudy to the

Gulf of Mexico, or in the St Lawrence valley, from the sea to the

head of the great lakes. Their maritime and mineral resources

constitute them the Great Britain of Eastern America ; and though

merely agricultural capabilities may give some inland and more

southern regions a tempoi-ary advantage, Acadia will in the end

assert its natural pre-eminence.

The above considerations justify me in retaining the title of

" Acadian Geology " for the present edition of this work, notwith-

standing that the name has been overlooked in the new political

constitution recently bestowed on Acadia and Canada by the Parlia-

ment of Great Britain; and in which the name "Canada" is extended

over the whole of British North America. The title is farther

appropriate for a work of this nature, from the circumstance that the
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Acadian provinces form a well-marked geological district, distin-

guished from all the neighbouring parts of America by the enormous

and remarkable development within it of I'ocks of the Carboniferous

and Triassic systems.

Nova Scotia, which is in a geological point of view the most

important of the Acadian provinces, has not enjoyed the full benefit

of a public geological survey, though some preliminary explorations

have been made under the auspices of the (Government. Yet, its

mineral resources have been very extensively developed by mining

enterprise, its structure has been somewhat minutely examined, and

it has afforded some very important contributions to our knowledge

of the earth's geological history. Circumstances of a political

character, rather than any want of liberality or scientific zeal on the

part of the people, have delayed the public and systematic exploration

of the geology and mineral resources of the country ; while the pos-

session of useful minerals, deficient in all the neighbouring regions,

has made it of necessity one of the most important mining districts in

North America. Unfortunately, in one sense, for the colony, its

abundant mineral wealth attracted attention at a period when the

Government of the mother country was not actuated by the liberal

spirit that now characterizes its dealings with its dependencies, and

when the rights of the colonists were not so jealously or ably guarded

as at present. The valuable minerals were reserved by the Crown,

and were leased to an association of British capitalists, who opened

the principal deposits of coal, and largely exported their produce, and

some of whose agents have zealously and successfully aided in explor-

ing the geology of the country. The Provincial Legislature, how-

ever, evinced a very natural disinclination to expend the public money
in the examination of deposits in which its constituents had no direct

interest, and which long continued to be a fertile subject of controversy

with the mining company and the Imperial Government.

These impediments to public action on the subject of geological

exploration have now passed away. Arrangements have been entered

into between the province and the mother country, in virtue of which
the control of the mines will revert to the former on the expiry of

the lease. A recent act of the Legislature has empowered the Pro-

vincial Government to grant leases of unopened mines to private

speculators. The provincial lines of railway have opened up many of

the inland mineral districts. Valuable metallic minerals have been

discovered in localities which had escaped the reservation ; and
arrangements have been made with the General Mining Association,

which have thrown open the coal districts of the province to mining

: •• n
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enteri)rise. In all these facts there In promise that the Provincial

Government will soon find itseli'in a position to institute a thorough

scientific investigation of the structure and productions of the country,

and it is to be hoped that this will bo done by competent persons and

on a liberal scale ; and not, as has been the case in some neighbouring

colonics, in a manner too imperfect to afford trustworthy results.

The excellent survey of Canada now in progress under Sir W. E.

Logan, is a model to the other provinces in this respect ; and it la to

be liopcd that, under the new political constitutimi provided for these

colonics, its benefits may be extended to the whole of British North

America.

In the meantime. Nova Scotia may congratulate herself, that the

noble monuments of the earth's geolotric d history exposed in her

coast clitTs have induced eminent geologists from abroad to occupy

themselves with the more interesting parts of the structure of the

province, and have cherished a strong taste for geological inquiry

among her own sons ; and that nmch has thus been effected as a

labour of love, which in other countries would have cost a largo

expenditure of the i>ublie wealth. Much, no doubt, still remains to

be done, especially in those districts less fertile in facts interesting

to the naturalist ; but a glance at the list of publications in tho

following pages, is sufficient to show how much labour has been

voluntarily and gratuitously expended, as well as the importance and

Interest of the discoveries that have been made.

But though a large amount of valuable information has been

accumulated, it Is scattered through the numbers of scientific journals

and other publications, inaccessible to the general reader, and not

easily referred to by the geological student; and it is in its nature

fragm(>ntary, and incapable of affording a complete view of the structure

of the country. These considerations, and the possession of a mass of

unpublished notes which had been accumulating for fourteen years,

induced the author, in 1855, to undertake the present work, and

to believe that, In doing so, he would render an acceptable service not

only to his own countrymen and to the inhabitants of the other

Acadian provinces, but to those geologists in Britain and America

who may be acquainted with his published papers, and may desire

a more complete acquaintance with Acadian geology. Ten years

have now elaj)sed since the publication of the first edition of " Acadian

Geology." In that time a great additional quantity of geological

information has accunuilated,— the science itself has made much
progress, and a remarkable development of the mineral wealth

of the Acadian provinces has occurred. The author has, it is true,
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boon removed in the meantime from the scene of his former labours,

and now dwells in the great Silurian })hun of Lower Canada ; but

he still retains a lively interest in the geology of his native province,

and lias endeavoured to carry forward to completion some of the

subjects left uuHiiished in 1855, and to acfiuaiiit iiimsclf as far as

possible with the results of the researches of other observers.

In the edition of 1S55, Nova Scotia was not only taken ns the

typical region for the whole of the Acadian provinces; but the scope

of the work was in a great degree limited to that province. In the

present edition it has become necessary to take a wider range, more

especially in reganl to New Brunswick, since the researches of Dr

Hobb, Professor Bailey, Mr Matthews, Mr llartt, and Professor

Hind, have developed to a remarkable extent the geology of the

latter province, and have disclosed there some geological formations

of great importance not as yet recognised in Nova Scotia.

The earliest account of the geology of Nova Scotia with which I

am acquainted, is contained in an elaborate pai)er in Silliman's

American Journal of Science for 1828, by C. T. Jackson and

F. Alger, I'^sqs., of Boston, United States. Messrs Jackson and

Alger directed their attention i)rincipally to the trap and red sandstone

formations of the western districts, and the interesting crystallized

minerals contained in the former ; but tliey also gave a tolerably

correct view of the distribution of the rock formations throughout

the province, and made the earliest attempt to represent them on

a geological map. Their determinations of the minerals of the trap

district a/ ; accurate, and their catalogue of these minerals still admits

of little extension. This paper was published in a separate form in

1882.

An important addition was made to the geology of the province in

1829, in a chapter contributed to Ilaliburton's History of Nova Scotia,

by Messrs Brown and Smith, then exploring the province on behalf

of the General Mining Association ; and the former of whom has

subsequently been one of the most successful investigators of tlie

geology of the coal formation. The article in llaliburton relates

principally to the eastern districts, and is chiefly remarkable as

containing the most accurate views of the development of the cra'bo-

niferous system in Nova Scotia promulgated previously to the visit of

Sir Charles Lyell in 1842.

In 1836, a volume, entitled " Remarks on the Geology and

Mineralogy of Nova Scotia, " by A. Gcsner, F.G.S., was published in

Halifax, and was the first work on the local geology extensively circu-

lated in the province. This work was in great part a popular resume of
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the previously i»iil)li,HliC(l diHcovcrics of .fackson (iiul Alger, but with

many adilitiniitil facts collcctcil l)y it.s aiitlinr in tlit! course of careful

exauiiiiations of tlio coasts of the Hay of Fumly, and more hurried

journeys in other parts of the provinee. (icsuer's work was of great

Hervico in directing popular attention within tlie province to the subject

of geology, and it is still an excellent guide to the localities of in-

teresting mineral specimens. "The Industrial Kesuurces of Nova
Scotia," a second work by the same author, was publisiied in 1819.

In 18 J 1, Sir W. K. Logan, now provincial geologist of Canada, made

a short tour in Nova Scotia, and contril)Utcd a paper on the subject to

the (ieological Society of J^oiidon. In 1H4H, in passing through Nova
Scotia on his way to Canada, he visited the South Joggins, and

executed the remarkable section which he published in 181.') in his

first IJeport on the (ieology of Canada. This section, which includes

detailed descriptions and measurements of more than fourteen thou.sand

feet of beds, and occupies sixty-five octavo l)ages, is u remarkable

monument of his industry and powers of ob.servation, and gives a

detailed view of nearly the whole thickness of the coal formation of

Nova Scotia.

The year 1842 form.s an epoch in the history of geology in Nova
Scotia. In that year Sir Charles Lyell visited the province, and

carefully examined some of the more difficult features of its geological

structure, which had baffled or misled previous inquirers. Sir Charles

also performed the valuable service of ])lacing in communication with

each other, and with the geologists of Great Uritain, the inquirers

already at work on the geology of the province, and of stimulating their

activity, and directing it into the most profitable chainicls. The writer

of the present work gratefully acknowledges his obligations in these

respects. The results obtained by Sir Charles, which much modified

and enlarged the views previously intertaincd of the structure of Nova
Scotia, were communicated to tii. Geological Society, and a popular

account of them was given Vl b's "Travels in North America."

Since 1842, a great numbc. of papers on the geology of Nova Scotia

and the neighbouring provinces have been published in the scientific

journals and otherwise. The following list includes such of these as

have been consulted in the preparation of this work, arranged accord-

ing to their dates :

—

On the upright Fossil Trees found at different levels in the Coal Strata

of Nova Scotia. Lyell, Geol. Proc. iv. pp. 176-178.

On the Coal Formation of Nova Scotia, and on the Age of the Gypsum.

Lyell, ibid. pp. 184-186.

•a«
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A (ipolof^ical Nfnp of Nova Scotiii. IJy A. Ocsnt-r, (icol. I'roc,

p. 186. 4to map.

Geologicftl Kxcurfsion in IVinec Kdwaril Island, .f. W. Dawson,

Has/ard's (Jazctto, IHlJ.

Gcdlugical Survey of New llnniswick. A. (Ii'snor. 18;i9-18t3.

On tlic (Jcology of Capo Hroton. K. Mrown, Journal of (Jeol. Society

of London, i, p. 2.'5. 4 woodcuts.

On till' T.Dwer CarlxMiifcroiis or (Jypsiforou.s Formation of Nova Scotia.

J. W. iJawsnu, //;;(/. p. 20. G woodcuts.

On the Geology of Cape IJreton. II. UroAvn, ibid. p. 207. 3 wood-

cuts.

On tlio Newer Coal Formati(m of the l^astorn part of Nova Scotia.

Dawson, i/jitl, p. 3;J2. 'Ito map, l woodcuts.

Report on the Geology of Prince Kdward Island. A. Gcsner. 1840.

Notice of some Fossils found in the Cnal Formation of Nova Scotia.

Dawson, (Jeol. .Journal, ii. pp. 132-1.'{<;. 1 woodcut.

Notes on the Fossils commuiiicated by Mr Dawson. IJunbury, ibid.

pp. 130)-! 39. 1 8vo plate,

(hi a group of (uect Fossil Trees in the Sydney Coal Formation, Capo

IJrcton. Ii. Urown, ibid. pp. 393-390. 3 woodcuts.

Report on the Coal Fields of Caribou Cove and Itiver Inhabitants.

Dawson, Journals of the Legislature of Nova Scotia, 18-16.

On the IJoulder Formation and Superficial Drift of Nova Scotia.

Dawson, Abstract, Proceedings of the Royal Society of Edinburgh,

1817.

On the Mode of Occurrence of Gypsum in Nova Scotia. Dawson,

Abstract, ibid. 1847.

On the Gypsiferous Strata of Cape Dauphin, Cape Rrcton. R, Brown,

Geol. .Journ. iii. pp. 2")7-200. 2 woodcuts.

Description of an upright Lepidodendron, with Stigmaria Roots,

Sydney, ("ape Rrcton. R. Brown, Geol. Journ. iv. pp. 40-50. 7

•woodcuts.

On the New Red Sandstone of Nova Scotia. Dawson, ibid. pp. 50-59.

4to map and section.

On the Colouring Miittcr of Red Sandstones, and the White Beds
associated with them. Dawson, Geol. Journ. v. pp. 25-30.

On the Gyps'im of Nova Scotia. Gcsner, ibid. pp. 129, 130. 1

woodcut.

Notice of the Gypsum of Plaster Cove. Dawson, ibid. pp. 335-339.

3 woodcuts.

Description of erect Sigillariaj, Sydney, Cape Breton. 11. Brown, ibid.

pp. 354-300. 9 woodcuts.

%
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On the Lower Coal Measures of the Sydney Coal Ficlil, Cape Breton.

R. Brown, Gcol. Journ. vi. pp. 115-133. 9 woodcuts.

On the Metaniorphic and Metalliferous Rocks of the East of Nova

Scotia. Dawson, ibid. pp. 347-3Gi. 4 woodcuts

Notice of the Occurrences of upright Calamites near Pictou, Nova

Scotia. Dawson, ibid. vii. pp. 194.-196. 3 woodci ts.

On a Fossil Fern from Cape Breton. Bunbury, ibid. viii. pp. 31-35.

1 plate.

Dr Robb's Notices of the Geology of New Brunswick in Johnston's

Report. 1849.

Jackson's Report on the Albert Coal Mine (New Brunswick). 1851.

Deposition of R. C. Taylor, etc., on the Albert ^liiie. 1851.

Notes on the Red Sandstone of Nova Scotia. Dawson, Geol. Journ.

pp. 398-400. 2 woodcuts.

On the Remains of a Reptile and a Land-shell in an erect Fossil Tree

in the Coal Measures of Nova Scotia. Lyell, Dawson, Wyman,
and Owen, Geol. Journ. ix. pp. 58-67. 3 plates, 1 woodcut.

On the Albert Mine, New Brunswick. Dawson, ibid. pp. 107-115.

7 woodcuts.

On the Coal Measures of the South Joggins. Dawson, ibid. x. pp.

1-42. 25 woodcuts.

On the Structure of the Albion Coal Pleasures. Dawson; with

Journals of Exploratory Works, by II. Poole. Ibid. x. pp.

42-47.

On a Fossil imbedded in a mass of Pictou Coal. Professor Owen, ibid.

X. pp. 207, 208. Lithographic plate.

Notice of the Discovery of the above-mentioned Reptilian Skull,

Dawson, ibid. xi. p. 8.

On a ^Modern Submerged Forest at Fort Lawrence, Nova Scotia.

Dawson, ibid. xi. p. 119.

Leidy on Bnt/ii/f/nathus Bui-ecdis, an extinct Saurian of the New Red
Sandstone of Prhice Edward Island. Proc. Ac. Nat. Sci. Phila.

1854.

On the Lower Caibonifc-ous Coal Measures of British America.

Dawson, Journ. of Geol. Soc. xv. p. 62.

On the Vegetable Structures in Coal. Dawson, lithog. plates, ibid.

XV. p. 626.

On a Terrestrial Mollusk, a Millepede, and new Reptiles, from the Coal

Formation of Nova Scotia. Dawson, ibid. xvi. p. 268.

On an Undescribed Fossil Fern. Dawson, ibid. xvii. p. 5,

On I'^levations and Depressions of the Earth in North America,

Gcsncr, ibid. xvii. p. 381.

i-,;2
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On a new Starfish of the Genus Palseaster from Nova Scotlu. Billings,

woodcut, Cauad. Naturalist, v. p. 09.

On the Silurian and Devonian Rocks of Nova Scotia. Dawson,

woodcuts, ibid. v. p. 132.

On the Coal Field of Pictou. Poole, Can. Nat. v. p. 285.

On n&yr Localities of Fossilifcrous Silurian Rocks in Nova Scotia.

Honcynian, ibid. v. p. 293.

On Natro-lioro-Calcite. How, Ed. Phil. Journ., and Silliinan, 1857.

On Faroelitc and other Minerals. IIuw, ibid. 1858.

On Analysis of three new Minerals from the Trap of tho Bay of Fundy.

How, ibid. 1859.

On the Oil Coal of Nova Scotia. IIow, SlUiman's Journ., 2d (ser.

XXX. p. 74.

Notice of Additional Reptilian Remains from ',hc Coal of Nova Scotia.

Dawson, Journ. Geol. Soc. xviii. p. 5.

Note on a Carpolite and an erect Sigillaria from Novo, Scotia. Daw-
son, Journ. Oeol. Soc. xvii. p. 522.

On the Pre-Carbouiferous Flora of New Brunswick, Maine, and Eastern

Canada. Dawson, Cauad. Naturalist, vi. p. 161.

On the recent Discoveries of Gold in Nova Scotia. Dawson, ibid. vi.

p. 417.

On Natro-Boro-Calcite from Nova Scotia. IIow, Silliman's Joum.,

2d ser. xxxii. p. 9.

On Gyrolitc. IIow, ibid, xxxii. p. 13.

On tiold in Nova Scotia. Marsh, ibid, xxxii. p. 395.

Remains of an Enaliosaurian in the Coal Formation of Nova Scotia,

1 plate. Marsh, ibid, xxxiv. p. 1, , id Journal of Geol. Soc. xix.

p. 52.

On the Flora of the De 'oi.cUi Pc/iod in N.-E. America, Dawson,
Journ. Geol. Soc. xvi'" p .;9G.

On the Geology of the \ <oi^' Fie !ds of Nova Scotia, Honeyman, ibid.

xviii. p. 342.

On the Lower Carbonifcrou > Brachiopoda of Nova Scotia. David-

son, ibid. xix. p. 188.

On New Crustaceaas from the Carboniferous and Devonian Rocks of

British America. Salter, ibid. xix. p. 75.

Further Obscivations on the Devonian Plants of Maine, Gaspo, and
New York. Dawson, ibid. xix. p. 458.

On a new Species of Dcndrerpcton, and on Dcrmcii f '"^le-ing," of Fossil

Reptiles. Dawson, ibid. xix. p. 4G9.

On a new Species of I'hillipsia from Nova icotia. L»illi)i^s>, Can. Nat.
viii. p. 209.
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On the Geology of St John County, New Brunswick. Matthew, Can.

Nat. viii. p. 241.

On the Mineral Waters of Nova Scotia. How, ibid. viii. p. 370.

On the Footprints of a Reptile from the Coal Formation of Cape

Breton. Dawson, ibid. viii. p. 430.

A Lecture on Sable Island. Gilpin, Halifax, 1858.

Synopsis of the Carboniferous Flora of Nova Scotia. Can. Nat. viii.

p. 431.

On Mineral Localities in Nova Scotia. Marsh, Silliman's Joum., 2(1

series, xxv. p. 210.

On the Coal Measures of Cape Breton ; with section. Lesley, ibid.

2d series, xxxvi. p. 179.

On the Geology of Arisaig, Nova Scotia. Honeyman, Joum. G°ol.

Soc. XX. p. 33.

Notes on the Geology and Botany of New Brunswick. Bailey, Can.

Nat. new series, i. p. 81.

On Fossils of the Genus Rusichnites. Dawson, ibid. i. p. 363.

The Gold of Nova Scotia of Pre-Carboniferous Age. Hartt, ibid. vol.

i. p. 459.

Air-Breathers of the Coal Period. Dawson, ibid. 1st series, viii. p. 1,

etc. ; and in separate Work. 6 plates, Montreal, 1863.

On the Barrel Quartz of Nova Scotia. Silliman, Sil. Journal, 2d
scries, xxxviii. p. 104.

Gold Mines and Gold Mining in Nova Scotia. Pcrley, Can. Nat. new
series, ii. 198.

On the Azoic and Pala30zoic Kocks of New Bninswick. Matthew,

Journ. Geol. Soc. xxi. p. 422.

On the Albert Coal of New Brunswick. Hitchcock, Silliman's Journ.,

2d scries, xxxix. p. 267.

On the Conditions of Accumulation of Coal, and on the Coal Flora of

Nova Scotia and New Brunswick. 8 plates. Dawson, Joura. Geol.

Soc. xxii. p. 95.

On Characteristic Fossils of the Coal Seams of Nova Scotia. Poole,

Trans. N. S. Inst. i. p. 30.

Gold and its Separation from other Metals. Gesner, ibid. p. 54.

On a Trilobite from the Lower Carboniferous Formations of Nova
Scotia. How, ibid. 87.

On the Waters of the Mineral Springs of Wilmot. How, ibid. ii. p. 26.

The Rocks in the Vicinity of Halifax. Gossip, ibid. p. 44.

Notes on the Economic Mineralogy of Nova Scotia, parts 1, 2, and 3,

How, ibid. p. 78.

On some Brine Springs of Nova Scotia. How, ibid. p. 75.
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Reports of the Chief Commissioner of Mines, Nova Scotia, 1863 to

1866.

Contributions to the Mineralogy of Nova Scotia. How, Lond. Ed.

and Dub. Phil. Maga. 1866.

Reports on Minerals collected in Geol. Surveys by authority of the

Provincial Government. How, Journals of Assembly of Nova
Scotia, 1862-65-66.

Report on Nova Scotia Gold Fields; and section. Campbell, Halifax,

1863.

Observations on the Geology of Southern New Brunswick. Map
and section. Bailey, Frederickton, 1865.

Preliminary Report on the Geology of New Bninswick. Hind,

Frederickton, 1865.

Report on the Gold Fields of Nova Scotia. Silliman, 1864.

I have endeavoured to introduce into this edition some notice of the

more important facts and conclusions contained In the foregoing

publications, along with such additional matter as my own observa-

tions have supplied. There will, however, be frequent occasion to refer

to them in the following pages for details which my space does not

permit me to introduce.

ife^r
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CHAPTER IL

GENER;> nESrRTPTION OF THE ACADIAN PROVINXES—TABULAR

, KUANGEMENT OF FORMATIONS,

Let tlio reader glu.. „ at the map, and he will readily perceive some

of the princii)al physical foaturos of the region wc have to descrihe.

Nova Scotia consists of a peninsula and island, situated between north

latitude 43° 25' and 47°, and between west longitude 59° 40' and 66°

25'; and bounded on the south-eastern side by the Atlantic, and

on the western and nortliern sides by the Bay of Fundy, New
Brunswick, and tlie Gulf of St Lawrence. The peninsular part,

Nova Scotia proper, is 250 miles in length, and about 100 in its

extreme breadth, and is attached to the mainland of North America

by a low isthmus sixteen miles in width. Its form is nearly triangular,

and its surface is occupied by several rock fin-mations, arranged for

the most part in lines corresponding with its longest or Atlantic coast

line. The insular part. Cape Breton, barely sepai-atcd from tlio

mainland by tlie narrow strait of Canscau, is 100 miles in extreme

length and eighty in breadth ; and its rock formations are similar to

those of Nova Scotia proper, though more irregularly distributed.

The three sides of the triangle formed by Nova Scotia proper are,

as seen on the map, distinguished by marked differences of outline.

That fronting the north-west is deeply indented by large arms of

the sea, separated by precipitous promontories. Tlie longest side,

that fiicing the Atlantic, is dotted witli innumerable islands, and

penetrated everywhere by small inlets and indentations. The northern

shore, fronting the Gulf of St Lawrence, is comparatively smooth

and uniform in its coast lines. This is also the character of the

eastern coast of Cape Breton; while its remaining sides are very

irregulai*, and its interior is occupied by a lake-like arm of the sea,

which, but for tlie isthmus of St Peter's, less than a mile in width,

would cut it into two parts.

It will be observed that the characters of these several coast lines,

as well as the different physical districts of the province, are well
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marked by the arrangement of the tints which distinguish the different

geological formations. The boundaries of these often coincide with

those of ranges of hills, and the general direction both of the hills

and lines of rock formation is N.E. and S.W., which is the prevailing

direction of the structure of the whole eastern part of North America.

The whole contour of the country indeed, as well as the directions of

its coasts, rivers, and hills, depends on the nature and aiTangement

of its rocks, and on the clcvatory movements to which they have

been subjected. The former determine the minor details of the

surface and the coast lines : the latter, the elevation and distribution

of the rocky masses on the great scale. For illustrations of this,

I may refer the reader to the general section annexed to the map,

in connexion with the following explanation of the colours represent-

ing the several formations.

The carmine and purple portions of the map, representing the

oldest rocks in the province—rocks partly ejected in a molten state

from the interior of the earth, and partly very ancient sediments

metamorphosed or altered by heat and other chemical agencies—extend

in an unbroken band along the whole Atlantic coast, wide at its

western end, and tapering to a point in the eastern. This belt of

country is in some parts low, rugged, and broken, and in others

boldly undulating. It is traversed by many rocky ridges, and

abounds in lakes, bogs, and streams. Its soils are often sterile and

stony, though it has also large tracts of fertile soil, supporting noble

forests, and fine agricultural settlements. Its maritime situation and

numerous harbours have made it the abode of a large fishing and

trading population ; and these advantages have also given to it the

capital of the province, and several of the most prosperous towns

and villages, while its recently discovered gold veins have added
to it in recent years great importance as a mining district. This

district is low at the Atlantic coast, and gradually rises to the height

of a few hundreds of feet at its northern limit, where it descends

somewhat suddenly to the level of the inland valleys, which, in the

greater part of its length, separate it from the district next to be
mentioned.

The very irregular bands and patches, of a blue colour, with

carmine lines and spots, also consist of altered rocks, with others of

igneous origin, poured through them from beneath ; but the whole of

somewhat later age than the rocks of the Atlantic coast. This

district consists in great part of elevated ridges. It includes the

highest and most continuous hills in the province, none of which,

however, exceed 1200 feet in height, and the sources of all the
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principal rivers. Its hills are covered witli fertile soil, and in their

natural state support some of the finest forests in the country ; and

it includes valuable deposits of metallic minerals. Its deep ravines,

cascades, and fine wood-clothed precipices, afford the nearest approach

to picturesque mountain scenery that a country so little elevated as

Nova Scotia can boast.

The portions coloured gray or neutral tint and red represent low

and undulating districts, stretching in plains or narrow valleys

between and into the higher lands already described. The larger

of these, that coloured gray, is the great carboniferous district,

including all the valuable deposits of coal, freestone, grindstone,

gypsum, and limestone, and having fertile soils over the greater part

of its F'.i '.. e. It is therefore the principal abode of the mining,

quarrying, and agricultural population. The red district, which is of

conipaiatively small dimensions, represents the New Red Sandstone,

a later foi ..itio" covrcred by light and productive soil, and containing

some of the oldest and finest agricultural settlements.

The long crimson band, extending along the hilly district on the

south coast of the Bay of Fundy, and the isolated patches of the

same colour on the opposite side of Minas Channel and Basin, are

the most recent rocks in Nova Scotia, being masses of volcanic origin

which have been poured through the New Red Sandstone formation.

They constitute marked and picturesque features in the scenery of

the western counties, and along their flanks and on their summits

afford fertile soils and support valuable forests.

Lastly, the recent alluvium produced by the tides of the Bay of

Fundy, and forming marsh soils of almost inexhaustible fertility, is

represented by certain limited stripes and patches of a brown colour.

While, however, each of the geological formations which appear

on the map has its special influence on the contour, coast outlines,

scenery, and industiial resources of the country, there is a great

variety of minor differences within each ; for a geological formation,

though it often includes a group of rocks characterized, merely as

rocks, by many features in common, is distinguished from others,

not so much on this ground, as by the period when it was formed,

and the fossils characteristic of that period which it contains ; con-

sequently we shall often find very dissimilar conditions and mineral

productions in neighbouring parts of the same geological district.

If we turn to New Bninswick, we shall find there, with some

differences of detail, a repetition of the features of Nova Scotia on a

broader and more uniform scale. Stretching along the southern coast,

from the head of the Bay of Fundy to the frontier of Maine, is a
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belt of ancient and partially altered rocks, forming a somewhat broken

and hilly country. At the south-western extremity of the province

this belt is joined by another still more extensive, stretching south-west-

ward from the I>ay dc (.'lialeur, and forming, with the other, a gigantic

letter V, between the arms of which lies the wide triangular area

of the New Brun^vviek coal field ; while beyond the northern ann

of metamorphic and igneous rocks a plain of unaltered Silurian beds

extends to the highlands, along the south side of the St Lawrence.

The carboniferous plain of New Brunswick corresponds to, and, at

its eastern extremity, is connected with that of Nova Scotia ; and its

hilly ranges of altered and igneous rocks form, with those of Nova

Scotia, outlying ridges rudely parallel to the great Appalachian breast-

bone of America, and, like it, descending under tlie level of newer

deposits and of the sea at their north-eastern extremities. AVhere they

thus die out and leave the beautifully arched southern bay of the

Gulf of St Lawrence, bordered, from Gaspe to Cape Breton, with the

coal-bearing rocks. Prince Edward Island bends like a crescent across

their extremities, and displays its bright red shores of later age than

the carboniferous period, its low but beautifully undulating surface,

and its fertile soil unsurpassed in Eastern America.

The whole of this Acadian region is characterized, like other parts

of the Atlantic slope of North America, as distinguished from its

interior plains, by a varied and uneven surface, and by great variety

of soil and mineral products. In the latter, the Acadian provinces

are especially rich ; and in these and their maritime situation, they

bear to the inland regions of Canada much the sanie relation with

that whi>.'li the British Islands bear to the plains of Central Europe.

Nova Scotia, more particularly, is most richly endowed with coal, iron,

and gold ; and these, with its other resources, its admirable har-

bours and the hardy and intelligent population, which it possesses in

common with the other Acadian provinces, must in time make it the

England of North-Eastcrn America, and must give it an eminence in

wealth and influence altogether disproportioned to its limited area.

It is, however, of the nature of mineral wealth such as that of

the Acadian provinces, to be more slowly developed than the merely

superficial richness of the soil and forests of the great interior plains

;

and consequently this region has appeared to linger behind Western
Canada in its improvement. Its progress, however, is now very rapid,

and must proceed at an accelerated rate.

Such being the general physical features of Acadia, it belongs

to us, as geologists, to inquire into the structure of its diff'erent rock

formations, the various materials of which they are composed, the
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manner in which they were formetl, the periods of the cartli's liistory

in which they were prrxhiced, and tlie evidences tlusy iift'ord of tlic

condition of tlic eartli in those periods, the fossils wliieli are embedded

in tliom, and the nsefnl minerals which they contain. No farther

introduction will be required to enable the non-geological reader to

understand the conclusions arrived at on these subjects, as well as

in some degree the manner in which geologists reach these con-

clusions. Nattirc, wlien carefully examined and minutely described,

is her own best interpreter ; and T have cudea oured so to arrange

the subjects treated of as to lead gradually from those modern causes

and changes with which nearly all are fannliar, to the more ancient

natural processes and events, which can be understood only by calling

the modern conditions of the earth's surface as Avitnesses to prove the

nature and origin of their predecessors. Fortunately, Nova Scotia

affords in its modern deposits many remarkable parallels to the

conditions evidenced by its rock formations ; and when we fail to

discover such a.alogies within tlie province, they can generally be

obtained by a reference to other countries with which the greater

number of intelligent persons are familiar. Should any farther aid

be required, it may be obtained by a reference to any of those ele-

mentary geological works which are now so numerous and accessible.

For those reasons, I shall not detain the reader with any geological

information of a general character, other than that contained in the

following table, which shows the formations already noticed in con-

nexion with the map and sections, in their relation to the complete

geological scries, as represented in the rocks of Britain and those

of the great mainland of North America.

Tabular View of the Geological Formations of the Acadian Provinces,

compared tvith those of Great Britain, the United States, and Canada.

I. C'ain'ozoic, or JIodern and Tertiabit.

Formations recognised in the

Acadian Provinces.

K ( l'(!i)t Bogs, Lake Deposits,

gJ 1 iitervalcs, Marshes, Hand
°

(_ Dunes, etc.

Terraces, liiiised Beaches,
j

luul Gravel ilidges.

Canada.

Similar

deposits.

Saxicava
Sand.

Marine Clays of Ht John, ', Leda Clay,

etc.
j

Bnulder Clav. ' Boulder Clay.

KL'present,itives in

United States. ] Britain.

Similar deposits.

Kiver Terraces.

Champlain Clay.

Boulder Clay.

Similar

deposits.

Cave Deposits
and River
Gravels.

Marino
Clays.

Glacial Drift.

I

•
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III. rALuKOZOic, OK I'lUMAUv,— Continued.

Formations recognised in tlio

Acadian Provinces.

' Piaiit-ljcaring beds of

John, N. IJrunswick.

St

•c
3

^ "i

Sandstones of Restigouche.

Slates, Sandstones, and Iron

Ore, of Bear li., Nictaux,
etc.

' Upper Arisaig Series.

(CoDequid Mt. Series.)

Limestones, etc., of Dal-
housie and Restigouche.
New Canaan Slates, etc.

Lower Arisaig Series.

(Kingston Series, N. B.)

L

Upper Members not found.

s
a
05 < Atlantic Coast Metamor-

phic Series, and Mutamor-
phic Hand of Northern
New Brunswick.

[ St John, or Acadian Series.

= f

I ^ Coldbrook Group, N. B.

11

(Canada.

Reprcsuntatlvcs in

United States.

l'ortagei'ii( Che-

mung Series.*

Hamilton ,,

Corniferous

Limestone „
Oriskany

,,

Lower Ilelder-

berg Series.

Onondaga
,,

Guelph
,,

Niagara „
Clinton

,,

Medina „
(Anticosti Gr.)

Hudson 11. Ser.

Utica „
Trenton „
Black R. „

Chazy „
Quebec „
Calciferous.

U. Potsdam.

L. Fotsdam.

Huronian
Series.

I'ortage and
Chemung.
Hamilton.
Upper H elder-

berg.

Oriskany.

Lower Ilelder-

bcrg.

Salina,

Niagara.

Clinton.

Medina and
Oneida.

Hudson R.

Utica.

Trenton.

Black R.

Chazy.
Quebec.
Calciferous.

U. Potsdam,

L. Potsdam.

Huronian
Series.

Britain.

Up])er,

Middle, and
Lower
Devonian.

Up' & Lower
Ludlow.
Wenlock
Limestone
and Shale.

Upper and
Lower
Llandovery,

Caradoc and
Bala.

Llandeilo.

Tremadoc.
Lingula
Flags.

Longmynd
Series.

IV. Eozoic, OR Lauuestias.

i
a .
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CHAPTER III.

THE MODEKN rKUIOD.

MARSIIKS— SUnMAIUSi: rORKSTS INTKUVAMCrt— I-AKK DKPOSITS

INFUSORIAL EARTH—I-AKK MARGINS

—

ri'.AP lioris, nulFT RAND, ETC.

TiiosK parts of Nuva Scotia and New llruiiswick bordering on tlio

Bay of Fnndy ])rcscnt sonic interesting cxanipii's of marlm: alluvial

soils, wliicli, while of groat practical value to the iidiiil)itants, arc cqnally

fertile in material nf thought to tin -eologist. The tide-wave that

sweeps to the north-cast, along the Atlantic coast nf the United States,

entering the fnnnel-likc mouth of the Jlay of Tundy, becomes com-

pressed and elevated, as the sides of the bay gradually approach each

other, until in the narrower [)arts the water runs at the rate of six or

seven nnlesper hour, and the vertical riMj of the tide amounts to sixty

feet or more. In Cobeqiiid and Chicgnecto Bays, these tides, to an un-

accustomed spectator, have rather the aspect of some rare convulsion of

nature than of an ordinary daily }(hcnoincnon. At low tide, wide flats

of brown nuid are seen to extend for miles, as if the sea had altogether

retired from its bed ; and the distant channel appears as a mine stripe

of muddy water. At the connnenceinent of flood, a slight ripple is

seen to break over the edge of the flats. It rushes swiftly forward,

and, covering the lower flats almost instantaneously, gains rai)idly on

the higher swells of mud, which appear as if they were being dissolved

in the turbid waters. At the same time the torrent of red water enters

all the channels, crcek.s, and estuaries; surging, whirling, ami foaming,

and often having in its front a white, breaking wave, or " bore," which

runs steadily forward, meeting and swallowing up the remains of the

ebb still trickling down the channels. The mud flats are soon covered

;

and then, as the stranger sees the water gaining with noiseless and

steady rapidity on the steep sides of banks and clifl's, a .sense of inse-

curity creeps over him, as if no limit could be set to the advancing

deluge. In a little time, however*, he .sees that the fiat, ''Hitherto

shalt thou come, and no farther," has been issued to the great bay
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tide : its retreat commencos, and the waters rush back as rapidly aa

they entered.

The rising tide sweeps away the fine material from every exposed

bank and cliff, and becomes loaded with mud and extremely fine sand,

wliicli, as it stagnates at high water, it deposits in a thin layer on the

surface of the flats. This layer, which may vary in thickness from a

quiu'ter of an inch to a quarter of a line, is coarser aivl thicker at the

outer edge of the flats than nearer the shore ; and hence these

flats, as well as the marshes, are usually higher near the channels

than at their inner edge. From the same cause,—the more rapid

deposition of the coarser sediment,—the lower side of the layer is

arenaceous, and sometimes dotted over with films of mica, while the

upper side is fine and slimy, and when dry has a shining and polished

surface. The falling tide has little effect on these deposits, and hence

the gradual growth of the flats, until they reach such a height that

they can be overflowed only by the high spring tides. They then

become natural or salt marsh, covered with the coarse grasses and

Carices which grow in such places. So far the process is carried on

by the hand of nature; and before the colonization of Nova Scotia,

there were large tracts of this grassy alluvium to excite the wonder

and delight of the first settlers on the shores of the Bay of F'undy.

Man, however, carries the land-making process farther ; and by diking

and draining, excludes the sea Avater, and produces a soil capable of

yielding for an indefinite period, without manure, the most valuable

cultivated grains and grasses. Already there are in Nova Scotia more

tlian forty thousand acres of diked marsh, or " dike," as it is more

shortl)' called, the average value of which cannot be estimated at less

than twenty pounds currency per acre. The undikcd flats, bare at low

tide, are of immensely greater extent.

The differences in the nature of the deposit in different parts of the

flats, already noticed, produce an important difference in the character

of the marsh soils. In the higher parts of the marshes, near the chan-

nels, the soil is red and comparatively friable. In the lower parts,

and esi)ccially near the edge of the ui)land, it passes into a gray or

bluish clay called " blue dike," or, from the circumstance of its con-

taining many vegetable fragments and fibres, " corky dike." These

two varieties of marsh differ very materially in their agricultural value.

It often happens, however, that in the growth of the deposit, portions

of blue marsh become buried under red deposits, so that, on digging,

two layers or strata are found markedly different from each other in

colour and other properties ; and this change may be artificially pro-

duccil by digging ciiannels to admit the turbid red waters to overflow

the low blue marsh.
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The red marsh, though varying somewhat in quality, is the best soil

in the region, and much of it compares favourably with the most

celebrated alluvial soils of the old and new Avorlds. The following

analysis of recently deposited marsh mud from Truro, will serve to

show the composition of this kind of soil :

—

Moisture,

(.)rgiinic matter.

Soluble in Water.

Chlorine, ~|

x

Soluble in

Hydrochloric Acid.

Soda,

IVtash,

Sulphuric Acid,

}

as conunon salt,

as gypsum.
Lime,

Alumina,

Magnesia,
' Carbonate of Lime,

f )xide of Iron,

Alumina,

Magnesia,

Soda and Potash,

Phosphoric Acid,

Silieiuus Sand (very fine),

•5

1-5

•095

•115

•013

•073

•061

•005

•004

3-GO
'^•74

1-20

•11

•8

•09

88-00

So valuabU' is tliis soil, though nearly destitute of organic matter,

tiiat it is found profitable to cart it upon the upland as a manure. Its

best varieties have now been cropped without manure for more than

two centuries, witliout becoming unproductive ; tliough there can be

no question that under this treatment a gradual diminution of its

fertility is perceptible. The weakest point of the nuvrsh land, judging

from the above analysis, is its small proportion of phosphates. It is

probabl*^, however, that this is in part compensated by the presence of

fish bones and other matters of organic origin, which do not appear

in an analysis. Yet I have no doubt that the cheapest manure for

failing marsh will be found to be bono du.st or guano, w^hich, by sup-

plying phosphates, will restore it nearly to its original condition.

There seems no reason to suppose that a soil with the fine mixture of

mineral ingredients present in the mar.sh nmd, requires any artificial

supply of ammoniacal matters. Draining is well known to be essen-

tial to the fertility of the marshes, and many vahuible tracts of this

land arc now in an unproductive coiulitiou from its neglect. The
fertility of failing marsh may also be restored by admitting the sea to

cover it with a new deposit. This remedy, however, involves the loss

of several crops, as some years are require 1 to remove from the new
soil its saline matter. It is, however, observed, that in some situations

the newly diked marsh produces spontaneously a crop of couch grass
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and other upland plants, the seeds of which must have been washed

into the sea by streams and deposited with the mud.

The low or inner marsh, which I have previously mentioned

under its other names of blue marsh and corky dilce, is much less

valuable than the red. It contains, however, much more vegetable

matter, and sometimes approaches to the character of a boggy swamp

;

so that wlicn a quantity of it is taken out and spread over the upland,

it forms a useful manure. It emits a fetid smell when recently turned

up, and the water oozing from it stains the ground of a rusty colour.

It produces in its natural state crops of .'se grass, but when broken

up is unproductive, with the sole exccj^^iion that rank crops of oats

can sometimes be obtained from it.

The chemical composition of this singular soil, so unlike the red

mud from which it is produced, involves some changes which are of

interest both in agriculture and geology. The red marsh derives its

colour from the peroxide of iron. In the gray or blue marsh, the iron

exists in the state of a sulpliurct, as may easily be proved by expos-

ing a piece of it to a red heat, when a strong suli)]uirous odour is ex-

haled, and the red colour is restored. The change is produced by the

action of the animal and vegetable matters present in tlic mud. These

in their decay have a strong affinity for oxygen, by virtue of which

they decompose the sulphuric acid present in sea-water in the forms

of sulphate of magnesia and sulphate of lime. The sulphur thus liber-

ated enters into combination with hydrogen, obtained from tlie organic

matter or from water, and the product is sulplinrcttcd hydrogen, tlie

gas which gives to the mud its unpleasant smell. This gas, dissolved

in the water which permeates the mud, enters into combination with

the oxide of iron, producing a sulphuret of iron, which, with the

remains of the organic matter, serves to colour the marsh blue or gray.

The .sulphuret of iron remains unchanged while submerged or water-

soaked ; but when exposed to the atmosphere, the oxygen of the air

acts upon it, and it passes into sulphate of iron or green vitriol,—

a

substance poisonous to mo.st cultivated crops, and wliich when dried

or exposed to the action of alkaline substances, deposits tlie hydrated

brown oxide of iron. Hence tlic bad effects of disturbing the blue

marsh, and hence also the rusty colour of the Avater flowing from it.

The remedies for this condition of the soil are draining and liming.

Draining admits air and removes the saline water ; lime decomposes

the sulphate of iron, and produces sulph.atc of lime and oxide of iron,

both of which are useful substances to the farmer.*

* Since tlio publication of the first edition of this work, the bliio marsh of Nova
Scotia has been extensively improved by this process.
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This singular and complicate! sei'es of processes, into all tlic details

of which I have not entered, is of especial interest to the geologist,

as it explains the causes which have produced tlie gray colour and

abundance of sulphurct of iron observed in many ancient rocks, which,

like tlie blue marsli, have been produced from red sediment, changed

in colour by the presence of organic matter. It also explains the

origin of those singular stains which, in rocks coloured by iron, so

often accompany organic remains, or testify to the former existence of

those wliich have )xtsscd away. It farther shows tlic reason of the

paucity of organic remains in red rocks, for the red oxide of iron, when

present in excess, tends to corrode and destroy any organic matter

which may be present ; and on the other hand, an excess of organic

matter tends to deoxidise the iron and remove it in a state of solution,

or change it into a sulphurct, according to circumstances,—the colour

of the sediment being changed in cither case.

Mucli geological interest attaches to the marine alluvium of the Bay
of Fundy, from the great breadth of it laid bare at low tide, and the

facilities wliich it in consequence alTords for the study of sun-cracks,

impressions of rain-drops, foot-prints of animals, and other appearances

which we find imitated on many ancient rocks. Tiie gciniineness of

these ancient traces, as well as their mode of preservation, can be

illustrated and proved only by the study of modern deposits. I

quote a summary of facts of this kind from a paper on rain-prints

by Sir Charles Lyell, who was the first to direct attention to these

phenomena as exhibited in tlie Bay of Fundy.*
" The sediment with which the waters are charged is extremely fine,

being derived from tlie destruction of cliffs of red sandstone and shale,

belonging chiefly to the coal measures. On the borders of even the

smallest estuaries communicating with a bay, in which the tides rise

sixty feet and upwards, large areas are laid dry for nearly a fortnight

between the spring and neap tides, and the mud is then baked in

summer by a hut sun, so that it becomes scdidified and traversed by
cracks caused by shrinkage. Portions of the hardened mud may then

be taken up and removed without injury. On examining the edges of

each slab, we observe numerous layers, formed by successive tides,

usually very tliiii, sometimes only one-tenth of an inch thick,—of un-

equal thickness, however, because, according to I)r Webster, the night-

tides rising a foot higher than the day-tides throw down more sediment.
When a shower of rain falls, the highest portion of the inud-covercd
flat is usually too hard to receive any impressions

; while that recently

uncovered by the tide, near the water's edge, is too soft. Between
* Journal of London Geological Society, vol. vii. p. 239.
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these areas a zone occurs almost as smooth and even as a looking-glass,

on which every drop forms a cavity of circular or oval form ; and if

the shower be transient, these pits retain their shape permanently,

being dried by the sun, and being then too firm to bo effaced by the

action of the succeeding tide, which deposits upon tlicm a new Ifiyer

of mud. Hence we find on splitting open a slab an inch or more thick,

on the upper surface of which the marks of recent rain occur, that an

inferior layer, '^eposited perhaps ten or fourteen tides previously,

exhibits on its , nder surface perfect casts of rain-prints v>'hich stand

out in relief, the moulds of tlie same being seen in the layer below."

After mentioning that a continued shower of rain obliterates the

more regular impressions, and produces merely a blistered or uneven

surface, and describing minutely the characteristics of true rain-marks

in their most perfect state. Sir Charles adds :

—

" On some of the specimens the winding tubular tracks of worms

are seen, which have been bored just beneath the surface. Some-

times the worms have dived beneath the surface, and then reappeared.

Occasionally the same mud is traversed by the foot-prints of birds

[Tringa viinuta)., and of musk rats, minks, dogs, sheep, and cats.

The leaves also of the elm, maple, and oak trees have been scattered

by the winds over the soft mud, and having been buried under the

deposits of succeeding tides, are found on dividing the layers. When
the leaves themselves are removed, very faitiiful impressions, not only

of their outline, but of their minutest veins, are left imprinted on

the clay."

We have here a perfect instance, in a modern deposit, of jilienomcna

which we shall have to notice in some of the most ancient rocks;

and it is only by such minute studies of existing nature that wc
can hope to interpret those older appearances. In some very ancient

rocks Ave have impressions of rain-marks, or their casts, on the under

surface of the overlying beds, quite similar to those which occur

in the alluvial mud of the IJay of Tundy. In these old rocks,

also, and especially in the coal formation, we find surfaces netted

Avith sun-cracks precisely like those on the dried surfaces of the

modern mud flats, and faithful casts of tlicse taken by the beds

next deposited. A still more curious appearance is presented by

the rill- marks produced by the flowing of the receding tide, or of

rain, down inclined surfaces of mud. The little streamlets flowing

together into larger channels, form singular patterns, whicli may be

compared to graceful foliage or to the ramifications of roots, and which

have often been mistaken for fossils. In tlu; following figures (Figs.

1, 2, 3) I have endeavoured to represent the surface of a small
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Fig. 1. Fig. 2. Fig. 3.
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Fig. 1.—Impressions of Rain-Drops.—Mwleni.—Iiay i,{ Fiimly.

„ 2.— Imiu'fssioiis (rf Riuii Drops.—(.'arbnniforoiis.—TiUmagouclie.

„ 3.—Impressions of C'ontinuud Rain.—Carbonifuroiis.

„ 4.—Slirinkage Cracks and Rain Marks.—Carlioniferous.—Reducca in size.

„ 5.—Cast of Rill Murks.—Carboniforoiis.—Reduced in size. i,S
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rain-markccl slab of modern mud, inesented to me by Dr "Webster,

and beside it the casts of rain-drops from the showers which fell

in Nova Scotia in the carboniferous period. I have also given

specimens of rill-marks and sun-cracks from the coal field of Cape

Breton, which are quite similar to those to be seen at low tide

in the Bay of Fundy ; and farther on will be found representations

of worm-tracks and foot-prints of animals found on rocks of the

same age, and the mode of formation and preservation of which

is explained by these same modern deposits (Figs. 4, 5).

A still more striking geological fact connected with the marshes,

is the presence bene.ath them of stumps of trees still rooted in

the soil, and other indications which prove that much if not the

whole of this marine alluvium rests on what once was upland

soil supporting forest trees ; and that, by some change of level,

these ancient forests have been submerged and buried under the.

tidal deposits. To illustrate this, I may notice one of the best

instances of these submarine forests with which I am acquainted,

and which I described in the Journal of the Geological Society

in 1854. It occurs on the edge of the marsh near the mouth

of the La Planche river, in Cumberland county, at the extremity

of Fort Lawrence ridge, which sei)aratcs the La Planche from

the Missaqua.sh, and may be well seen in the neighbourhood of

a pier which has recently been erected there.

The upland of Fort Lawrence slopes gently doAvn toward the

diked marsh, on crossing which we find, outside the dike, a narrow

space of salt marsh thinly covered with coarse grass and samphire

[Salicorina), and at the outer edge cut away by the neap tides

so as to present a perpendicular step about five feet in height.

]ielow this is seen, at Ioav tide, a sloping expanse of red mud,

in places cut into furrows by the tides, and in other places covered

with patches of soft recently deposited mud. On this slope I saw

impressions of rain-drops, sun-cracks, tracks of sandpipers and crows,

and abundance of the shells of the little Tellina Balthica* a shell

very common in the muddy parts of the Bay of Fundy. There

were also a few long straiglit furrows, still quite distinct in August,

but which, I was informed, had been ploughed by the ice in the

past spring. At the distance of 320 paces from the abrupt edge

of the marsh, and about 25 feet below the level of the highest

tides, which here rise in all about 40 feet, I saw the first of the

rooted stumps, which appear in a belt of sand, gravel, and stones

* This slicll is the T. GrauilaiHlica of some .lutbors. ,",ii(l is rsammobi'a fiisca of Say,

Savgninolarid fiisca of Conmd, Macomafusca of the Smithsonian check-lists.



cbster,

ch fell

given

if Cape

)W tide

itations

of the

' •vvliich

narshcs,

oted in

not the

upland

sf level,

ider the.

the best

juainted,

Society

c mouth

ixtrcmity

^ho from

ii-hood of

(vard the

a narrow

samphire

ap tides

height,

ed mud,

covered

^ic I saw

|id crows,

* a shell

There

xVugiist,

in the

ipt edge

highest

t of the

d stones

Isca of Say,

SUIIMAUINK FOUE3T3. 29

mixed witii mud, which intervenes between the slope of mud already

mentioned and the level of low tide. Beyond the stump first seen,

and extending to a depth of at least 30 to 35 feet below the level

of higji title, other stumps were irregularly scattered as in an open

wood. The lowest stump seen was 135 paces beyond the first;

and between it and the water level there was a space of 170 paces

without stumps, but with scattered fragments of roots and trunks,

which may have belonged to rooted trees broken up and swept away

by the ice (Fig- 6).

Fi^. 6.—Submarine Forest,—Fort Lawrence.

LCVLL or tOVVTJOE

(a) Marsh. (i) Soil with rooted stumps. [c] Mi<d and Stones.

On digging under and around some of the stumps, they were

found to be rooted in a soil having all the characters of forest soil.

In one place it was a reddish sandy loam, like the ordinary upland

of Fort Lawrence : in another place it was a black vegetable soil

resting on a white sandy subsoil. Immediately over the soil were

the remains of a layer of tough bluish clay, with a few vegetable

fibres, apparently rootlets of grasses, which seemed to have been

the first layer of marsh mud deposited over the upland soil. All the

rootlets of the stumps were entire and covered with their bark,

and the appearances were perfectly conclusive as to their being

in the place of their growth (Fig. 7).

Fig. 1.—Stump of Beech in the Siibmanne Forest.

(a) Mud. {b) Vegetable soil. (c) Loamy subsoil.

Of thirty or forty stumps which I examined, the greater number
were pine {Pinus strobus), but a few were beech {Fagtis ferruginea)

;

and it is worthy of note that these are trees characteristic rather of

dry upland than of low or swai 'py ground. The pine stumps were
quite sound, though somewhat softened and discoloured at the

surface. The beech, on the other hand, though retaining much

m
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of the appearance of sound wood in the interior, was quite charred

at the surface, and was throughout so soft and brittle that largo

trunks and roots could bo cut through with a spado or broken with

a slight blow. Owing to their softness, the beech stumps were worn

down almost to the level of the mud, while some of the pines projected

more than a foot : even these last were, however, much crushed by

the pressure of the ice, which, with the tides, must eventually remove

them. The largest stump observed was a pine two feet six inches

in diameter, and showing more than two hundred annual rings

of growth. I was informed by respectable and intelligent persons

that similar appearances have been observed on the oi^posite side

of the La Planche, and in various other places in the Cumberland

Basin. It is only, however, in places whci'e the marsh is being cut

away by the current that they can be seen, and the stumps, when

laid bare, are soon removed by the ice. Similar beds of stumps

and vegetable soil are also occasionally disclosed in digging ditches

in the shallower parts of the marshes, and there appears little reason

to doubt that the whole of the Cumberland marshes rest on old

upland surfaces. A submerged forest is also said to appear at the

mouth of the Folly River in Cobequid Bay; and peaty soils and

trunks and stumps of trees are of frequent occurrence in digging

in the marshes of King's and Annapolis counties. It would seem,

therefore, that these appearances are somewhat general throughout

the marsh country.

With respect to the age of these submerged stumps, there can

be little difference of opinion. They belong to the modem period

in geology, and, judging from the state of preservation of the

wood, after making every allowance for the preservative effect of

the salt mud, not to the very oldest part of that period. Yet

their antiquity is considerable. The marshes are known to have

existed in their present state for two hundred and fifty years;

and since these trees grew and Avere submerged, all the mud of the

marshes nuxst have accumulated, at least in its present position.

Here then we have a modern phenomenon involving great physical

changes in the relations of land and water, and rivalling some of

those geological events of which we have evidence in the older rocks.

How did this change of the sea level occur? Only two causes

can be assigned. It must have been either the rupture of a barrier

previously excluding the sea water, or an actual sinking or subsidence

of the whole of the western part of the province. The first of these

suppositions is that which most readily recommends itself to the

popular mind, and we luive at no great distance an instance on a
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smiill scale of tho efToct wliieh itiiglit bo prn(liipe<I liy the rupture

of a sea bfxrricr. At the iiinuth of the St .Fuhn River, there is a

transverse ridge of rock which obstructs the entrance of the tide and

the exit of the river water. At low tide, the river water falls outward

over the ridge. At about half tide, the water within and that

without arc on a level. At high tide, there is a strong fall of the

tide water inward. \>'it!i()iit the barrier, the tide rises from twenty

to twenty-five feet ; witliin, it raises the level of the water only about

four feet. Now there can be no question that, if this barrier were

reii!()ved, the tide wnuM daily raise the river to a height which

it now attains only in times of Hood, while at low tide it would

be laid dry to a great depth. If such a change had occurred at

some former period, marshes might be found to exist in places

which had at one time snpported terrestrial plants. Against the

api<lication of this explanation, however, to the submarine forests

of the Bay of Fundy, we have tho great extent of tho barrier

reqnired, the absence of any existing remains of it, and the great

depth below high water at which the remains exist ; as it is diflicult

to suppose that the existence of any barrier, even if it wholly

excUuled tho tide, could produce dry upland at such a level. The
effect Avould rather be the production of a lake, or, at the utmost,

of a morass. For these reasons it can scarcely be supposed that

any cause of this kind tan apply. It only remains to believe that

a subsidence has taken place over a consideral^le area, and to a

depth of about forty feet. AVe have no distinct evidence to show
whether this has been sudden or gradual, but analogy would lead

us to suppose that it was the latter.

If a gradual subsidence of this kind has occun-ed in times

geologically modern, the question remains, has it ceased, or is 'he

country still subsiding, as Newfoundland and the south of Sweden
are supposed to bo doing? There arc some facts which would seem
to indicate that it is. In some localities portions of marsh formerly

reclaimed have been abandoned, and it is said that it is now more
difficult to maintain the dikes than formerly. We niay, however,

readily account for all thi.s by supposing that the mud has settled,

or that the tides have increased in height or have changed in their

direction, in consequence of the contraction of the channels by the

diking of new portions of marsh land. Wo are not therefore under

the necessity of arriving at the unpleasant conclusion that our fertile

marshes are again settling down beneath the level of the sea, or that

the waters of the bay are likely to overflow the upland ftirms.

I should add, however, that, since the publication of the above

m
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rcmarkw, Profossor Cook presented to the mcotlng of tho Amorican

A.s.sofiutidii in Montreal, in IMTj?, an interesting stininiary of indi-

Ciitiuns of modern subsideneo observed on tlic eousts of New Kiiyland,

New York, and New Jersey, and estimated tho average rntc of

sinking at two feet in a eentiiry, nnder tiie imprcssiou that it is

still in progress, wliieh wonld eoineide with the view above-mentioned

as entertained in s^uie parts of tho marsh districts of Nova Scotia, that

the tides now rise liigher than formerly. Additional interest is thus

given to the Fort Lawrence instance, as indicating the great vertical

amount of this very extensive subsidence, Ju l.Sdl also, Pr Gesner,

in his paper on " Klevations and J)epressions of the Karth in North

America," noticed several additional instances of modern submergence

in various parts of the liritish Provinces and tho United States, and

hiferred that such submergence is still in progress, or, at least,

has occurred in very recent times. Within the limits of Acadia,

and in addition to the examples above referred to, ho mentions

Grand Manan, J>ay Vcrte, Louisburg in Capo Proton, and Cas-

cumpec in Prince Edward Island, as places in which there is

evidence of subsidence since the European colonization of tho

country.

I would ask the non-geological reader to pause here, to remark

lliat, in the mud-deposits of the Bay of Fundy, we liave an example

of a geological formation enclosing remains and traces of several

of the animal.? and plants now inhabiting the land or its shores;

and that if, in consequence of the colonization of the country, or

any physical change, these creatures or any of them were to become

extinct, avc might lind, in digging into the marshes or by examining

their borders, evidence of the former exi.stence of such extinct

animals or plants, just as the remains of the now extinct European

beaver and Irish gigantic stag arc found in the peat bogs and lake

de2)osits of Great Pritain. Farther, we have in the submarine

forests the evidence of extensive changes of level ; and if we suppose

that, by such changes occurring in the future, the marshes were

to be buried under new deposits until they had been consolidated

into rock by pressure, by aqueous infiltration of nuneral substances,

or by internal heat, and then elevated again to the surface, we
shoidd discover in their hardened masses a variety of fossils, which,

if properly interpreted, would throw much light on tho present

condition of the country. Py bearing in mind these obvious con-

clusions, much time and perplexity may be avoided, Avhen we arrive

at the consideration of ancient formations to which changes of these

kinds have actually happened.



DIKF.n MAUSHF.g.—FRESII-WATER ALLUVIA. 3.1

Tlic principal localities of diked marshes in Nova. Scotia are,

Cliiegnccto Hiiy and Cuinborlan<l Hii.sin, Cohcquid Buy, Mina.s Hasiii,

and Annapolis iJa.siii, all of wliicdi arc parts of the IJay of Fundy.

Tiie (pnintity of marsh in those several places appears from the

census of 1851 to bo as follows;

—

Chiopiccto P.ay and Cuuibcrland Basin,
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tlmn lialf, of the wlmlr iiiiiiilx'r. Tlic iimd foiinine; in the bottoms

of tlicsc liikcs must roiitiiiii liirj^c ([iiMiititii'H of tin- ri'iimitiH of frcsli-

wiitor (i.slifs, h1i('11-(1.s1i, and otlitT animuls, as well as of tiTivs trial

(|ua(lrn|iL'(ls tlmt liavo been drowned in tbem or killed on their

margins; and hhould these lakes be ixrtiiieialiy drainiii, sneh renniina

may rxcitn mucii intiM'est, At jtrcsent, however, 1 siiall refiir to

only on(! kind of lake deposit, whieh is enrious as an eviilenec

of the large qnantity of matter that may he nceunudated by t!ie

growth and death of sneeessive generations of ereatures too small

to be observed individually exeept by the microseope. This is

the snbstanee known to naturalists as fiifiisDi'ial earth, and whieh

has been found to aliound not only in tiic deposits from modern

waters, but in some aneient rocks, of whieh it appears indeed

sometimes to form the mass. It is, as found in N<ivii Scotia, a

white and, when dry, very light friable earth, having a iloury

texture, and showing, when examined in a bright light, an infinity

of minute shining specks. A little of it diflused in a drop of water,

and viewed through a ])owerfnl microseopo, pre.-euts thousands of

curiously formed cylindrieal, bow-shaped, and rounded transparent

bodies, Avhieh consist of pure silica or Hint, and are the coatings

which strengthened the c(,'!l-walls of certain minute organisms at

one time regarded as animals, l)Ut now as one-celled plants of the

family Dialomaccw. They grow in the waters of some of our

lakes in such numbers that their indestruc'ible silicious coverings,

in the course of time, accumulate in layers several feet in thickness.

The hardness, sharpness, and minute size of these shells render

the mass comjjosed of them useful as a polishing material ; the

best tripoli being, in fact, an earth of this description. "J'he only

S])ceiinens of this infusorial earth in my possession, and found in

Nova Scotia, are from lakes in the hills of I*<arlton and (,'ornwallis.

That from the last-named locality is the finer of the two. It was

discovered by Dr Webster of Kentville. The late Professor Bailey

of West Point, the well-known microscopist, to whom I forwarded

specimens from one of the above-named lo<vditii "''tes* that

the species contained in it arc commor to \ova iScotia and the

northern parts of the United State a itlons the following

as occurring in specimens from No\ tia:

—

Pinmil r viridis,

P. inccqualis, Cucconcmn cyinOeformc, i/liuneU" distans, Eunotia

monodon, etc., Jlimantidium arcits, Oomphonewa acuminatum, Sur-

i^clla spkndida, IStauroneis Baijicii ; Sjionr/ioutcs, etc. Some of

these species are represented in Fig. 8.

* Sillirnan'H Journal, vol. xlviii.
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Lake Margins in Nova Scotia arc of some ppolopical interest,

from the cfTccts of icc-iiressuro which they exhibit. Tbo (•x]ian.'(ion

of the thici; icy sheet wliich forni.'s on tlu; surface of our lalics in

winter, and its drifting to and fro when luo,sened from tlie shores

by tlie thaws of spring, iieap up very reniarkahk^ ridges and end)ank-

nients of stone.s, gravel, and earth. In low and nniddy shores,

these actions <if the ice, 1 IkTicvc principally the latter, push up hnig

mounds, which look as if an attempt had been made to raise an

artificial dike ; and where the shores consi.st of small stones and

gravel, still more regular structures arc sometimes produced. Oc-

casionally there are two mounds, one within the other, marking

different levels of the water; and I have seen these mounds still

remaining, in places where lakes and ponds hail l)een long since

filled up and converted into bogs. On rocky shores, large stones

arc pusheil against the bank and packed together until they form

huge sloping Cyclopean walls, which testify not only by their ma.s«,

but by the manner in which they have been wedged together, to

the force that has been applied to them. This la.st appearance is as

well seen in some of the upper lakes of the Slmbenacadie as in any

others that I have examined. These modern effects of ice-jircssurc

will serve to ex])lain some of the i)hpnomena of the drift or boulder

formation which ovcrs])rcads the surface of the province. They are

also curious from the rcscnddancc which they bear to glacier moraines,

for which they might, in some cases, be easily mistaken.

Dogs and pcaly sicamps form another class of modern deposits

which I may notice here. They are very numerous in Nova Scotia,

especially in the rocky districts of the Atlantic coast. The largest

that I have observed are the Savannahs near Clyde Kiver in Shel-

burne, and the Carriboo bog of Aylesford. With respect to the

geological features of these deposits, 1 may notice : First, That they

consist of vegetable matter Avhich has grown on the spot, and has

accumulated, because in Avater-soakcd j-oll.s the decay of dead vege-

table substances proceeds more slowly than the acquisition of new

\i
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matter by growing vegetation from the air anil water. Secondly, The

vegetable matter in bogs, forming a black carbonaceons mass, has

entered on the first stage of the changes by which it may be converted

into coal ; and It is not nnusual to find in the bottom of such bogs

a substance much resembling ordinary bituminous coal. Thirdly,

The organic acids produced by the vegetable matter, when long

saturated in water, remove from the subsoil of the bogs the oxides of

iron and manganese, as well as lime and the other alkaline earths;

hence the subsoils of bogs usually consist of bleached whitish sand or

clay of a very unproductive character. There arc a few exceptions

to this in localities where the soil contains a very large proportion

of lime. On the other hand, when the underlying rocks contain

bi-sulphuvet of iron, as is the case in some parts of the slate districts,

the sulphuric acid produced from this mineral gives a still greater

degree of acidity to the bog, while the iron is sometimes in too great

quantity to be removed entirely. Fourthly, The iron and manganese,

removed in the manner above mentioned, are deposited, usually in

rounded kernels, at the outlets of such bogs, or in the soils through

which their waters soak, and become partially exposed to the air.

In this way small quantities of bog iron ore ami bog manganese ore

are formed in the vicinity of many swamps. All these facts respecting

bogs have their analogues on a large scale in our ancient rock

formations, and more especially in those of the carboniferous system.

The bogs when drained, and their surface dressed with sand, or

sand and lime, to supply the silicious and calcareous matter in which

they are deficient, are excellent soils, second only to diked marsh

in their productiveness in hay and oats. Portions of bog have already

been reclaimed in this way in several of the counties, and there can

be no doubt that many tracts of this description, more especially in

the less fertile portions of the province, require only the application

of skill and industry to render them valuable.

In describing the modem deposits, I should not omit those of

blown sand, which occur somewhat extensively within the region

to which this work relates. Sable Island is the highest part of one

of those baidvs of sand, pebbles, and fragments of shells and coral,

which form a line extending under the waters of the Atlantic, and

parallel to the American coast, from Newfoundland to the vicinity

of Cape Cod ; and which are separated from the coast and from each

other by valleys of mud. Sable Island Uank is one of the largest

of these submarine sand-beds. Its area is equal to one-third of that

of Nova Scotia. The depth of water at its margins varies from 35 to
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G8 fathoms; and from this depth it shoals gradually toward the

shores of the island, which is situated near its eastern extremity.

Sable Island itself is about 23 miles in length, and from one mile

to one and a half in breadth. It is distant about 85 miles from the

nearest part of Nova Scotia. Its surface consists entirely of light

gray or whitish sand, rising in places into rounded hills, one of which

is stated by persons who have visited the island to be 100 feet in

height. Tiie whole of this sandy surface has evidently been —ashed

and blown up by the sea and wind ; and I have not been able to

learn, from any of the accounts of the island, that any more solid

substratum exists. Pools of fresh water, however, ajjpcar in places,

which would seem to imply that there is an impervious subsoil.

This may, however, be caused by iXw- floating of rain water on water-

soaked sand, an appearance which may sometimes be observed on

ordiriary sand beaches, where, in consequence of their resting on the

surface of the sea-water, these pools or springs sometimes rise and

fall with the tide. I am not aware, however, that this occurs at

Sable Island. There is also a largo salt-water lake or lagoon, which

at one time formed a harbour ; but its entivmce was closed by a storm.

The surface of the island is covered with coarse grass and cranberry

and whortleberry j)lants; and horses, r.abbits, and rats have been

natmalizcd and exist in a wild state. The CJovernincnt of Nova
Scoiia, aided by an annual sum from Great J3ritain, supports an

establishment on the ishuul f(n' the succour of shipwrecked mariners.

Capcain Darby, late superintendent of the establishment on the

island, states, in a letter contributed to Blunt's Coast Pilot, that within

twenty-eight years the western extremity of the island has decreased

in length seven miles. He also states that the island has been

increasing in height, especially at the eastern end, and at the same
time diminishing in width. He believes that the bank and bar

extending from the western end have been constantly travelling to the

eastward. It would indeed appear from the diflerence in the longitude

of the island, as given in the old cliarts and by iate surveys, that the

wliole island is moving eastward ; a very natural effect of the prevail-

ing westerly wind, whicii must continually shift the particles of sand

from west to east, and may eventually throw the island over the edge
of the bank into deep water, and cause it to disappear ; unless indeed

the whole bank is moving in the same direction under the influence

of marine currents. A singular intermixture of animal remains may
be produced by this rovcment of a sand island, tenanted by land and
fresh-water creatures, over the surface of a marine sandbank remote
from land, and whicli otherwise would contain only deep sea shells.

i
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The following facts, which liavc a geological as well as a zoological

interest, are collected from an interesting lectnrc on Sable Island, by

Dr Gilpin of Halifax.* The walrus, or seahorse [Trichecus rosmarus)^

at one time inhabited the island, but is noAV extinct, probably in con-

sequence of the attacks of man, since as many as throe hundred pairs

of teeth are mentioned as being collected on the island. This would

seem to have been the most southern i-ange of the walrus, and it is an

interesting fact that this arctic creature should come as far south as

lat. 44°, on an island to which the Gulf Stream wafts many southern

marine forms, such as Sjjintla Peronii and others mentioned by Mr
Willis in his list of the shells of Sable Island. The explanation of

this curious fact is no doubt to be found in the circumstance that the

Sable Island banks form a meeting-place of the ice-laden Arctic

Current and the Gulf Stream. The former has brought the walrus

and the Greenland seal, which still lives on the island, and many
boreal mollusks; the latter drifts to the shores of Sable Island many
of the products of more southern latitudes, which may have become

mixed in the same deposits with their arctic contemporaries. The
only land quadruped mentioned as native to the island is a " black

fox," but of what species is uncertain, as the creature seems to be

extinct. Horses have been introduced, at what time is uncertain,

and have produced the present wild ponies of the island. Their size

is snuill, and their colours " Isabella " and gray, while they have the

"large head, thick shaggy neck, low withers, and sloping quarters,"

usual in wild horses. The rabbit is of recent introduction, and

appears to thrive, and to revert to the colour of the wild gray variety

of England. The white owl [Xyclea nivea) is said to have made its

first appearance in 1827, and to have visited the island periodically

ever shice.

Sand hills and beaches exist in many parts of Nova Scotia and

New Brunswick ; but nowhere to so great an extent as on the northern

side of Prince Edward Island, Avhcre the sand resulting from the

waste of the soft red sandstones of the island has been moved upward

by the waves, and blown by the wind until it forms long ranges of

sand-dunes, extending along the coast and crossing the bays, but

I believe in no place penetrating far inland ; though, since the forest

has been cleared, the sand is becoming troublesome on some parts of

the coast farms. Across Cascumpec and Richmond bays, and along

the intervening coast, a nearly coiitiiuious range of sand beaches

and hills extends for more than twenty miles; and at New London,

Rustico, Covehead, Tracadie, and St Peter's Bays, there are similar

* Halifax, 18o8.
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ranges of sand hills, amountuig altogether to about twenty miles

more (Fig. 9).

At New London, the only place where I have had an opportunity

of examining these sand hills, they attain the height of forty-feet, and

are covered with tufts of coarse beach grass. Their northern sides

are frequently cut away into escarpments of loose Huml
;
but on the

whole they do not appear to be rapiiUy changing their form or position.

The sand is of a gray or light brownish colour, though derived from

red sandstone; iis superficial coating of red oxide of iron being

almost entirely removed by friction.

Fiff. 9.—Saml Ilillx, M)'.' Lnmhn. P. E. L

%
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No part of Nova Scotia or New Brunswick is sufficiently elevated

to retain any snow later tlian April or May. There is, however, a

ravine in the North mountain of (rranville, opposite Annapolis, in

which ice is said to endure throughout the summer. I visited it

in April, and so could not have absolute proof of its perfection as an

ice-house. It is a deep ravine enciunbercd by blocks of trap, which

have fallen from its sides in landslips ; and it appears tliat the ice

which forms between these blocks in winter is salficiently jn'otected

by the sides of the ravine, the dense vegetation and the blocks them-

selves to be found unchanged even at the end of summer.

Slight earthquake shocks have been felt at rare intervals in several

parts of the Acadian provinces. One occurred on the 8th of

February 1855, and was observed throughout Nova Scotia and

New Brunswick, and as far to the south-west as Boston. Its point

of greatest intensity appears to have been at the Bend of the Petit-
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codiac, near the extremity of the New Bi'unswick coast-lino of

metamoriiliic hills. At this place there were several shocks, one

of them sufficiently severe to damage a brick building, whereas in

the other places only one slight shock was experienced. At Pictou

and Halifax, the only shock felt occurred a few minutes before 7 a.m.,

and It appears to have been simultaneous throughout Nova Scotia

and New 13runswick.

The earthquake of the 17th October 1860, which was felt through-

out Canada and the Northern States, was felt also in New liruuswick;

but I believe not so severely as in Canada.
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MICMAC HEADS.

FUDM I'llOTOnnAl'lIM.

These are given as memorials of a liecayiiig race, which may soon

disappear. Tlic woman is belicvoil to l)e of pure Micmac descent.

Till' yoniifi man, lier scpn, lias prohatily a .slight intorniixtiire of French

lilood Iiy the fatlier's side. Holli have the typical features of the ra- e



41

CHAPTER IV.

THE MODERN FElllOD—Continued.

PRE-niSTORIC MAN— RESULTS OF FOREST FIRES. '

In a region whose history extends backward scarce three hundred

years, pre-historic times may seem to have little interest, in so far as

the human period is concerned. Yet I think that sometliing may bo

learned, at a time when pre-historic human remains arc exciting so

much attention in the old world, by referring to the more recent " .Stono

Age " of Acadia. TIiosc who specidate as to the antiquity of man, and

the ages of Stone, Bronze, and Iron in Europe, and who, looking back

on the earlier of these periods through the mists of centuries, attach to

it a iiibulous anticpiity, may derive some lessons from a country in

which the stone age existed three hundred years ago, and has yet

passed away as comphjtcly as though it had never been. The Micmac

still pitches his rude wigwam of birch bark within sight of the largest

cities of Acadia ; but he has entered into the iron age, and the stono

weapons of his ancestors arc as much objects of curiosity to him as to

his neighbours of European origin. When first visited by Europeans,

the Micmacs inhabited the coast line of Nova Scotia and New Bruns-

wick, the jNIalicetcs the interior of the latter. Both tribes were of tho

great Algonquin race, speaking cognate dialects of that widely diffused

American tongue which extended along the whole northern side of the

St Lawrence valley to Lake Superior. Both tribes were hunters and

fishermen, making their canoes and wigwams, as they still do, of the

bark of the white birch, and using weapons and other implements of

stone and bone. The bronze age never existed in North America

;

but in Nova Scotia, as in Canada, native copper was used for trinkets,

though, from its scarcity, only to a very small extent. The stono

implements, as in Canada and the New England states, were both

chijiped and polished. In the former way were made knives, spear-

heads, and arrow-heads, of quartz and flinty slate. In the latter way,

chisels, axes, and gouges were made of greenstone and other crystalline

rocks. Both varieties were used at the same period for different pur-

!^ I ,'1
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poses. The implements represented in Fig. 10 are specimens of the

first cla.s.s, and will serve to .show their resemblance to the prc-hi.storic

remains of Enrope. The large weapon in the niiildle is the head of a

spear or javelin made of hard jaspery slate or iine-graincd fissile

quartzite. On either side of it are two knives made of a similar

material. All three are believed to have been n.sed in a skirniLsh

between the Micmaca and the French, in the early colonization of

Nova Scotia. The arrow-head is a beantiful and synunctrical little

weapon of pure milky (juartz, found in a iiloughod field, and of

uncertain age. These are good .specimens of the Micniac stone imple-

ments of the chipped style, and arc all of native I'ocks found in the

metaniorphic districts of the country. Their implements of polLshed

stone are principally oval or wcdge-.shai)ed axes or adzes, often of

large size and admirably shaped and smoothed. It would ajjpear

from the traditions of these people, as well as from a few historical

notices preserved by their earlier visitors, that they carried on wars

with the natives of Newfoundland on the north, and of Maine on the

south, and with the Mohawks or Iroquois of the St Lawrence;

and that, though divided into small tribes, they could form great

national leagues for the prosecution of these wars. Their armies

were organized under generals and subordinate leaders, and their

camps, when in the field, were regularly planned and fortified with

palisades interwoven with boughs. The now dwindled remnant of

the Micmacs, according to Mr liand, recall the memory of this stono

age of their forcfatlicrs as if it were their golden age. Then they

were numerou.s, independent, and powerful. They had fi.sh, game,

and clothing in abundance. Their dense forests sheltered them from

the winter cold and summer heat. Poverty, want, and disease were

comparatively unknown.

How long had this .stone age continued ? Tradition and history

are silent on this point, and, in the nature of the case, monumental

evidence fails to give dates. Certain it i.s, that no discoveries have

yet been made pointhig to the residence of man in that later Post-

Pliocene period in which the Ma.stodon flourished ; and it is probable

that the origin of the long-headed or Dolichocephalic race of Eastern

America, to which the Micmacs and Malicctes belong, is to be sought

for in an ancient immigration from Northern Africa or Europe. The
reasons advanced in favour of this view by lletzius,* based on the

form of the skull, as compared with that in the Guanches of the

Canaries, and the Copts, Moors, etc., are strengthened by the large

number of root-words identical with those of the Indo-European

* Archives des Sciences, Geneva, 1860.

I
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lan^'unfi^cs in tlic vftiioua Alj^onquiii dialocts. This subject, to which

atti'iiti(jii has been culUiil liy my tViciid Mr Kaiid, has not rcccivcil

tho uniduiit of stmly which it merits, in C(imi(;xii)ii with tlio wiilo

diffusion of those root-words over the native hmguages of Eastern

America, l'hiioh)j(ists, ref,'arding grammatical eonstruction as ahjuo

imiiortiuif, and misled by the superficial dissimilarity of the huiguages

even (if neighbouring tribes, have nut taken the trouble to search for

those deeper rcsemblanees whieli, oven to this day, link the hniguagea

of Eastern America with those of tho opposite side of the Atlantic.*

It is at least certain that the primitive lino of migration of tho

l^istern Americans was northward from the West Inilies and Mexico,

and that on the shores of tlic Gulf of St Lawrence they n»et with

another tide of migration coming from the nortlnvard and ro[)rcsented

by the Esquimaux. S(nne of the evidences of this have been given

in my papers, in the Canadian Naturalist, on the Aboriginal Antiduities

of Montreal. I may merely mention here the identity of the manners

and customs of the American Indians along the whclc east coast

up to the limits of the Esquimaux, and the fact that plants native

to IMexico, as maize, tobacco, and kidney beans, were cultivated

as far north as Quebec. It would sccni, therefore, that in these

aborigines we have a people whose ancestors migrated from the western

part of the old worM during the stone age of that region, and, isolated

in America, preserved the habits of that primitive period unchanged

almost until our own time, presenting us with a perfect picture of a

condition of humanity which in the old world has become so obscure

as to constitute a field for the wildest speculations and theories. A
farther question may be raised, as to the amount of displacements

of races in the meeting of different lines of migration, and as to the

possibility of any race of men having preceded the Micmacs and

Malicetes in Acadia. The Malicetcs themselves had a tradition that

they migrated eastwai'd from Canada, pressed by the Iroquois popula-

tion. This is very likely, though it was probably a modern movement,

and it may have forced the Micmacs more tow\ird the coast; the latter

in this case being perhaps the more primitive people of the two.

Both tribes have obscure traditions of certain primitive giants, whom
they know by the name Kookwes [yiyae) ; but this may be a remnant

of traditional lore belonging to the primeval scats of their ancestors

in the old world. Carved stones have also been found in New
Brunswick, which are unlike anything executed by the more modem
tribes, and may have Lccn the work of preceding races. Figure

10 e represents one of these stones, found at Harris Cove, on tho

* See examples in the Apiieadi-t.
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figure

ni the

Konncbpckaiis River. It is tlircc feet in lcnf!;tli, find is com-

l)i),soil ot' II liiml C()Uf,'loiricrato, oceiirriiipj in situ in tiio vii-inity

of tlio pliico where it was fniiiid. It ims the aspect of a first rude

attenijit at the cxeeution of a sphinx or cherub, and may have been a

moiunnontal stone, or the ornament of a gate, or the charm of a

medicinc-nian. It was disinterred in digging a cellar ; but as to

its age, or whether it is the work of the Malicetes, nothing is

known.

Huch was the stone age of tln-cc centuries ago in Acadia ; and it

is instructive to bear in mind that in a country in the latitude of

France, this was not only the stoue age, but also the age of the

caribou or reindeer, and moose and beaver,—aninnds now verging

toward extinction, and of no more importance to the present inhabi-

tants tiiaii the park deer are to timse of tlie old world. With the

exception of a few of the forest-clad hilly districts. Nova Scotia is

now as unsuitable to the existence of the reindeer and moose as

France is, and yet three centuries ago these animals were the chief

food of its inhabitants. No material change of climate has occurred,

but the iron age has introduced a new race, and the forests have been

cleared away!

The monmnents of the stone age are fiw. Piles of shells of oystens

and other im 'Husks, in .some parts of the coa.st.s, mark the site of

former summer encampments. Numerous stone implements ai'C found

on some old battle-grounds or cemeteries, or on the sites of villages

;

and occasional spccimims are turned up by the plough. JJut this

is nearly all ; and if tlie written record of the discovery and cohmiza-

tion of the country did not prevent, wo might, in so far as the

monumental history is concerned, believe the close of the stone age

to have belonged to a remote antiquity. If the Micmacs had been

replaced by a semi-barbarous race, not keeping written records, and

destroying the aborigines or incorporating them with themselves, the

date of the stone age would already be altogether inu-ertain.

I have in my collection a curious specimen illustrative of the

transition from the stone to the iron period. It Avas found at Meri-

gomish Harbour, an old place of residence of one of the eastern Micmac
tribes. It con,sist3 of a mass of hard ferruginous sandstone, which
was found at some depth in the ground, wrapped carefully in beaver

skins, the fur of which is still well preserved. The mass, when
broken, was found to be full of blades of iron knives or daggers,

mixed with black and white beads and bugles, among which were
traces of basket-work or matting and a cylindrical iron aw I or bodkin.

The iron instruments had been completely oxidised, and had famished

1^
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the ccmontitig iiiatciiiil of the mnM.s; and tlicir wooden Imndlcfl Imd

been ppifcctly petrilind or coiiveiti'd into n hard (ilnonH hiowu

linionito, Htill rctaininf^ tlio Htrnctuic ol' tlu) uood. Tho dcponit was

probalily a cache, or liiding-placo of valualtlo booty in tlic early

French and Indian wars ; and serves, among other things, to show

tho comparatively i)eriHhablc character of iron imphMin-ntsarf compared

with tiioHC of stone, and the Hhort space of time wliicii nmU'r certain

circumstances may give to modern objects the aspect of Iioar antitpiity.

One of the questions in connexion with pre-historic times wliich

lias recently be(!n discussed in Europe, has boon the disappi :\rancc

and renewal of forests in connexion with tiie succcssiou of races

of men. Though the subject was not noticed in tho first edition of

this work, I had some years previously, in tho Edinburgh New
Philosophical .Journal, directed attention to it, and now rcprodnco

portions of the article, as furnishing useful <lata to those who, on

evidence of this kind, arc endeavouring to calculate the antiquity of

pre-historic man in Europe.

In their natural state. Nova Scotia and the neighbouring jn-ovinccs

were covered with dense woods, extending from the shons to tho

summits of tho hills. These woods did not form detached groves,

but constituted a nearly continuous sheet of foliage, the individual

trees composing Avhich were so closely placed as to prevent them

from assuming full and rounded forms, and to oblige them to take

tall and slender shapes, that each might obtain air and light. Tho

only exceptions to this are certain rich and usually light soils, where

the forest is scjinetimes more opcMi, and hills too rocky to support

a covering of trees. When viewed from the summit of a hill, tho

forest presents a continuous undulating surface of a more or less

^ark colour and uneven form, in jiroportion to the prevalence of tho

deep colours and hard outlines of the evergreen conifene, or of tho

lighter tints and rounded contours of the deciduous trees ; and these

two classes arc usually arranged in belts or irregular patches, con-

taining mixtures of trees corres[)i)nding to the fertility and dryness

of the soil. In general, the deciduous or hardwood trees prevail

on intervale groMiid, fertile uplands, and the flanks and summits of

slaty and trappean hills ; while swamps, the less fertile and lightest up-

land soils, and granitic hills, are ehiclly occupied by coniferous trees.

The forest trees spring from a bed of black vegetable mould, whose

surfiicc is rendered uneven by the little hillocks of earth and stones

thrown up by windfalls ; and which, though usually named " Cradle

hills," arc in reality the graves of departed members of the forest,

whoso trunks have mouldered into the mossy soil. These cradle
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liillrt nro ino.«t niimoroiis in tliin soils; and are cliiclly produi'('(l by

tlio (•(inircpiiis trees, and ('.-.pccially by tin' licndnck sprn<'(!. 'I'licre \n

nsnuily little nndorw.Kid in tlie orif,'inal forest; niosscs, lyeopodiiv,

ferns, nnd a few lu'rljaceoiis flowering plants, however, flourish

beni'atli tin' sliadc of tin' wnuds.

The woods pi-risli by the axe and by fire, cither purposely applied

for their destrnetinn or accidental. ToreHt fires have not been con-

fined to tli(! period of Kuropean occupation. The traditions of the

Indians tell of cxtcnsiv(! ancient conflaf,'rations ; and it is believed

(but some of the almrij^iiial namiM of places in Nova .Scotia, for

example, C/iebiictn, C/irdalmvto, rictnii, originated in these events.

In later times, bowevcr, fires have been more numerous and destruc-

tive. In clearing,' land, the trees when cut down an; always burned

;

and, that this may be cffectcil as completely as [xjssible, the driest

weather is frequently selected, although the tire is then much more likely

to spread into the surrounding woods. It fre([HeMtly happens that

the woods contain large (|uantiries of dry branches and toi)S of trees,

left by cutters of tindicr and firewood, who rarely consider any part

of the tree except the trunk worthy of their attcnti<m. Even without

this prepiiration, however, the Avoods uiiiy in dry weather be easily

inflamed; for although the trunks and fuliage of growing trees are

not very combustible, the mossy vegetable soil, much resembling

peat, burns easily and raiiidly. U|)on this mossy soil de|)endrt, in

a great measure, the propagation of fires, the only exception being

when the burning of groves of the resinous coniferous trees is assisted

by winds, causing the flame to stream through their tops more

rapidly than it can pass along the ground. In such eases some

of the grandest appearances ever shown by forest fires occur. The
fire, spreading for a time along the ground, suddenly rushes up the

tall resinous trees with a loud crashing report, and streams far beyond

their summits, in columns aiul streamers of lurid flame. It frequently

happens, however, that in wet or swanqiy ground, where the fire

cannot sjjread around their roots, even the resinous trees refuse to

burn ; and thus swampy tracts are comparatively secure from fire.

In addition to the causes of the progress of fires above referred to,

it is probable that at a certain stage of the growth of forests, wdicn

the trees have attained to great ages, and arc beginning to decay,

they are more readily destroyed by accidental conflagrations. In

this condition the trees are often much moss-grown, and have much
dead and dry wood ; and it is probable that we should regard fires

arising from natural or accidental causes as the ordinary and appro-

priate agents for the removal of such worn-out forests.

V' i
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Where circumstances arc favoiiralilo to tlieir progress, forest fii'es

ly extend over great areas. Tlie great fire which occnrred in

1825, in the ncighhcnn'hnod of tlie Afiramiclii Ilivcr, in New IJrnnswick,

devastated a region 100 miles in k^ngth and 50 miles in hrcadth.

One hundred and sixty personi-, and more tlian 800 cattle, besides

ild lali- d to h .slu'd in this confliianima

grf^tion. In tjiis case, a remarkably dry summer, a light soil easily

aftccted by drought, and a forest compused of full-grown pine trees,

concurred, with other causes, in producing a conflagration of unusual

extent.

When the fire has passed through a portion of forest, if this consist

pvinei])nlly of hardwood trees, they are usually merely scorched,

—

to sucii a degree, however, as in most cases to cause their death

;

some trees, such as the birches, probably fmrn the more inflammable

nature of their outer bark, being more easily killed than others.

Where the woods consist of softwood or coniferous trees, the fire

often leaves nothing but bare trunks and branches, or at most a little

foliage, scorched to a rusty-brown colour. In either case, a vast

quantity of wood remains unconsumcd, and soon becomes sufficiently

dry to funiish food for a new conflagration ; so that the same portion

of forest is liable to be repeatedly burned, until it becomes a bare and

desolate " barren,' with oidy a few charred and wastt d trunks towering

above the blackened surface. This has been the fate of large districts

in Nova Scotia and the neighbouring colonies; and as these burned

tracts could not be immediately occupied for agricultural purposes,

and are duninished in value by the loss '^f their timber, they have

been left to the unaided efforts of nature to restore their original

verdure. Before proceeding to consider more particularly the mode

in which this restoration is effected, and the appearances by which it

is accompanied, I may quote, from a paper by the late Mr Titus

Smith of Halifax, a few statements on this subject, which, as the

results of long and careful observation, are entitled to much respect,

and may form the groundwork for the remarks Avhich are to folh)w.

" If an acre or two be cut do.vn iu the midst of a forest, and then

neglected, it will soon be occupied by a growth similar to that which

was cut down ; but when all the timber on tracts of great size is

killed by fires, except certain parts of swamps, a very different

growth springs up; at first a great number of herbs and shrubs,

which did not grow on the land when covered by living wood. The
turfy coat, filled with the decaying fibres of the roots of the trees

and plants of the forest, now all killed by the fire, becomes a kind of

hot-bed, and seeds which had lain dormant for ccnturieS; spring up

i
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and flourish in the mellow soil. On the most barren portions, the

bluebfrry appears almost everywhere
;

great licUls of red raspberries

and iirc-wecd or French willow, sprin.t^ up along the edges of the

l)eech and hemlock land, and abuud-nco of i-edberried elder and

wild red cherry ui)p{'ar soon after ; but ui a (vw years, the raspberries

and most of the herbage disap|)ear, and are followed by a growtli of

firs, white and yellow birch, and poplar. When a succession of tires

has occurred, small shrubs occupy the barren, the Kalinia, or sheep-

poison, being the most abundant ; and, in the course of ten or twelve

years, form so much turf, tir ', thicket of small alder begins to grow,

under the shelter of which i:r, spruce, aacmetac (larch), .and white

birch spring up. When the ground is thoroughly shaded by a

thicket twenty feet higii, the species which originally occupied the

ground, begins to prevail, and sufTocate the wood which sheltered it

;

and within sixty years, the land will generally be covered witii a young
growth of the same kind that it produced of old." As.suming the

above statements to be a correct summary of the principal modes in

which ftn-ests arc rc})roduccil, we may proceed to cousiilcr them more

in detail.

Isf, Whore the forest trees are merely cut down and not burned,

the same descripti 'ii of wood is immediately reproduced. This may
be easily accounted for. The soil contains abundance of the seeds of

these trees, tliere are even numerous young plants ready to take the

place of those which have been destroyed ; and if the trees have been
cut in winter, their stumps produce young shoots. Even in cases of

this kind, however, a number of shrubs and herbaceous plants, not for-

merly growing in the i)lace, .spring up; the cause of this may be more
properly noHced when describing cases of another kind. This simplest

modr of .he destruction of the forest, may assume another aspect. If

the orij/inal wood have been of kinds requiring a fertile soil, such as

mf' de or beech, and if this wood be removed, for example, for firewood,

11 may happen that the quantity of inorganic matter thus removed
from the soil may incapacitate it, at least for a long time, from pro-

ducing the same description of timber. lu this case, some .species

requiring a less fertile soil may occupy the ground. For this reason,

forests of beech growing on light soils, when removed for firewood,

are souietimcf -.iicceedcd by spruce and fir. I have observed instances

of this kind, both in Nova Scotia and Prince Edward Island.

2dli/, When the trees are burned, without the destruction of the
whole of the vegetable soil, the woods are reproduced by a more
complicated process, which may occupy a number of }ears. In its

first stage, the burned ground bears a luxuriant crop of herbs and

D
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shrubs, Avhieli, if it bo fertil« and not of very great extent, may nearly

cover its surface in tlie summer succeeding tlie fire, Tliis first growth

may comprise a considerable variety of species, wliich we may divide

into three groups. Tlic first of tiieso consists of herbaceous plants,

which have their roots so deeply buried in the soil as to esoaj»e the

efTects of the fire. Of this kind are the various species of Trillium,

whose tuljers are deeply embedded in the black mould of the woods,

and whose flowers may sometimes be seen thickly sprinkled over the

black surface of woodland very recently burned. Some species of

ferns also. In this way, occasi<uially survive forest fires. A second

group is composed of plants whose seeds arc readily transported by

the wind. l*re-eminent among these is the species of Kpilobium

known in Nova Scotia as the fire-weed or French willow (A", angnsti-

folium), whose feathered seeds are admirably adapted for flying to

great distances, and which often covers large tracts of burned ground

so completely, that its purple flowers communicate their own colonr to

the whole surface, ^vhen viewed from a distance. This plant appears

to prefer the less fertile soils, and the name of fire-weed has been given

to it in consequence of its occupying these when their wo( : i been

destroyed by fire. Various species of Senecio, Solldago, n:\i\ vster,

and Equlseta, Ferns, and jVEosses, are also among the first occupants

of burned groiuid ; and their presence may be explained In the same

way with that of the Epilobinm, their seeds and spores being easily

scattered over the surface of the barren by wiiul. A third group of

species, found aim idantly on burned ground, consists of plants bearing

edible frnits. The seeds of these are scattered over the barren by

birds wiiich feed on the fruits, and, finding a rich and congenial soil,

soon bear abundantly and attract more birds, bringing with them the

seeds of other species. In this way, It sometimes happens that a patch

of burned ground, only a few acres in extent, may, in a few years,

contain s^jcclmens of nearly all the fruit-bearing shrubs and herbs

indigenous in the country. Among the most common plants which

overspread the burne<l ground in this maimer, are the raspberry, which.

In good soils, is one of the first to nuike its appearance
; the species

of Vaccinia', or whortle-berries and blueberries ; the tea-berry or

wintergreen [GauUheria procumbens) ; the pigeon-berry [Cornus cana-

densis) ; and the wild strawberry. It Is not denied that some plants

may be found in recently burned districts whose presence may not be

explicable in the aljove modes ; but no person acquainted with the facts

can deny that nearly all the plants which appear In any considerable

quantity within a few years after the occurrence of a fire, may readily

be Included In the groups which have been mentionefll, yty the
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simple means which have been described, a clothing of vegetation is

speedily furnished to the burned district ; the unsightlinoss of its

appearance is thus removed, aliuiidant supjiiies of food arc fnrnishcii

to a great variety of animals, and the fertility of the soil is preserved,

until a new forest has time to overspread it.

With the smaller plants which firat cover a burned district great

numbers of seedling trees spring up, and these, though for a few

years not very conspicuous, eventually overtop and, if numerous,

suftbcato the humbler vegetation. Many of these young trees are

of the species -which composed the original wood, but the majority

arc usually different from the former occupants of the soil. The

original forest may have consisted of white or red })ine; black,

white, or hemlock spruce ; maple, beech, black or yellow birch,

or of other trees of large dimensions, and capable of attaining to

a great age. The "second growth" which succeeds those usually

consists of poplar', white or poplar birch, wild cherry, balsam tir,

scrub pine, alder, and other trees of small stature, and usually of

rapid growth, which, in good soils, prepare the way for the larger

forest trees, and occupy permanently only the less fertile soils. A
few examples will show the contrast which thus appears between the

primeval forest and that which succeeds it after a fire. Near the

town of Pictou, woods chiefly consisting of beech, maple, and hemlock,

have been succeeded by white birch and firs. A clearing in woods

of maple and beech in New Annau, at one time under cultivation,

was, after thirty years, observed to be thickly covered with poplars

thirty feet in height, presenting a .strikii.g contrast to the surrounding

woods. In I'rince Edwiud Island, fine hardwood forests liave been

succeeded by fir and spruce. The pine woods of Miramichi,

destroyed by the great fire above referred to, have been followed

by a second growth, principally composed of white birch, larch,

pojdar, and wild cherry. AVlien 1 visited this i)lace, twenty years

after the great fire, the second growth had attained to nearly half

the height of the dead trunks of the ancient pines, which were still

standing in great numbers ; and in iHiJO 1 found that the Imrnt woods
were replaced by a dense and luxuriant forest principally of white

birch aud larch or hacmetac, and I was informed that some of these

trees were already sufficiently large to be used in ship-building.

This is an instructive illustration of the fact, that after a great forest

fire an extensive region may in less than half a century bo re-clothed

with different species from those by which it was originally covered.

As already stated, the second growth almost always includes many
trees similar to those which preceded it, and when 'ho smaller trees

1 }
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have attained their full height, these, and other trees capable of

attaining a greater magnitude, overtop tlieni, and finally cause their

death. The forest has then attained its last stage, that of perfect

renovation. The cause of the last part of the process evidently is,

that in an old forest, trees of the largest size and longest life have

a tendency to prevail, to the exclusion of others. For reasons -which

Avill be afterwards stated, this last stage is rarely attained by the

burned forests in countries beginning to be occupied by civilized

man, and it is evident that many circumstances may occur Avhich will

prevent this restoration of the jjrimeval i'orest.

In accounting for the presence of the seeds necessary for the

production of the second growth, we may refer to the same causes

which supply the seeds of the smaller plants ai)pcaring immediately

after the fire. The seeds of many forest trees, especially the poplar,

the birch, and the firs and spruces, are furnished with ample means

for their conveyance through the air. The cottony paj)pus of the

poplar seems especially to adapt it for this purpose. The seeds of

the wild cherry, another species of frequent occurrence in woods

of the second growth, are dispersed by birds, which arc fond of the

fruit; the same remark ap))lies to some other fruit-bearing species of

less frequent occurrence. AVhen the seeds that are dispersed in these

ways fall in the growing woods, they cannot vegetate
; but when they

are deposited on the comparatively bare surface of a barren, they

readily grow ; and if the soil is suited to them, the young plants

increase in size with great rapidity.

It is possible, however, that the seeds of the trees of the second

growth may be already in the soil. It has been already stated, that

deeply-buried tubers sometimes escape the effects of fire ; and, in

the same manner, seeds embedded in the vcgetal)lc moidd, or burled

in cradle hills, may retain their vitality, and, being supplied by tlie

ashes which cover the ground with alkaline solutions well-fitted

to pi'omote their vegetation, may spring up before a supply of seed

could be furnished from any extraneous source. It is even probable

that many of the old forests may already have passed through a

rotation similar to that above detailed, and that the seeds deposited

by former preparatory growths may retain their vitality, and be called

into life by the ftivourable conditions existing after a fire.

If, as already suggested, forest fires, in tiie uncultivated state of

the country, be a provision for removing old and decaying forests,

then such changes as those above detailed must have an important

use in the economy of nature, since by their means different i^"rtions

of the country would succeed each other in assuming the state of

\
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" barrens," producing ahnndancc of herbs and wild fruits suitable for

the sustenance of animals wliicli could not subsist in the old woods

;

and these gradually becoming wooded, would keep np a succession of

young and vigorous forests.

3r/(y, Tlie process of restoration may be interrupted by succes-

sive fires. Tliose wo most likely to occur soon after tlie first burning,

but may happen at my subsequent stage. Tlie resources of nature

are not, liowcver, easily exhausted. AVhen fires pass through young

woods, some trees always escape ; and so long as any vegeiable soil

remains, ymmg plants continue to spring up, though not so jdontifully

as at first. liepoatcd fires, liowcver, greatly impoverish the soil,

since the most valuable part of the ashes is readily removed by rains,

and the vegetable mould is entirely consumed. In this case, if the

ground bo not of great natural fertility, it becomes incapable of

supp(n'ting a vigorous crop of young trees. It is then permanently

occupied by shrubs and herbaceous plants; at least these remain

in exclusive possession of the soil for a long period. In this state

the burned ground is usually considered a permanent barren,— a name

which does not, however, well express its character; for though it

may appear bleak and desolate when viewed from a distance, it is

a perfect garden of flowering and fruit-bearing plants, and of beautiful

mosses and lichens. There are few persons born in the American

colonies who cannot recall the memory ol' happy youthful days spent in

gathering flowers and berries in the burnt barrens. Most of the plants

already referred to as appearing soon after fires continue to grow in

these more permanent barrens. In addition to these, however, a great

variety of other pints gradually appvar. especially the Kalmia
angust/folia, or sheep laurel, which often becomes the predominant

plant over large tracts. Cattle straying into the barrens deposit

the seeds of cultivated plants, iis the grsusjcs and clovers, as well

as of many ex<-tic weeds, which often gi-ow as luxuriantly as any of

the native plants.

Lasth/, When the ground is prTmaBeTrtly occupied for agricultural

purposes, the reproduction of the forest is of course entirely prevented.

In this case, the greater number of the smaller plants found in the

barrens disappear. Some species, as the Solidagos and Asters,

and the <';uia(la thisllc, as well as a few smaller plants, remain in

the fields and souu'times become trowblesomc weeds. The most
injurious weeds found in the cultivated ground are not, however,

native plant.<i, but foreign species, which have been introduced with
the cultivated grains and grasses; the ox-eyed daisy or white weed
aad the crowsfoot or buttercup, are two of the most abundant of these.

^ :
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When a district has iiiulcrgouc this hist change,—when the sombre

woods and tlic shade-loving phmts tiiat grow hcnf^atli them have

given jdacc to ojien fields, clothed with cnltivatcd jdnats,—the meta-

morphosis which has taken place extends in its effects to the indige-

nous animals ; and in this department its effects arc nearly as con-

si)icuous and import.ant as in relation to vegetatinn. Some wild

animals arc incapable of accommodating themselves to the cliange of

circumstances ; others at once adapt themselves to new modes of life,

and increase greatly in numbei'S. It Avas before stated that the barrens,

when clothed with shrubs, young trees, and herbaceous plants, were

hi a condition higldy favourable to tlie sujjport of wild animals ; and

perhaps tliere are few species which could not subsist more easily in a

country at least partially in this state. For this reason, the transition

of a country from the forest state to that of burned barrens is tempo-

rarily favourable to many species, Avliich disappear before tiie progress

of cultivation ; and this would be more evident than it is, if European

colonization tlid not tend to produce a more destructive warfare against

such species than could be carried on by the aborigines. Tlic ruffed

grouse, a truly Avoodland bird, becomes, when rmmolested, more

numerous on the margins of barrens and clearings than in other parts

of the woods. The hare multiplies exceedingly in young second

growths of birch. The wild pigeon has its favourite resort in the

barrens during a great part of the summer. Tlic moose and cariboo,

in summer, find better supplies of food in second growth and barrens

than in the old forests. The large quantities of decaying wood, left

by fires and wood-cutters, afford more abundant means of subsistence

to the tribe of woodpeckers. Many of the fiy-catchers, warblers,

thrushes, and sparrows, greatly prefer the barrens to most other

places. Carnivorous birds and quailrupcds are found in such places in

numbers proportioned to the sup})lics of food which they aftbrd. The
number of instances of this kind might be increased to a great extent

if necessary ; enough has, however, been stated to illustrate the fact.

Nearly all the animals above noticed, and many others, disappear

when the country becomes cultivated. There are, however, other

species which increase in numbers, and at once adapt themselves to

the new conditions introduced by man. The robin {Turdus migra-

torius) resorts to and derives its subsistence from the fields, and

greatly multiijlies, though much persecuted by sportsmen. The

Junco hi/cmalis, a summer bird in Nova Scotia, becomes very

familiar, building in outhouses, and frequenting barns in search of

food. The song sparrow and Savannah finch swarm in the cultivated

ground. The yellow bird [Sylvia cestiva) becomes very familiar, often

I
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building iu gardens. The gnlden-wingod woodpeokor resorts to the

cultivated tields, picking gnibs and worms i'mm the ground. Tiie

cliff-swallow oxehangcs the faces of rocks fur the caves of barns and

houses, and the barn and chinniey swallows arc everywhere ready to

avail themselves of the accommodation afforded by buildings. The

Acadian or little owl makes its abode iu barns during winter. The bob-

lincoln, the Jving-bird, the waxwing or cherry-bird, and the humming-

bird, are among the species which proiit by the progress of cultivation.

The larger fpuidrupeds disappear, but the fox and ermine still prowl

about the cultivated gmunds, and the field-mouse [Arvimla I'enmijl-

vanica), wiiieh is very abundant in some parts of the woods, is equally

so in the iields. Many insects are vastly increased in numbers in

consequence of the clearing of the forests. Of this kind are the

grasshojjpers and locusts, which, in dry seasons, arc very destructive

to grass and grain ; the frog-spittle insects (Cercopis), of which several

species arc found in the fields and gardens, and are very injurious to

vegetation ; and the Lepidoptcra, nearly the whole of which find

greater abundance of food and more favourable conditions in the

burned barrens and cultivated fields than iu the growing woods.

It, thus appears that, in the eor.rsc of between two and three centuries,

large areas of the Acadian provinces have passed through two cu- more

of the following conditions :— 1. That of primitive forest ; 2. That of

second-growth forest; 3. That of the burned barren; 4, That of

cultivated fields. Each of these changes is accompanied with modifi-

cations of the animal population; and iu primitive states of society

each would iuiply a change in the halnts of the people; and, if very

extensive, mi<'-ht even cause migrations of tribes and important changes

of population. In the old world, most countries luive passed tlu'ough

these vicissitua,''s ii: very early times, and have subse(iuently reached

a more stable condition, with more slow and gradual changes; and in

extensive regions it has usually happened that the destruction and

removal of forests have been eft'eetcd piecemeal, so as to extend only

over limited areas at o:)0 time. The case of Denmark •'voidd seem to

have been an exception to this.* At a very early pre-historic time it

seems to have been covered by forests of Scotch fir. These were

destroyed, probaldy by a great fire like that of Miramichi. The people

perished or were driven from the country, and were replaced by another

race, while the forests grew up again, but were now composed of oak.

Still more recently the oak forests were re})laeed by beech. The stages

of unrecorded human history eoimected in Denmark with.these successive

forests, are thus summed up by Steenstrup and ]Morlot :— *' 1st, A stone

* Lyell, "Antiquity of Jfan;" Lubbock, in Nat. Hist. Review.
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period, when the inliabltants were small-Hlzed men, bracliykephalous

or sliovt lieaded, like the iiiodcini liapps, using stone Iniplcmonts, and

subsisting by hunting. Tiicn tlie country, or a consi(h!rablc part of it,

was covered by forests of .Scoteli fir {^I'imis si/Ivrstris). 2^/, A bronze

period, in wbieli implements of bronze as well as of stone ucre used,

and the skidls of the people were larger and lunger than in the previous

period; while the country seems to have been covered with forests of

oak {Qifrciis rubur). 3d, An iron jjcriod, which lasted to the historic

times, and in which beech forests rejdaccd those of oak." All of these

remains are ge(dogieally recent ; and, except the changes in the forests,

and of sonic indigenous animals in consequence, and probably a slight

elevation of some parts of Denmark, no material changes in organic

or inorganic nature have occurred.

The Danish antiquaries have attempted to calculate the age of the

oldest of these deposits by consiilerations based on the growth (jf peat,

and the succession of trees; but these calculations arc obviously

unreliable. The first forest of pines Avould, wdien it attahicd maturity,

naturally be destroyed, as usually happens iu America, by forest

conflagrations. It might perish in this way in a single summer. The

second growth which succeeded would, in America, be birch, jioplar,

and similar trees, which would form a new and tall forest in half a

century ; and iu two or three centuries wxiuld probably be succeeded

by a second permanent forest, which in tlic present case seems to have

been of oak. This would be of longer continuance, and would, inde-

pendently of human agency, only be I'cplaced by beech, if, in the

course of ages, the latter tree proved itself more suitable to the soil,

climate, and other conditions. Both oak and beech are of .slow ex-

tension, their seeds not being carried by the winds, and only to a

limited degree by birds. On the other hand, the changes of forests

cannot have been absolute or universal. There must have been oak

and beech groves even in the pine woods; and the growing and

increasing beech woods would be contemporary with the older and

decaying oak forest, as this last would probably perish, not by fire, but

by decay, and by the competition of the beeches. The growth of peat

has also been appealed to in connexion with the succession of forests

as affording a mark of time ; but this is very v.iriable even in the same

locality. It goes on very rapidly when moisture and other conditions

are favourable, and especially when it is aided by wind-falls, drift-

wood, or beaver-dams, impeding drainage and contributing to the ac-

cumulation of vegetable matter. It is retarded and final'y terminated

by the rise of the surf\ice above the drainage level, by the clearing of

the country, or by the establishment of natural or artificial drainage.
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On the one Imnd, all tlic changes observed In J")oninark may have taken

place within a niiiiimnm time of two thoiisaiid years. On the other

hand, no one can a(lii in that cither of the three snccessive forests may

not have flouri.shcd I'm- that length of time. A chronology measured

by years, and based on such data, is evidently worthless ; but it is

interesting in connexion with our present subject to observe, that the

n mains preserved in the shell-heaps or " Kjoklienmikldiug " of the

stone age in Denmark indicate a wonderful similarity of habits and

customs with those ui' primitive America, except tiiat the people seem

to have borne a closer resemblance to the Ks([uinuiux than to the

ordinary American Indian.

On the whole, nothing can Ijc more striking to any one acquainted

with the American Indian tiian the entire sinularlty of the traces of

pre-historic man in Kurope to tliose which remain of the primitive

condition of the American aborigii'cs, whether wo consider their food,

their implements and weapons, or their modes of sepulture ;
and it

seems evi<k>nt that if these jjre-historic remains are ever to be correctly

interpreted by JOuropean anti([uaries, they must avail themselves of

American light for their guidance. Much of this light has already

been thrown on this subject by my friend Professor Wilson, in his

" Prehistoric Man ;

" but one can scarcely open any European book on

this subject, or glance at any of the numerous articles and papers on

this fertile theme in scientific journals, without wishing that those

who discuss pre-historic man in Europe knew a little more of his

analogue in America. The subject is a tempting one, but I must

close this notice, already too long for the space 1 should devote to it,

by remarking, that the relations in America of the short-headed aiul

long-headed races of neu are by no means dissimilar from those of

the two similar race .,1 Europe
;
while it is also evident that some pre-

historic skulls, supposed to be of vast antiquity, as, for instance, that of

Engis, bear a very close resemblance to those of the Algonquin and

Iroquois Indians.
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CHAPTER V.

Tin; i*oHT-rLioci:xE immuod.

IJNSTUATIFIF.D HUH'T TIt.VVr.M.KU IIOL'I.OKUS STUIATKIJ HOCK SUR-

KACF.S—I'KAT UNDF.K liOULDKIl CLAY—ORIOIN 01" nUlFT—STUATIFIKIJ

GKAVKI.S—UKMAINS OF MASTODON.

The deposits last describcil arc found in llie bed or on the margin oi'

the existing waters, and they rest nn tiie cirdinary upland soils, whieli

are conseciucntly older than tiiey. Tlie.se soils and subs(jils, which are

often of great deptli, and -wliieli over a great part of the region under

consideration completely hide the rocks which lie beneath, belong to

the formations which we are now to describe. The soils and subsoils of

any country, so far at least as they consist of mineral matter, arc

derived from the waste of the rocks of which that country is composed.

Hence we are in no Avay surprised to find the soil overlying sandstone

rocks to be sandy, tliat over shales and slates to consist in great ])art

of clay, or that overlying limestmie to be calcareous ; and we may
attribute sucii a})pearances to tlic mere waste or decay of the under-

lying rock, by tlie action of the air, the water, and the frost. This

waste may have been proceeding ever since the country emerged from

beneath tlic deep, and need not necessarily belong to one geological

period more than to another. Uut the case becomes very diftercnt

where we find the soil to consist of or to contain materials ibr whose

presence we cannot account liy any causes nou' in operation in the

locality
;
and this we sliall iind to be the case with the formations of

that time which immediately preceded our Modern ei)0ch, and which

we name the Post- Pliocene ; but which, from the nature of its deposits,

and the conditions which they imply, has also received such named as

the drift, the boulder formation, and tlic glacial period.

If we examine the materials exposed in tu'dinary excavations, or on

the coasts and river banks, and which extend from the surface down
to the solid rocks, we find them to consist of clay or sand intermixed

with large stones, or occasionally of large stones with their interstices

filled with soil, or possibly in a few localities of rolled gravel, like that
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fuiiiid on tlic ItCiicli or in river hcil-i. it' our inquiries proceed a littlu

beyond a mere g!:inee at tlicse at first si^dit nut very interesting

nuiti'riiii.s, wo may dineover that the iar;,'e .sti'iio.s in tho drift are of very

dillerent kinds. Some of them, perha|.« the greater number, may bo

of the same kind witli the roek.s oecurring !n situ m the vicinity.

Others are of ki)ids nnt Inund In plaee exee|it at great distances. It

is t'arllier ()h,-irrval)ic tliat the clay or sand cnntaining large, stones, is

no* arranged in hiyers, hut tiiat its materials are confusedly intermixed.

The lino rounded gravol, however, is not only enmparatively free

fmni large stones, hut it is arranged in beds or layers, (ilten with

bauds of sand between. We shall also In .some loealities lind beds of

fine clay containing marine shells, and sometimes, though rarely, com-

pressed peaty matter underlying the dril't deposits.

iJy studying the superposition of these nuiterials, wc may readily

arrive at the following arrangement of them in descending order, or

from the newer to the older :

—

1. (Jravel and sand beds, and ancient gravel ridges and beaches,

indicating the action of shallow water and strong currents and

waves.

2. Stratitled clay with shells, showing quiet deposition in dee^jer

water.

ti. Unstratificd boulder clay, indicathig the united action of ice and

water.

4. Peaty do])o.7lts, belonging to a land surface preceding the deposit

of the boulder clay.

As the third of these formations Is the most important and generally

ditTused in Acadia, we shall attend to it lirsl, and notice the relation

of the others to it.

The Unstratijicd Drift or boulder clay may be viewed as consisting

of a basse or paste including angular and rounded fragments of rocks.

The base varies from a stitV clay to loose sand, and its composition and

colour generally depend upon those of the underlying and neighbour-

ing rocks. Thus, over sandstone it is arenaceous, over shales argil-

laceous, and over conglomerates and hard slates pebbly or shingly.

The greater number of the stones contained in the drift are usually,

like the paste containing them, derived from the neighbouring rock

formations. These untravcUed fragments are often of large size, and

are usually angular, except when they arc of very soft material, or of

rocks whose corners readily Aveathcr away. It is xmneccssary to give

illustrations of these facts. Any one can observe, that on passing from

a granitic district to one composed of slate, or from slate to sandstone,

t .•
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STRIATED KOCK SUKFACES. et
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Annapolis, and deposited on the slopes of the opposite trappean ridge
;

and some of them have been carried round its eastern end, and now lie

on the shores of Londonderry and Onslow. So also, while immense

numbers of boulders have been scattered over the south coast from

the granite and quartz rock ridges immediately inland, many have

drifted in the opposite direction, and may be found scattered over the

counties of Sydney, I'ictou, and Colciicster. These facts show that

the transport of travelled blocks, though it may here as in other parts

of America, have been principally from the northward, has by no means

been exclusively so ; boulders having been carried in various directions,

and more especially from the more elevated and rocky districts to the

lower grounds in their vicinity. Professor Hind has shown the

e.xistcnce of a similar relation between the boulders of New Brunswick

and the hilly ranges of that country.

As might have been expected, the removal of these travelled

masses has occasioned important changes of the surface, or, to use the

ordinary geological term, there has been very extensive denudation \\\

the production of the buulder deposits. A very large proportion of

the present features of tlie surface indeed result from this cause ; the

ridges of Cumberland, the deep valley of Cornwallis and Annapolis,

the great gorges crossing the Cobequid Mountains and the western

end of the North Mountains in Annapolis and Digby counties, such

eminences as the Gi'cenhill in Pictou county, and Onslow Mountain in

Colchester, are due in great part to the removal of soft rocks by

denuding agencies of this period, while the harder rocks remained in

projecting ridges. On the other hand, it might be shown that many
masses of rock which once projected above the surface have been

greatly diminished or entirely removed.

One of the most remarkable effects of the transport of surface

materials is the scratchluQ andpolishing of rock surfaces, a phenomenon

which prevails very extensively over the northern parts of America

and Europe, and may be frequently observed in Nova Scotia. Indeed

it is the rule rather than the exception, that when a fresh rock-surface

is uncovered by the removal of the boulder clay, it is found to be

smoothed and marked with striic, scratches, and furrows, usually in a

uniform direction ; the whole being evidently the result of the passage

of heavy and hard substances over the surface. These scratches or

furrows arc useful as indicating the direction in which the mass of

superficial detritus has been moved; and I have even used this

direction Avith success in tracing useful minerals found in fragments

among the drift to the sources whence they were derived. I give

below the directions of the diluvial scratches in a number of localities

in different parts of the province.
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S. 20' E. to S. 30° E.

E. & AV. nearly.

S. 20' W.
S. 20^ E.

S. 30° E.

S. 25° E.

S. G5° E. & S. 20° E.

S.S.E.

Nearly S. & N.

Nearly S. & N.

Nearly E. & W.
Nearly N. & S.

Nearly S. & N.

S. 30° W *

Point Pleasant, and other places near Halifax,

exposure soutli, very distinct striic,

Head of the Jiasin, exposure south, but In a

valley, ......
La Have Itiver, exposure S.E.,

Petite Kivcr, exposure S. . . .

Boar River, exposure N.,

Kawdon, exposure N., .

The Gore Mountain, exposure N., two sets of

stricT, respectively, ....
Windsor Road, exposure not noted.

Gay's River, exposure N.,

]\Iusquodoboit Harbour, exposure S.,

Near Pictou, exposure E., in a valley.

Poison's Lake, summit of a ridge, .

Near Guysboro', exposure not noted,

Sydney Mines, Cape Breton, exposure S.

The above instances show a tendency to a southerly and south-

easterly direction, which accords with the prevailing course in most

parts of North-eastern America. Local circumstances have, however,

modified this prevailing direction ; and it is interesting to observe

that, while S. E. Is the prevailing direction in Acadia and New
England, it is cxcejitional in the St Lawrence valley, where the

prevailing direction is S.W.f Professor Hind has given a table of

similar striation in New Brunswick, showing that the direction ranges

from N. 10° W. to N. 30° E., in all cxcc[)t a very few cases. On Blue

Mountains, IGoO feet above the sea, it is stated to be N. and S. As
in Nova Scotia, N. W. and S. E. seems to be the prevailing course.

The travelled and untravolled boulders are usually intermixed in

the drift. In some instances, however, the former appear to be most

numerous near the surface of the mass, and their horizontal distribution

is also very irregular. In examining coast sections of the drift, we
may find for some distance a great abundance of angular blocks, Avith

few travelled boulders, and tlien we may observe a portion of the

shore or bank in which both varieties are equally intermixed, or in

which travelled boulders prevail ; and we may often observe particular

kinds of these last grouped together, as, for Instance, a number of

blocks of granite, greenstone, syenite, etc., all lying together, as

if they had been removed from their original beds and all deposited

* The above and other courses in this volume are magnetic, the average variation

being about 18° W.

t Logan, " Koport on Geology of Canada."
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togctlicr at one operation. On the surface of the country wlicro the

woods have been rciiiovccl, this arrangement is sometimes equally

evident; thus hundreds of granite boulders may be seen to cumber

one limited spot, while in its neighbourhood they are compara-

tively rare. It is also well known to the farmers in the more rocky

districts, that many spots which appear to be covered with boulders

have, when those arc removed, a layer of soil comparatively free from

stones beneath. Those appearances may in some instances result

from the action of currents of water, whicii have in spots carried off

the sand or clay, leaving the boulders behind ; but in many cases this

is manifestly the original arrangement of the material.

Boulders or travelled stones are often found in places where there

is no otlior drift. Tor example, on bare granite hills, about 500 feet

in height, near the St Mary's liiver, there are large angular blocks

of quartzite, derived from tlic ridges of that material which abound in

the district, but arc sejjarated from the hills on which the fragments

lie by deep valleys.

In Canada and the Northern States, as well as in Scotland, marine

shells are sometimes found in the boulder formation as well as in the

clays overlying it ; and it is Avorthy of remark that these shells arc of

such species as indicate a colder or more arctic climate than that

which at present prevails in those countries. In Nova Scotia I have

observed nothing of this kind; and the only evidence of organic life,

during the boulder period, or immediately before it, that I have noticed

is a hardened peaty bed which a^ pears under the boulder clay on the

north-west arm of the Iliver of Inhabitants in Capo Breton. It rests

upon gray clay similar to that which underlies peat bogs, and is over-

laid by nearly twenty feet of boulder clay. Pressure has rendered it

nearly as hard as coal, though it is somewhat tougher and more earthy

than good coal. It has a glossy appearance when rubbed or scratched

with a knife, burns with considerable flame, and approaches in its

characters to the brown coals or more imperfect varieties of bituminous

coal. It contains many small roots and branches, apparently of

coniferous trees allied to the spruces. The vegetable matter composing

this bed must have flourished before the drift was spread over the

province, so that it belongs to some part (probably one of the later

parts) of the great tertiary group of rocks of which the drift is the

latest member.

If we ask what has been the origin of this great mass of shifted and

drifted material, which overspreads the surface not only of the district

we are now describing, but the greater part of the land of the northern

hemisphere, we raise one of the most vexed questions of modern ge-
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ology. In reasoning, however, on this subject as regards Nova Scotia,

I have the advantage of appealing to causes now in operation within

the country, and which are at present admitted by the greater number

of modern geological authorities to aflford the best explanation of the

phenomena. In the first place, it may at once be admitted that no

such operations as those which formed the drift are now in progress on

the surface of the land, so that the drift is a relic of a past state of

things, in so far at least as regards t>ie localities in which it now rests.

In the next place, we find, on examining the drift, that it strongly re-

sembles, though on a greater scale, the effects now produced by frost

and floating ice. Frost breaks up the surface of the most solid rocks,

and throws down cliffs and precipices. Floating ice annually takes

up and removes immense quantities of loose stones from the shores,

and deposits them in the bottom of the sea or on distant parts of the

coasts. Very heavy masses are removed in this way. I have seen in

the Strait of Canseau large stones, ten feet in diameter, that had been

taken from below low-water mark and pushed up upon the beach.

Stones so large that they had to be removed by blasting, have been

taken from the base of the cliffs at the Joggins and deposited off the

coal-loading pier, and I iiave seen resting ou the mud-flats at the

mouth of the Petitcodiac River a boulder at least eight feet in length,

that had been floated by the ice down the river (Fig. 11). Another

Fig. 11.— Travelled Slone, retitcodiac River.

'

testimony to the same fact is furnished by the rapidity with which

huge piles of fallen rock are removed by the floating ice from the base

of the trap cliffs of the Bay of Fundy. Let us suppose, then, the

surface of the land, while its projecting rocks were still uncovered by
surface deposits, exposed for many successive ccntui'ies to the action

of alternate frosts and thaws, the whole of the untravelled drift might

have been accumulated on its surface. Let it then be submerged
until its hill-tops should become islands or reefs of rocks in a sea loaded

in winter and spring with drift ice, floated along by currents, which,

like the present Arctic current, would set from N.E. to S.W. with

various modifications produced by local causes. We have in these

\m\
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causes ample means for accounting for the whole of the appearances,

inchuling the travelled blocks and the scratched and pulished rock-

surfaces. Tliis, however, is only a general explanation. Had we

time to follow it into details, many most interesting and compli-

cated facts and processes would be discovered. I mention merely one

for an example, as it illustrates the manner in wliich the land may

have subsided beneath the boulder-bearing seas. I have stated that

large blocks of sandstone from t!ie plains of Cumberland have been

carried to tlic summits of the Cobequid Mountains. When these

blocks Avere carried to tlieir present place, the waters must have

reached to the summits of the hills ; but at that time the plain from

which these blocks came must liave been several hundred feet below

the sea-level. How then could ice take them from such a depth?

We may fancy huge icebergs grounding in this deep water, but they

could not float over the hills or ground against their summits. The

explanation is that the country was gradually subsiding. While the

water was shallow, tlie blocks were drifted against the base of the hills.

As the land sunk, the ice-fields of successive years gradually pushed

them higher, until the summits of the hills were submerged so deeply

that the ice could no longer take up the blocks. Most of the ap-

parent anomalies of the drift may be explained in such ways, when

the theory of ice-carriage is once admitted.

I iiave retained the above explanation of the boulder clay, which

appeareil in my edition of 1855, because I have as yet seen no reason

to change my opinion on the subject, although I have since that time

had opportunities of studying the Post-pliocene of Canada and other

parts of America and of Europe, and nave read nearly all that has

been written by the advocates of a terrestrial origin of this deposit, in

a supposed glacial period when the whole of the northern parts of

Europe and America are imagined to have been covered with glaciers,

or rather with a universal glacier like that of Greenland, but on an

enormously larger scale. The more I have considered this hypothesis,

the more improbable it has appeared, whether in a mechanical, me-

teorological, or geological point of view ; and a recent visit to Mont
Blanc, and the study of the effects produced by ii?ebergs in the Straits

of Belleisle, have more fully established in my mind the belief that

floating ice and the Arctic current have been the grand agents em-

ployed. As the glacier hypothesis of Agassiz, Ramsay, and others, has

been incorporated into the best American text-book of geology, that

of Professor Dana, and has recently been ably advocated in the case of

New Brunswick, J. may here give some of my reasons for dissenting

from it, as stated in a paper published some time ago in Canada.

8.
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The facts ti) be accounted for arc tlie striation and polishing of

rock surfaces, the deposit of a sheet of unstratified clay and stones,

the transport of boulders from distant sites lying to the northward,

and the deposit on the boulder clay of beds of stratified clay and sand,

containing marine shells. The rival theories in discussion are,

—

-first,

that which sup[)oseH a gradual subsidence and re-elevation, with the

action of the sea and its currents, bearing ice at certain seasons of the

year; and, secondly, that which supposes the American land to have

been covered with a sheet of glacier several thousands of feet thick.

The last of these theories, without attempting to undervalue its

application to such regions as those of the Alps or of Spitzbergen or

Greenland, has appeared to me inapplicable to the drift deposits of

eastern America, for the following among other reasons :

—

1. It requires a series of suppositions unlikely in themselves and

not warranted by facts. The most important of these is the coin-

cidence of a wide-spread continent and a universal covering of ice

in a temperate latitude. In the existing state of the world, it is well

known that the ordinary conditions required by glaciers in temperate

latitudes are elevated chains and peaks extending above the snow-

line ; and that cases in which, in such latitudes, glaciers extend nearly

to the sea-level, occur only where the mean temperature is reduced

by cold occfvn-eurrents approaching to high land, as for instance in

Tierra del Fuego and the southern extremity of South America. But

the temperate regions of North America could not be covered with

a permanent mantle of ice under the existing conditions of solar

radiation ; for, even if the whole were elevated into a table-land, its

breadth would secure a sufficient summer heat to melt away the ice,

except from high mountain-peaks. Either, then, there must have been

immense mountain-chains which have disappeared, or there must have

been some unexampled astronomical cause of refrigeration, as, for ex-

ample, the earth passing into a colder portion of space, or the amount

of solar heat being diminished. But the former supposition has no

warrant from geology, and astronomy affords no evidence for the latter

view, which, besides, would imply a diminution of evaporation mili-

tating as much against the glacier theory as would an excess of heat.

An attempt has recently been made by Professor Frankland to account

for such a state of things by the supposition of a higher temperature

of the sea, along with a colder temperature of the land; but this

inversion of the usual state of things is unwarranted by the doctrine

of the secular cooling of the earth ; it is contradicted by the fossils of

the period, which show that the seas were colder than at present;

and if it existed, it could not produce the effects required, unless a
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preternatural arrest were at the same time laid on the winds, which

spread the temperature of the sea over the land. The alleged facts

observed in Norway, and stated to support this view, are evidently

no'Mng but the results ordinarily observed in ranges of hills, one side

of which fronts cold sea-water, and the other land warmed in summer

by the sun.

The sjipposcd effects of the varying eccentricity of the earth's orbit,

80 ably expounded by Mr Croll, arc no doubt deserving of consider-

ation in this connexion ; but I agree with Sir Charles Lyell in regarding

them as Insufficient to produce any effect so great as that refrigeration

supposed by the theory noAV before us, even if aided by what Sir

Charles truly regards as a more important cause of cold,—namely,

a different distribution of land and water, in such a manner as to give

a great excess of land in high latitudes.

2. It seems physically impossible that a sheet of ice, such as that

supposed, could move over an uneven surface, striating it in directions

uniform over vast areas, and often different from the present inclina-

tions of the surface. Glacier ice may move on very slight slopes, but

it must follow these ; and the only result of the immense accumulation

of ice supposed, would be to prevent motion altogether l)y the want

of slope or the counteraction of opposing slopes, or to induce a slight

and irregular motion toward the margins or outward from the more

prominent protuberances.

It is to be observed, also, that, as Hopkins has shown, it is only

the sliding motion of glaciers that can polish or erode surfaces, and

that any internal changes resulting from the mere weight of a thick

mass of ice resting on a level surface, could have little or no influence

in this way.

3. Tlie transport of boulders to great distances, and the lodgment

of them on hill-tops, could not have been occasioned by glaciers.

These carry downward the blocks that foil on them from wasting

cliffs. But the universal glacier supposed could liave no such cliffs

from which to collect ; and it must have carried boulders for hundreds

of miles, and left them on points as high as those they were taken

from. On the Montreal Mountain, at a height of 600 feet above the

sea, are huge boulders of feldspar from the Laurentide Hills, which

must have been carried 50 to 100 miles from points of scarcely greater

elevation, and over a valley in which the strias are in a direction nearly

at right angles with that of the probable driftage of the boulders.

Quite as striking examples occur in many parts of this country. It

is also to be observed that boulders, often of large size, occur scattered

through the marine stratified clays and sands containing sea-shells

;
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and whatever views iiuvy be entertiiiuetl as to other bouhh;rs, it cannot

be denied tliat these have been borne by floating; iee. Nor h it true,

as has been often atTirnicd, tliat tlie l)ouUh!r ehiy is de.stitutc of niariue

fossils. At Isle Verte, Itiviere du Loup, Murray JJay, and St Niehohis

on the St Lawrenee, and also at Cape Elizabeth, near Portland, there

arc tough stony elays of the nature of true "till," and in the lower

part of the drift, which contain numerous marine shells of the usual

Post-pliocene sjiecies.

4. The I'ost-pliocene deposits of Canada, in their fossil remains

and general character, indicate a gradual elevation fi nil a state of

depression, which on the evidence of fossils must have extended to at

least 500 feet, and on that of far-travelled boulders to several times

that amount; while there is nothing but the boulder clay to represent

the previous subsidence, and nothing whatever to represent the sup-

posed previous ice-clad state of the land, cxcejjt the scratches on the

rock surfaces, which must have been caused by the same agency which

deposited the boulder clay.

5. The peat deposits, with fir-roots, found below the boulder clay

in Cape Breton, the remains of plants and land- snails in the marine

clays of the Ottawa, and the shells of the St Lawrence clays and

sands, show that the sea at the period in question had nearly the tem-

perature of the present Arctic currents of our coasts, and that the land

was not covered with ico, but supported a vegetation similar to that

of Labrador and the north shore of the St l^awrencc at present. This

evidence refers not to the later period of tlio Mammoth and Mastodon,

when the re-elevation was perhaps nearly complete, but to the earlier

period contemporaneous with or immediately following the supposed

glacier period. In my former papers on the Post-pliocene of the St

Lawrence, I have shown that the change of clinuite involved is not

greater than that which may have been due to the subsidence of land,

and to the change of course of the Arctic current, actually proved by

the deposits themselves.

These objections might be pursued to much greater length ; but

enough has been said to show that there are, in the case of north-eastern

America, strong reasons against the existence of any such period of

extreme glaciation as supposed by many geologists ; and that if we
can otherwise explain the I'ock striation and polishing, and the forma-

tion of fiords and lake basins, the strong points with these theorists,

we can dispense altogether with the portentous changes in physical

geography involved in their views, and which ai'e not necessary to

explain any of the other phenomena.

On these points, the Report of the Geological Survey of Canada
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throws now light; though Sir Willinm l^ogan, with his usiml caution,

has not committed himself to theoreticdl conolusions; and in one or

two local cases he seems to favour the glacier theory. It has long

been known to geologists, that in north-eastern America, two main

directions of striation of rock surfaces occur, froni north-east to soutii-

west, and from iu>rth-wcst to south-east ; and that locally tho directions

vary from these to north ami south and east and west. Various

attempts have l)non made, but without much success, to account for

these directions of striatiun l»y tiie motion of glaciers; and while it is

quite easy for any one prepossessed with this view to account in this

way for the striation in a particular valley or part of a valley, yet so

many exceptional facts occur as to throw doubt on the explanation,

except in the case of a few of the smaller and steeper mountain

gorges.

In the Report of the Survey of Canada a valuable table of these

striations is given, from which it appears that they arc locally

distributed in such a way as to throw a decided gleam of light on

their origin.

It woulil seem that the dominant direction in the valley of the St

Lawrence, along the high lands to the north of it, and across western

New York, is north-east and south-west; and that there is another

series of scratches running nearly at right angles to the former, across

the neck of land between Georgian Bay and Lake Ontario, down the

valley of the Ottawa, and across jmrts of the Eastern Townships, con-

necting with the prevalent south and south-east striation which occurs

in the valleys of the Connecticut and Lake Champlain, and elsewhere

in New England, as well as in Nova Scotia and New Brunswick.

What were the determining conditions of these two coiu'ses, and were

they contemporaneous or distinct in time ? The first point to be

settled in answering these questions is the direction of the force which

caused the stria). Now, I have no hesitation in asserting, from my
own observations as well as from those of others, that for the south-

west striation the direction was from the ocean toward the interior,

against the slope of the St Lawrence ra/lrjj. The crag-and-tail forms

of all our isolated hills, and the direction of transport of boulders

carried from them, show that throughout Canada the movement was

from north-east to south-west.* This at once disposes of the glacier-

theory for the prevailing set of stria; ; for we cannot suppose a glacier

moving from the Atlantic up into the interior. On the other hand, it

is eminently favourable to the idea of ocean drift. A subsidence of

* The few exceptional cases appear to belong mostly to the later period of tho

stratified sands.
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America, such m would nt present convert all the plains of Canada

and New York and New iJi^land into Hen, would determine tliC

course of the Aretic current over this Huhnierged land from north-cnst

to south-west; and as the current would move vp a slope, the ice

which it horc woidd tend to ground, anil to grind the hottom as it

passed into shallower water; for it must he ohserved that the character

of slope which enables a glacier to grind the surface may prevent ice

borne by a current from doing so, and vice versa.

Now we know that in the Post-pliocene period eastern America was

submerged, and consequently the striatiun at once comes into harmony

with other geological facts. We have, of course, to suppose that the

Btriation took place during submergence, and that the process was slow

and gradual, beginning near the sea and at the lower levels, and

carried upwards to the higher grounds in successive centuries, while

the portions previously striated were covered with deposits swept

down from the sinking land or dropped from melting ice. It would

bo easy to show that this view corresponds with many of the

minor facts.

Farther, the theory thus stated accounts for the excavation of the

deep and land-locked basins of our great American lakes. Ocean

currents, if cold, and clinging to the bottom, must cut out pot-holes,

just as rivers do, though geologists are too apt to limit their function

to the throwing up of banks. The course of the present Arctic current

along the American coast has its deep hollows as well as its sand-

banks. Our American lake-basins are cut out deeply into the softer

strata. Running water on the land would not have done this, for it

could have no outlet ; nor could this result be effected by breakers.

Glaciers could not have effected it ; for even if the climatal conditions

for these were admitted, there is no height of land to give them

momentum. But if we suppose the land submerged so that the Arctic

current, flowing from the north-cast, should pour over the Laurentian

rocks on the north side of Lake Superior and Lake Huron, it would

necessarily cut out of the softer Silurian strata just such basins, drifting

their materials to the .south-Avest. At the same time, the lower strata

of the current would be powerfully determined through the strait

between the Adirondac and Laurentide Hills, and, flowing over the

ridge of hard rock which connects them at the Thousand Islands,

would cut out the long basin of Lake Ontario, heaping up at the same

time, in the lee of the Laurentian ridge, the great mass of boulder

clay which intervenes between Lake Ontario and Georgian Bay.

Lake Erie may have been cut by the flow of the upper layers of water

over the Middle Silurian escarpment; and Lake Michigan, though
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'J he prcdnniimint s^. nth-west striatlon, and the cutting of the upper

lakes, (loniand an outlet to the west for the Arctic current. Hut both

during (lcpre.<isiou anil elevation of the land, there must have been a

time when tliis outlet was obstructed, and when the lower levels of

New York, New Kngland, and Canada were ^:till underwater. Then

the valley of the Ottawa, that of the Mohawk, and the low country

between Lakes Ontario and Huron, and tlu valleys of Lake (-'hamplain

and the {Jonueeticut, would be btr'it'- or arms of the sea, and tho

current, obstructed in its direct flow, w id set principally along these,

and act on the rocks in noitli and souMi and north-west and south-east

directions. To this portion of Miu process I w^uld attribute tho

north-west and south-east striat . It is true ti.at this view does not

account for the south-east st.ia^ observe nu some high peaks in New
Kngland; but it must be ol)served that von at the time of greatest

depression, the Arctic current would cling to the northern i.uid, or bo

thrown so rapidly to tho west that its divcct action might not reach

such summits.

Nor would I exclude altogether the action of glaciers in eastern

America, though I must dissent from any view which would assign

to them the principal agency in our glacial phenomena. Under a

condition of tlic continent in which only its higher peaks were above

the svater, the air woidd be so moist, and the temperature so low,

that permanent ice may have clung about mountains in the temperate

latitudes. The striation itself shows that there must have been

extensive glaciers, as now, in the extreme Arctic regions. Yet I

think that most of the alleged instances must bo founded on error,

and that old sea-beaches have been mistaken for moraines. I have

failed to find even in our higher mountains any distinct sign of

glacier action, though the action of the ocean-breakers is visible

almost to their summits ; and though I have observed in Canada
and Nova Scotia many old sea-beaches, gravel-ridges, and lake-

margins, I have seen nothing that could fsiirly be regarded as the

work of glaciers. The so-called moraines, in so far as my observa-

tion extends, are more probably shingle beaches and bars, old

coast-lines loaded with boulders, trains of boulders or " ozars." Most
of them convey to mv mind the impression of ice-action along a
slowly subsiding coast, forming successive deposits of stones in the

shallow water, and burying them in clay and smaller .itones as the

depth increased. These deposits were again modified during emer-

Bw
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gence, when the old ridges were sometimes bared by denudation, and

new ones heaped up.*

I shall close these remarks, perhaps already too tedious, by a mere

I'eference to the alleged prevalence of lake basins and fiords in high

northern latitudes, as connected with glacial action. In reasoning on

this, it seems to be overlooked that the prevalence of hard meta-

morphic rocks over wide areas in the north is one element in the

matter. Again, cold Arctic cuiTents arc the cutters of basins, not

the warm surface-currents. Further, the fiords on coasts like the

deep lateral valleys of mountains are evidences of the action of the

waves and currents rather than of that of ice. I am sure that this is

the case with the numerous indentations of the coast of Nova Scotia,

which are cut into the softer and more shattered bands of rock ; and

sliow, in raised beaches and gravel ridgos like those of the present

coast, the levels of the sea at the time of their formation.

In Nova Scotia we have the means of applying another and crucial

test to this theory of lake basins. 'J'he whole surface of the peninsula

has been striated and polished ; and it has been estimated that one-

third of its area is occupied by lakes, most of them of small dimension.

Now these lakes are almost entirely confined to those metaniorphic

regions where unequal hardness and imperfect facilities for drainage

tend to promote their occurrence. It is evident, therefore, that we
are to seek for the origin of the lake basins in these local causes, and

not in any universal covering of glacier. Further, as I have above

shown, the manner in which the great Canadian lake have been cut

out of the softer materials, and their relations to the neighbouring

harder portions of the country, prove that these great basins may be

due to the action of ocean-currents, a cause to which I would attribute

also the greater part of the smaller lakes of Nova Scotia. To these

reasons I may add the following comparative statements of the effects

of glaciers and icebergs, deduced from examinations of the glaciers of

Mont Blanc and the icebergs of Belleisle :—

f

* I have no doubt that Logan, Hind, and Packard, arc correct in assigning

some of the striation in the Laurentide Hills of Canada and Labrador to glaciers.

The valley of the SaRuenay, which is a deep cut caused by denudation aloii,c: a line of

fracture traversing the Laurentian rocks, shows near its mouth distinct "roches

moutonnees " smoothed on the northern side, and very deep grooves and striae cut

in hard gneiss with a direction of S. 10 E. magnetic, which is nearly at right angles

to the ordinary striati(m of the St Lawrence valley. I think it quite possible that

these appearances may have been caused by a local glacier, and if so, there may have
been glaciers along the whole line of the Laurentide Hills, with their extremities

reaching to the sea or strait then filling the St Lawrence valley.

t Comparisons of the Icebergs of Belleisle and the Glaciers of 5[ont Blanc, Canadian

Naturalist, 1867.
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1. Glaciers heap up their debris in abrupt ridges. Floating ice

sometimes does this, but more usually spreads its load in a more or

less uniform sheet.

2. The material of moraines is all local. Icebergs carry their

deposits often to great distances from their sources.

3. The stones carried by glaciers are mostly angular, except where

they have been acted on by torrents. Those moved by floating ice

are more often rounded, being acted on by the waves and by the

abrading action of sand drifted by currents.

4. In the marine glacial deposits mud is mixed witli stones and

boulders. In the case of land glaciers most of this mud is carried off

by streams and deposited elsewhere.

5. The deposits of floating ice may contain marine shells. Those

of glaciers cannot, except where, as in Greenland and Spitzbergen,

glaciers push their moraines out into the sea.

6. It is of the nature of glaciers to flow in the deepest ravines they

can find, and such ravines drain the ice of extensive areas of mountain

land. Icebergs, on the contrary, act with greatest ease on flat surfaces

or slight elevations in the sea bottom.

7. Glaciers must descend sloi)cs and must be backed by large

supplies of perennial snow. Icebergs act independently, and, being

water-borne, may work up slopes and on level surfaces.

8. Glaciers striate the sides and bottoms of their ravines very un-

equally, acting with great force and effect only on those places where

their weight impinges most heavily. Icebergs, on the contrary, being

carried l)y constant currents and over comparatively flat surfaces,

must striate and grind more regularly over large areas, and with less

reference to local inequalities of suvfucr".

9. The direction of the striai and grooves produced by glaciers

depends on the direction of valleys. That of icebergs, on the con-

trary, depends upon the direction of marine currents, which is not

determined by the outline of the surfiice, but is influenced by the

large and wide depressions of the sea-bottom.

10. When subsidence of the land is in progress, floating ice may
carry boulders from lower to higher levels. Glaciers cannot do this

under any circumstances, though in their progress they may leave

blocks perched on the tops of peaks and ridges.

The only portion of Acadia in which stratifled clays holding marine

shells have been found overlying the boidder clay, or in connexion

with it, is in the southern part of New Brunswick, where deposits of

this kind occur similar to those found in Canada and in Maine, though

apparently on a smaller scale. These deposits, as they occur near St
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John, consist of gray and reddish clays, holding fossils which indicate

moderately deep water, and are, as to species, identical with those

occurring in similar deposits in Canada and in Maine. They would

indicate a somewhat lower temperature than that of the waters of the

Bay of Fundy at present, or about that of the northern part of the

Gulf of St Lawrence. They correspond to the Leda clay of Canada

and Maine.

Mr C. F. Ilartt has given, in Prof. Bailey's Report on New Bnins-

wick, the following list of fossils from these beds. I have affixed an

asterisk to the species found also in the Leda clay and Saxicava

sand of Canada.

roenlandica.

Icata.

, mac.

)>

»»

Articulata.

Balanus Ilameri,* Asc, Lawlor's Lake.

B. crenatus,* „ „
Mullusca.

Pecten islandicus,* Linn.^ Lawlor's Lake, R. R. Depot, Saint .John.

P. tenuistriatus, Migh., „
Mytilus edulis, Linn* „ „ „
Cardium pinnulatum. Con.

,, „
Tellina Groenlandica* (:= T. Balthica Lm?}.), Lawlor's Lake, etc.

T. calcarea* (=: Macorna sabulosa, Stp.)^ Duck Cove, etc.

Leda Jacksoni (= L. pcrnula*), Lawlor's Lake.

L. truucata,* Duck Cove; Lawlor's Lake; R. R. Depot, Saint John.

Nucula antiqua (var, of N. tenuis.),*

Mya arenaria.*

M. truncata,*

Aphrodite (Serripes) Groenlandica, Beck, Duck Cove, etc.

Cardium islandicum,* Linn.

Mesodesma, R. R. Depot.

Saxicava distorta. Say. {= S. rugosa, Linn.)*

Lyonsia arenosa. Duck Cove.*

Lacuna neritoidea,* Gould, Duck Cove.

Pandora trilincata, „
Natica clausa. Sow,* „

Buccinum undatum,* Linn, Duck Cove.

Bryozoa, several species undetermined, Taylor's Island, Lawlor's

Lake, etc.

Radiata.

Ophioglypha Sarsii, Lutk., Saint John, Duck Cove.*

Toxopneustes drobachiensis (Echinus granulatus, Say.),* Red
Head, Lawlor's Lake.

Plants.—Algaj, three species, undetcnnined.—Manawagonis.
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In some specimens sent to me by Mr ^fatthew, I find, in addition

to the forms above enumerated, some microscopic organisms, more

especially Pohjstomella striatopunctata [umbillcata of Walker), and

several species of Ci/therc ; and among the Ikyozoa I recognise Pustu-

lipora, Tubidipora serpens and Crisia ehurnea, all in small fragments.

In the absence of fossils, the drift of Nova Scotia contrasts strongly

with the Post-pliocene clays and sands of the lower St Lawrence and

the St John. These deposits abound in marine shells, and mark the

stages of recession of the sea as the American land rose from the

great depression of the period of the boulder formation, in which

nearly the whole continent was submerged. The absence of the fossii-

iferous marine clays in Nova Scotia may indicate a more rapid elevation

of the land, not giving time for ])crmanent sea-bottoms ; or, on the

other hand, a slow rise accompanied by very great denudation. The

position of Nova Scotia and the aspect of its boulder clay point rather

to the latter conclusion. In this case, remnants may exist ; and,

judging from appearances in Canada, Maine, and New Brunswick, I

should suppose that marine remains arc most likely to be found at the

junction of the boulder clay with the overlying stratified drift, and

in places sheltered by hills or ledges of rock. From papers on this

subject, relating more especially to Canada, I may select the following

statements as important to the geology of these formations in Acadia

as well :
—

*

The arrangement of the Post-pliocene deposits at Logan's Farm

near Montreal, and Heauport near Quebec, confirms the subdivision,

which I have attempted to establish, of those beds into an underlying

unstratificd boulder clay, a deep-water bed of clay or sand (the

" Leda clny " of Montreal), and, overlying shallow-water sands and

gravels (the " Saxicava sand"). This arrangement shows a gradual

upheaval of the land from its state of depression in the boulder clay

period, corresponding Avith what has been deduced from similar

appearances in the Old World. " The upheaval of the bed of the

glacial sea," says Forbes, "was not sudden but gradual. The phe-

nomena so well described by Professor Forchammer in his essays on

the Danish drift, indicating the conversion of a muddy sea of some

depth into one choked up with sand-banks, arc, though not universal,

equally evident in the British Isles, especially in Ireland and the Isle

of Man."-i-

We now have in all, exclusive of doubtful forms, about one hun-

dred species of marine invertebrates from the Post-pliocene clays of

the St Lawrence valley. All, except four or five species belonging

* Canadian Naturalist antl Geologist, vols, ii., iii., and iv.

t Memoirs of Geological Survey.
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to the older or deep-water part of the deposit, are known as living

shells of the Arctic or boreal regions of the Atlantic. About half of

the species arc fossil in the Post-pliocene of Great Britain. The

great majority are now living in the Gulf of St Lawrence and on the

neighbouring coasts; and more especially on the north side of the

gulf and the coast of Labrador. In so far, then, as marine life is

concerned, the modern period in this country is connected with that

of the boulder clay by an unbroken chain of animal existence. These

deposits in Lower Canada afford no indications of the terrestrial fauna

;

but the remains of Elcplias priinigenius in beds of similar age in Upper

Canada,* show that during the period in question great changes

occurred among the animals of the land ; and we may hope to find

similar evidences ilsewhcre, especially in localities where, as on

the Ottawa, the debris of land- plants and land-shells occur in the

marine deposits.

The climate of this period, as indicated by its marine animals, and

the causes of its difference from that which now obtains in the northern

hemisphere, have been fertile subjects of discussions and controversies,

which I have no wish here to reopen. I desire, however, to state,

in a manner level to the comprehension of the ordinary reader, the

facts of the case in so far as relates to Canada, and equally to the

maritime provinces, and an important inference to which they appear

to me to lead, and whieh, if sustained, will very much simplify our

views of this question.

Every one knows that the means and extremes of annual tempera-

ture differ much on the opposite sides of the Atlantic. The isothermal

line of 40°, for example, passes from the south side of the Gulf of St

Lawrence, skirts Iceland, and reaches Eur(>pe near Drontheim in

Norway. This fact, apparent as the result of observations on the

temi)erature of the land, is equally evidenced by the inhabitants and
physical phenomena of the sea. A large proportion of the shell-tish

inhabiting the (iulf of St Lawrence and the coast thence to Cape Cod
occur on both sides of the Atlantic, but not in the same latitudes.

The marine fauna of Cape Cod is parallel, in its prevalence of boreal

forms, with that of the south of Norway. In like manner, the descent

of icebergs from the north, the freezing of bays and estuaries, the

drifting and pushing of stones and boulders by ice, are witnes.sed on

the American coast in a manner not paralleled in corresponding

latitudes in Europe. It follows from this, that a collection of shells

from any given latitude on the coasts of Europe or America would

bear testimony to the existing difference of climate. The geologist

* IJeports ol'Ueol. Survey; Lyell's Travels.



1
i



CHANGES OF CLIMATE. 79

knd on the

Ira of the

this cause tlmt wc must mainly look for the changes which have

occurred.

Such changes of level must, as has been long since shoAvn by Sir

Charles Lyoll, modify and change climate. Every diminution of the

land in Arctic America must tend to render its climate less severe.

Every diminution of land in the temperate regions must tend to reduce

the mean temi)craturc. Every diminution of land anywhere must

tend to diminish tiie extremes of annual temperature ; and the condition

of the southern hemisphere at present shows that the disappearance

of the great continental masses under the water would lower the mean

temperature, but render the climate much less extreme. Glaciers

might tlien exist in latitudes where now the summer heat would

suflice to melt them—as Darwin has shown tii.at in South America

glaciers extend to the sea level in latitude 46° 50',—and at the same

time the ice would melt more slowly and be drifted farther to the

soutiiward. Any change that tended to divert the Arctic currents

from our coasts would raise the temperature of tlieir waters. Any
change that would allow the equatorial current to pursue its course

through to the Pacific, or along the great inland valley of North

America, would reduce the British seas to a boreal condition.

The boulder formation and its overlying fossiliferous beds prove,

as I have in a previous paper endeavoured to explain with regard to

Canada, and as has been shown by other geologists in the case of

other parts of America and of Europe, that the land of the northern

hemisphere underwent in the Post-tertiary period a great and gradual

depression and tlicn an equally gradual elevation. Every step of this

process would bring its modifications of climate, and when the de-

pression had attained its maximum there probably was as little land

in the temperate regions of the northern hemisphere as in the southern

now. This would give a low mean temperature and an extension to

the south of glaciers, more especially if, at the same time, a consider-

able Arctic continent remained above the waters, as seems to be

indicated by the effects of extreme marine glacial action on the rocks

under the boulder clay. These conditions, actually indicated by the

phenomena themselves, appear quite sufficient to account for the

coldness of the seas of the period ; and the wide diffusion of the Gulf

Stream caused by the subsidence of American land, or its entire

diversion into the Pacific basin,* would give that assimilation of the

* This is often excluded from consideration, owing to the fact tiiat the marine
fauna of the Oulf of Mexico differs almost entirely from that of the Pacific coast ; but
the question still remains, whether this difference existed in the Later Tertiary period,

or has been cstablitihcd iu the Modern epoch, as a cousequence of changed pliysical

conditions.

r -'4
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American and European climates so cliaractcristic of the time. The

climate of western Euro^K', in short, would, under such a state of

things, be greatly reduced in mean tenii)craturc : the climate of

America would sutTer a smaller reduction of its mean temperature,

but would be much less extreme than at present ; the general effect

being the establishment of a more equable but lower temperature

throughout the northern hemisphere. It is perhaps necessary to add,

that the existence on the land, during this period of depression, of

large elephantine mammals in northern latitudes, as, for instance, the

mammoth and mastodon, does not contradict this conclusion. We
know that these creatures were clothed in a maimer to fit them for a

cool climate, and an equable rather than a high temperature was

probably most conducive to their welfare, while the more extreme

climate consequent on the present elevation and distribution of the

land may have led to their extinction.

The establishment of the present distribution of land and water,

giving to America its extreme climate, leaving its seas cool, and

throwing on the coasts of Europe the heated water of the tropics,

would thus affect but slightly the marine life of the American coast,

but very materially that of Europe, producing the result already

referred to in the above pages, that the Canadian Post-pliocene

fauna differs comparatively little from that now existing in the

Gulf of St Lawrence ; though in so far as any difference subsists, it

is in the direction of an Arctic character. The changes that have

occurred were perhaps all the less that so soon as the Laurentide Hills

to the north of the St Lawrence valley emerged from the sea, the

coasts to the south of these hills would be effectually protected from

the heavy northern ice-drifts and from the Arctic currents, and would

have the benefit of the full action of the summer heat,—advantages

which must have existed to a less extent in western Europe.

It is forther to be observed, that such subsidence and elevation

would necessarily afford great facilities for the migration of Arctic

marine animals, and that the difference between the Modern and

Post-plioeene faunas must be greatest in those localities to which

the forms of temperate regions could most readily migrate after the

change of temperature had occurred.

It has been fully shown by many previous writers on this subject,

that the causes above referred to arc sufficient to account for all the

local and minor phenomena of the stratified and unstratified drifts,

and for the driftage of boulders and other materials, and the erosion

that accompanied its deposition. Into these subjects I do not propose

to enter; my object in these remarks being merely to give the reasons
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for my belief stated in previous papers on this subject, that the

difference of climate between Pust-plioccne and Modern America, and

the less amount of that difference relatively to that which has occurred

in western Europe, may be explained by a consideration of the changes

of level which the structure and distribution of the boulder clay and

the overlying fossiliferous beds prove to have occurred.

The stratijied sand and gravel of Nova Scotia rests upon and is

newer than tlic unstratilied drift, and is probably also newer than the

stratified marine clays above referred to. Its age is probably that of

the Saxicava sand. The former relation may often bo seen in

coast sections or river banks, and occasionally in road-cuttings. I

observed some years ago an instructive illustration of this fact, in

a bank on tlie shore a little to the eastward of Mcrigoinish harbour

(Fig. 22). At this place the lower part of the bank consists of

clay and sand with angular stones, principally sandstones. Upon

Fig. 22.—Stratijied Gravel resting on Drift,—Mcriijomlsh.

this rests a bed of fine sand and small rounded gravel with layers of

coarser pebbles. The gravel is separated from the drift below by a

layer of the same sort of angular stones that appear in the drift,

showing that the currents which deposited the upper bed have washed

away some of the finer portions of the drift before the sand and gravel

were thrown down. In this section, as well as in most others that I

have examined, the lower part of the stratified gravel is finer than

the upper part, and contains more sand.

In some cases we can trace the pebbles of the gravels to ancient

conglomerate rocks which have furnished them by their decay ; but

in other instances the pebbles may have been rounded by the waters

that deposited them in their pi'csent place. In places, however, where

old pebble rocks do not occur, we sometimes find, instead of gravel,

beds of fine laminated sand. A very remarkable instance of the con-

nexion of superficial gravels with ancient pebble i-ocks cocurs in the

county of Pictou. In the coal formation of this county there occurs

a very thick bed of conglomerate, the outcrop of which, owing to its
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comparative lianlnoss and great mass, forms a high ridgo extciulhig

from tha hill bchiiiil Nuw Glasgow across the East and Mitldle Rivers,

and along the sonth side of the West River, and then, crossing tlio

West Jiivcr, re-ai)pcars in Itoger's Hill. The valleys of these three

rivers have been cut throngh this bed, and the material thns removed

has been heaj)cd up in hillocks and beds of gravel, along the banks of

the streams, on the side t(j\vard ^vhich the water now flows, which

happens to be the north and north-east. Accordingly, along the

course of the Albion Mines Railway and the lower parts of the

Middle and West Rivers, these gravel beds are everywhere exposed

in the road-cuttings, and may in some places be seen to rest on the

boulder clay, showing that the cutting of these valleys was completed

after the drift was produced. .Similar instances of the connexion of

gravel with conglomerate occur near Antigonish, and on the sides of

the Cobequid Mountains, where some of the valleys have at their

Bouthern entrances immense tongues of gravel extending out into the

plain, as if currents of enormous volume had swept through them from

north to south.

The stratified gravels do not, like the older drift, form a continuous

sheet spreading over the surface. They occur in mounds and long

ridges, sometimes extend. iig for miles over the country. One of the

most remarkable of these ridges is the '' Hoar's Rack," Avhich runs

along the Avest side of the llebert River in Cundjcrland. It is a

narrow ridge, jjcrhaps from ten to twenty feet in height, and cut across

in several places by the channels of small brooks. The groand on

either side a})pear3 low and flat. For eight miles it forms a natural

road, rough indeed, but practicable, with care, to a carriage, the general

direction being nearly north and south. What its extent or course

may be bc}'ond the points where the road enters on and leaves it, I

do not know ; but it appears to extend from the base of the Cobequid

Mountains to a ridge of sandstone that crosses the lower part of the

Hebert River. It consists of gravel and sand, whether stratified or

not I could not ascertain, with a few large boulder-stones. Another

very singular ridge of this kind is that running along the west side

of Clyde River in Shclburiie county. This ridge is higher than that

on llebert River, but, like it, extends parallel to the river, and forms

a natural road, improved by art in such a manner as to be a very

tolerable highway. Along a great part of its course it is separated

from the river by a low alluvial flat, and on the land side a swamp
intervenes between it and the higher ground. These may serve as

illustrations of the " boars' backs " or " horse backs" and gravel

ridges which occur in many other places, and are sometimes accom-
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Just as wc attribute the formation of the older or boulder drift to

the action of water and ice, while the land was subsiding beneath a

frozen sea, so we may assign as (he cause of the snj)er(icial gravels

the action of these same waters while the country was being elevated

above their level. Many of the mounds of gravel have evidently

been formed by currents of water rushing through and scooping out

the present valleys. Some of the more regular ridges are apparently

of the nature of the gravel beaches which are thrown by the sea

across the mouths of bays and coves, and may mark the contiiuianco

of the sea-level unchanged for some time in the progress of elevation.

Others may have been pressed up by the edges of sheets of ice, ia

the maimer of the ridges along the borders of our present lakes.

That the action of ice in some form had not ceased, we have evidence in

the large boulders sometimes found on the sunnnits of the gravel ridges.

In the island of Cape Breton the bones of a large elephantine

quadruped, evidently a species of Mastodon, have been found in con-

nexion with the superficial gravel. This gigantic creature i)robably

inhabited our conntry at the clo,-:e of the (Jlacial or Drift period, and

may have been contemporary with some of the present animals, though

jirobably extinct before the introduction of the human race. The

existence of this huge quadiiiped does not imply a tropical or even

very warm clinuite, since in a skeleton found in Warren county. New
Jersey, fragments of twigs, lying in such a position as to show that

they had formed part of the food of the creature, were found by

microscopic examination to have belonged to a species of cypress,

probably the common white cedar of America ; so that the animal

probably browsed as the moose does at present, and could live in any

wooded region.* One specimen found in the state of New York

measured twenty-five feet in length and twelve feet in height. In

Nova Scotia the animal must have attained to similar dimension.s, for

a thigh-bone, now in the museum of the Mechanics' Institute in Hali-

fax, though apparently somewhat worn, measures three feet eleven

inches in length. This huge bone and some fragments of a tusk,

were the only remains of this animal that I had seen before the pub-

lication of the first edition of this work. A molar tooth has since

been found in Cape Breton by Dr Iloneyman, and I am now enabled

by his kind assistance to figure the thigh-bone and tooth from photo-

graphs (Figs. 23 and 24). The species appears to be the Mastodon

giganleus.

» Lyell, "Manual of Geology."
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M<id('rii pcrioil. A little farther Itaek, wo have iiliservcd remains

f^linwiii;,' that formerly a hw^o clephaiitiiie (luadriiped now extinct

iidiahited the country, which we Hntl had at a time Ktill more ancient

emerged from the liosom of the deep, under which it iiad long

remained, while icchergs and tioes wen* drifting masses of rock over

its surface, and scraping and polishing its hills. Lastly, we have

found tlnit at a still earlier period it must have been dry land, exposed

to the inllnenee of a ctdd climate, and having in places peat hogs on

its surfaec. 'J'his whole history, however, reacb<'s no farther back

than the close of the Tertiary pc^riod ; and by referring tt) the Table

in Chapter 11. it will be observed, that between this period and the

formation next to bo described a great blank occurs, ')ecu])ic(l in

some other countries by some of the most wcD'lcrful nioiuunents

of the earth's history.

Note.—Since writing the above, I have received a \'cry valuable

memoir on the (Jlacial I'henomena of Labrador and Maine, by A. S.

Packard, ^LD. The author, though attaching more importance to

the action of glaciers than I am disposed to admit, states many
important facts and conclusions bearing on the subject of this chapter.

Adopting the term " Syrtcnsiau " f()r the marine faima of Labrador

and the northern part of the Gulf (jf .St Lawrence, and "Acadian"
for that of the coast from f'apc Jhcton to Cape Cod, he shows the

Post-pliocene fauna of Maine and New Brunswick to be Syrtensian,

and not, as at present, Acadian, lie adds to the list of New lirnnswick

Post-pliocene fossils,

—

Cardium pinmtlatum, Astarte Ba)il:sii, Lcpralia

Iii/alina, Membranipora pilosa, and Cellcpora pumicosa.
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CHAPTER Vr.

THE TRIAS OR NEW RED SANDSTONE.

GENKRAL DISTRIHUTION KKD SANDSTONES VAKIIVriES OF TRAF NEW
RED FROM TRURO TO AVON ESTUARY liLOMIUON TO BRIAR ISLAND.

Between the Drift and tlio Xcw Red Sandstone, a deposit probably

of the same age with the Triassic System of geologists, there is a

great hiatus in the geology of Nova Scotia. During all those periods

in which the middle and older Tertiaries, the Cretaceous and the

Oolitic systems were produced, no rocks appear to have been formed

within its area, or if they were formed they have been swept away.

This remark applies not oidy to Nova Scotia, but to an immense

region extending through New Brunswick, Canada, and the Northern

United States; and, in some directions, far beyond the limits of those

countries. During those long periods, these regions, thus destitute of

the newer Secondary and Tertiary rocks, may liave been in the interior

of a great continent, or in the fathomless depths of an ocean where no

sediment was being deposited; but wiiatever their condition, they

retain no geological monuments of the lapse of time. In passing, then,

from the Boulder formation to that which for convenience we may
call the New Red Sandstone, to distinguish it from rocks of similar

character but greater age, the reader may be reminded by a glance at

the Table in C'iinpter II., that wo are passing at one leap over a great

part of the earth's geological history.

The distribution of the Now Red Sandstone, as shown on the map,

indicates tliat, when it was deposited, the form and contour of the

country already made some approach to those which it still retains.

Just as the marsh mud lines the coasts of the Bay of Fundy, so do

we find the New Red occupying an inner zone, and appearing to have

been deposited in a bay a little wider and longer than the present one.

It is indeed to this bay district that, in Nova Scotia and New Bruns-

wick, the New Red has been chiefly confined, and it may have been

deposited in circumstances not very dissimilar from those of the present

marshes, except that the older deposit is accompanied by evidence that
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active volcanoes poured out tlieir lavas on the grandest scale in the

waters and on the sliorcs nf the bay while it!^ sandstones wore being

formed. AVIiilc the New lied Sandstone of Nova t^cotia is limited to

the Hay of Fnndy, we have evidence in the wide extent of the same

formation in I'rince Edward Island, that a similar deposit was in

progress in the Gulf of St Lawrence. In the gulf, however, unlike

the ba}-, we do not find the New Red along tlie coasts, but in an

isolated patch separated on all sides from tlie continent. I may
remark here, that the New Red Sandstone, though patches of it are

scnttcred over several parts of North America, is nowhere very

extensive. To tlie southward of Nova Scotia it re-appcars in Coimec-

ticut, wlicre it extends over a considerable area in the valley of the

river; and in New Jersey, where another band commences that

extends a great distance to the south-east, some isolated patches

occurring as fiir south as North Carolina.

The aqueous rocks of the New Red Sandstone period in Nova Scotia

and Prince Edward Island are principally coarse and soft red sand-

stones with a calcareous cement, which causes them to eftervesce with

acids, and contributes to the fertility of the soils formed from them.

In (he low or part of the formation, there are conglomerates made up

of well-worn pebbles of the harder and older rocks.

Tlie volcanic rocks of this period arc of tiiat character known
to geologists as Trap, and are quite analogous to the products of

modern volcanoes ; and, like thein, consist principally of Augite, a

dark green or blackish mineral, composed of silica, lime, and mag-

nesia, with iron as a colouring material. Various kinds of trap are

distinguished, corresponding to the varieties of modern lavas. Crystal-

line or basaltic trap is a black or dark green rock, of a fine crystalline

texture, and having on the large scale a strong tendency to assume a

rude ci^Iuumar or basaltic structure. Amygdaloid or almond-cake

trap is full of round or oval cavities or air bubbles, filled with light

cohered minerals introduced by water after the formation of tlie rock.

This reiu'csents the vesicular or porous lava Avhich forms the upper

surface of lava currents, just as the basaltic trap represents the basalti-

form lava which apjicars in their lower and more central parts. The
only difference is, that in the amygdaloid the cavities are filled up,

while in the modern lavas they are empty. In some old lavas,

however, the cavities arc already wholly or partially filled. A third

kind of trap, very abundant In Nova Scotia, is Tufa or Tuff, or volcanic

sandstone, a rock of earthy or sandy appearance, and of gray, greenish,

or brown colour. It consists of fine volcanic dust and scoria;, popularly

known as the ashes and cinders of volcanoes, cemented together Into
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Fig ir^—Section on the West Side of the Mouth of Petite River.
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(«) C'ftrboiiiferous Strata, highly inclined. (i) Triasslc Rcil Sandstone.

" I had in the past summer an opportnnity of examining these beds

at Walton (Petite) and other places, and was much gratified by finding

that the New Red might be traced, as <a narrow and occasionally inter-

rn])tcd band, from the mouth of the Shubcnacadie nearly to the

mouth of the Avon ; thus connecting as far as possible the distinct

patches of New Red described in my former paper. At some points

also I found very distinct coast-sections, showing the unconformable

superposition of the New Red on the Lower Carboniferous beds. A
good instance of this occurs at I'ctite River.

" Near the mouth of the river, the Lower Carboniferous formation

appears with the same characters observed at Windsor and on the

Shubcnacadie. It includes a large body of gypsum, extensively

quarried for exportation, and a bed of limestone with veins of oxide

of manganese. In the neighbourhood of tiie.se beds, the softer rock.s

have been denuded and do not appear. Still nearer the mouth of the

river, however, there is a di.stinct section, showing black shales, with

calcareous bands, dijjpiiig at a high angle to the south, and under-

lying the beds abo- j mentioned. In a short space these beds become
contorted, and then dip steeply to the north.

" Succeeding the.se black shales, in ascending order, the Lower
Carboniferous rocks arc seen in the section. These beds probably

underlie the gypsum and limestone, which would recur on the north

side of the anticlinal formed by the black .shales if the section extended

sufticiently far. Before reaching the extremity of the point on the

ea.st side of the river, however, the edges of the beds sink to the level

of the sea, and the lower members of the New Red are unconformably

fiuperimpo.sed upon them. It is a somewhat instructive fact that the

beds of the underlying series arc at this place both redder and softer

than the overlying New Red Sandstone."

I notice this section particularly, because it gives a clear conception
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amysdaloidfil trap, varying in colonr from gray to dull rod, but in

general of grayisli tints. It is fidl of cavities and fissures; and

these, as well as its vesicles, arc filled or coated with quartz, in

dilTeront states, and with various zeolites, to be noticed hereafter,

especially lu ulandite, analcimc, natrolite, stilbito, and apophylito, often

in largo and beautiful masses of crystals. In its lower part there are

sonic portions wliidi are scarcely vesicular, and often appear to contain

quartz sand like tiiat of the subjacent sandstone. Above the bod of

amygdaloid is a still thicker stratum of crystalline basaltic trap,

having a rude coliiinnar structure.

The columnar trap of Blomidon, in consequence of its hardness and

vertical joints, presents a perpendicular wall extending along the top

of the precipice. The amygdaloid beneath, being friable and much

fissured, falls away in a slope from the base of this wall, and the sand-

stone in some places forms a continuation of the slope, or is altogether

concealed by the fallen fragments of trap. In other places the sand-

stone has been cut into a nearly vertical cliff, above which is a terrace

of fragments of amygdaloid.

Northward of Cape Blomidon, the north-westerly dips of the sand-

stone and trap cause the base of the former to descend to the sea-level,

the columnar traj), which here ajipcars to be of increased thickness,

still presenting a lofty cliflf. Southward of the cape, on the other

hand, the amygdaloid and basalt thin out, until the red sandstones

occupy the whole of the clift'. It thus appears that the trap at

Blomidon is a conformable bed, resting on the sandstone, exactly as

in some places on the opposite shore, to be described hereafter.

Tlic coast section between Blomidon and Ilorton, as scon near

Pereau Kiver and Bass Creek, and at Starr's Point, Long Island, and

Bout Island, exhibits red sandstones, with north-west dips at angles

of about 1;<°, and precisely similar in mineral character to those of

Blomidon, except that near Bass Creek some of them contain layers

of small pebbles of quartz, slate, granite, and trap. The whole of

these sandstones underlie thoce of Blomidon, and resemble those which

occupy the long valley of Cornwallis and the Annapolis River, westward

of this section. In this valley, the red sandstone, in consequence of

its soft and friable nature. Is rarely well exposed ; but in a few })lace3

in Cornwallis, where I observed it, it has the same dip as on the coast.

The comparatively high level of the sandstone, where it underlies the

trap, shows that the present form of this valley is in great part due to

denudation ; and the trap itself must have suffered from this cause,

since fragments of it and of the quartzose minerals which it contains,

are frequent in the valley of Cornwallis, and along the base of the slate

hills to the southward.

& '
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Wc may now consider tlic relations of the red sandstone of Corn-

wallis to tlie other formations bounding it on the soutli. Near Kcnt-

villc, seven miles westward of the direct line of section from lilomidon

to ITorton, the red sandstone, with its usual north-west dip, rests

against clay-slate having a high dij) to the Js.N. K., and belonging to a

series of similar rocks apparently equivalents of the Silurian system.

In tracing the boundary of the slate eastward of this place, along the

sotith side of Cornwallis liiver, its junction with the red sandstone is

not again observed ; and at Wolfville the slates supi)ort iiard gray

sandstones, composed of the materials of granite, with some beds of

brownish sandstone. These rocks were observed in one place to

dip to the N.E., and in another to the N.N.W. They are separated

from the red sandstones of Ijout and Long Island, and Starr's Point,

by a wide expanse of marsh, and by the estuary of the Cornwallis

River. In Lower ITorton, and between that jdace and Halfway Kivor,

gray sandstones, similar to those of AVolfville, are seen to support

black shales and dark sandstones, with Lcpidodendra and other fossil

plants of carboniferous forms, and dipping to the N.E., N., and N.W.
These beds continue to the mouth of the Avon estuary, Avhere they

form the cliffs of Ilorton Bluff, at the northern end of which they are

seen dipping to the south. They arc then concealed by boulder clay,

which with marsh fonns the shore for nearly a mile. Beyond this, in

a small point called Oak Island, are seen a few beds of coarse red sand-

stone witii some finer red beds and grayish bands. These rocks dip

to the N. N.W., and form a continuation, and the eastern extremity, of

the New lied Sandstone of the Norton Islands and Cornwallis.

In describing this section, I have merely copied my notes upon it,

and have 2Duri)osely refrained from drawing any inferences or giving

any explanations. To begin with Blomidon—the crystalline trap at

its summit, which rises abruptly in huge irregular columns, is an

ancient current of molten rock or lava, which has flowed over and

cooled upon tiic surface on which it now rests. It slopes gently

toward the north-west, as if it had flowed toward the bay, but there is

no volcanic dike or other evidence of the ejection of lava from beneath

on that side, and it is more than probable that the orifice from which

it was poured forth was to the westward along the range of which

Blomidon is the eastern extremity, or northward toward Cape Split.

From the appearance of the mountain-top that rises above the vertical

cliff, there may have been more than one overflow of the volcanic

matter. Before this great bed of basaltic trap flowed forth, the surface

on Avhich it rests had been thickly covered with volcanic ashes and

scoriie, which, consolidated by pressure and by infiltration of mineral
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matters, now form the thick bed of amygdaloid and tufa intervening

between tiic culmnnar trap and the rod sandstone. Tiiis is precisely

wliat we find to be tlie case in modern volcanic eruptions. The lirst

violent explosions in such cases usually eject immense quantities of

dust and fragments of old lavas, which are blown or ejected to great

distances, or if they fall into the sea, as was most probably the case at

Blomidon, arc scattered in layers over its bottom. Over these ejected

scoriic and ashes the lava currents which issue subsequently arc poured.

We need not be surprised that we do not now perceive any regular

volcanic mountain or vent at Blomidon, for independently of the action

the waters may have exerted ou it when being formed, we know that

great dciuidation has taken place in the Drift period, and under the

wasting action of the present frosts and tides. Tiie minerals mentioned

as occurring in the tnip are all cither silica or silicates,—that is, com-

pounds of silica witii the alkalies potash and soda, or the earths, as

alumina, lime, etc. They arc produced by the solvent action of water,

which, percolating through the trap, dissolves these materials, and re-

deposits them in fissures and cavities. Below the amygdaloid, we
have a thick series of beds of red sandstone—mechanical detritus de-

posited by water, and probably in great part derived from the

waste of the sand.stones of the Carboniferous system. The gypsum
veins which traverse it were probably deposited by waters which had

dissolved that mineral, in pa.ssing through the great gypsum-beds

which occur in the older system last mentioned.

The history of this fine precipice is then shortly as follows. In the

Triassic era, thick beds of sandstone were deposited off the coasts of

llorton, just as the red mud and sand of the flats are now deposited.

Volcanic phenomena on a great scale, however, broke forth from

beneath the waters, scoriai and du.st were thrown out, and spread

arounil in thick beds, and currents of lava were poured forth. Subse-

quently the whole mass was elevated, to be again submerged under

the boulder-bearing sea, by which, and the present atmospheric and

aqueous agencies, it was worn and Avasted into its present form. Still

the work of decay goes on ; for yearly the frosts loosen immense
mas.ses from its brow, and dash them to the beach, to be removed by
the ice and the tides, and scattered over the bottom of the bay. The
rains and melting snows also cut huge furrows down its front. These

agencies of destruction as yet, however, oidy add to the magnificence of

this noblest of all our sea-cliffs. The dark basaltic wall crowned with

thick woods, the terrace of amygdaloid, with a luxuriant growth of

light green shrubs and young trees that rapidly spring up on Its rich

and moist surface, the precipice of bright red sandstone, always clean

^ ' >i
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nnd fresh, and contrasting strongly with tlic trap above and with tho

trees and bushes that straggle down its sides, and nod over its deep

ravines,—constitute aconibinationotTurnis and enlunrs equally striiiing if

seen in the distance from the hills of llurton or the shore of I'arrsboro',

or more nearly from the sea or tho stony beach at its base, liloniidon is

a scene never to be forgotten by a traveller who has wandered around

its shores or clambered on its giddy precipices.

From tiic shore of JJloinidon, we may follow the trap formation in

a continuous ridge without a break to Annapolis (Jut. On the south

side, the trap slopes down in rounded and abrupt eminences into the

red sandstone valley. On its sunnnit it is somewhat level, though

divided into a number of long rolling ridges, probably the eflect of

denuding agents on the edges of beds of trap of unequal hardness.

The bay shore presents to the sea a range of clifls and precipices often

overhanging or vertical, or rolled down into .shapeless heaps of rubbish

by the frost and the undermining action of the waves. Huge land-

slips occur every .spring from these causes, covering acres of the shore

with their ruins, and affording a rich harvest for the mineralogi.st who

may visit the shore after one of these falls. The amount of debris

annually thrown down and removed in tliis way is enormous. The

cliffs arc usufilly composed of alternate layers of soft and bard trap

nnd tufa, they arc traversed by innumerable fissures, and tho general

dip is seaward. In addition to these circumstances, the ice annually

removes large quantities of fragments from the shore, so that a cliff

docs not long continue to be protected by the masses that have fallen

from it. Hence the whole shore wastes rapidly, with the exception of

those places where beds of. hard basaltic trap run down to the sea

level, and form inclined planes against which the sea rages in vain.

A very remarkable deviation from the ordinary regularity of the

coast line of the trap occurs at Cape Split, which forms a j)rolongation

of the Blomidon shore to the north-westward. The dip of the

Blomidon basalt gradually brings it down to the sea-level, and toward

Cape S])lit it either thickens, or portions which have retired from the

cliff at Blomidon come forward into the shore precipices ; for toward

the cape a cliff more than 300 feet in height seems to be composed

of compact and columnar trap, which extends in a promontory and

series of islands and reefs far out into the bay. The appearances at

this place render it possible that a trappean dike or dikes, indicating

the point or line of ejection of the great basaltic bed of Blomidon,

may appear in those cliffs toward Cape S})lit. I have not, however,

been able to study them so closely as to ascertain decisively whether

this is the case. There seems no reason to doubt, at least, that the
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lino from the summit of Bloniidon to ('ape Split inarlcH the direction

of one of tlie greatest lava streams of tiie region.

At tiic extremity of the long continuous range extending westward

from lilomidon, in the elitV forming the east side of Annapolis tint,

we find the trap, as at the furmer place, forming a thick bed resting

on the red sandstone, and ilipping to the nnrtliward ; and there can

be no doubt, from the appearances observed at aevcral places along

the coast, that the same arrangement prevails throughout the entire

ridge,

Annapolis Gut is a deei) channel .separating the trap of the pro-

montory of (Jranville from the western prolongation of the formation.

This channel forms the only outlet of Amiapolis IJasin and the rivers

em])tying into it. It is of great depth, and the tides rush through it

with terrible rai)idity. The trap on its west side is more largely

developed than on the Granville side. It attains a greater width and

height, and contains a larger nniss of compact and basaltic trap.

This circumstance, in connexion Avith the narrowing of the valley by

a spur of metamorphic rocks on the south, has probably caused the

currents of the Drift period to excavate the present outlet. Had it

not been for these circumstances, the waters of the Annapolis River

would probably have flowed into St Mary's ]5ay; and the Annapolis

Basin, ])robably the finest sheet of .salt water in the province, and its

remarkable and picturesque outlet, would not have existed. The

sandstone near the town of Digby is somewhat hard, and contains

concretions of transj)arent calc spar. It passes under the southern

edge of the trap, but cannot be seen toward the centre of the ridge,

where the precipitous side of the "Gut" consists of compact and

basaltic trap extending downward to the Avater- level. In one place,

I observed basalt with its pillars nearly horizontal,—an evidence that

here a dike of molten rock had been ejected from beneath. Toward
tlie entrance of the gut on the Digby side, the coast becomes low,

and amygdaloid is seen in low cliffs and on the slopes of the hills,

while sheets of compact trap run downward into the sea with scarcely

any abrupt clitT or bank.

In Digby Neck, the sandstone is well exposed on the side fronting

St Mary's Bay, and compact and amygdaloidal traj) rest upon it, and

dip northward toward the Iky of Fundy. This long promontory,

though only from two to three miles in width, consists of two ridges,

one forming the cliffs that front St Mary's Bay, the other sloping

toward tiic Bay of Fundy; while between them is a narrow and

almost level valley, with several little lakes and ponds arranged in a

line along its bottom. The rock in this valley appears to be amyg-
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The trap of l)igl)y Neck is remarkable for the largo quantity of

jasper and otiu-r ('(douvcd varieties of (|uartz contained in it. iied

jasper is especially al)UiiilaMt ; amethyst, stilliite, and laumonite are

also frequent. I have collected all these minerals near Sandy Covo,

ns well ns niieaceouH s|)ecidar iron ore, a mineral which I have not

o])served elsewhere in the trap district, though it abounds in our morn

ancient Igneous and altered rocks, and is also a not infrc(|uent product

of modern volcanic action; the iron being apparently sublimed in a

state of vapour from the intensely heated nnis.s of molten rock licncath.

This is prolialily its origin at Sanily (Jove, where it o(!curs in brilliant

little crystalline plates cnd)edded in a quart/ose matrix, and projecting

from the sides of cavities in the fissures of the trap. Its oecurrenco

here lends some counteiuinco to the conjecture already stated, that a

focus of igneous activity nuiy have been in or near this place. It is

not in suflicient quantity to be of inq)ortance for mining purposes.

At the extremity of Digby Neck, we find another deep transverse

ravine cut through the ridge, and separating Long Island, which

geologically is a perfect continuation of the Neck. The sides of this

strait, which is named Petite Passage, as far as I examined them,

consist principally of amygdaloid, the cavities of which have been

lined with bright green chlorite before they have been filled with

crystalline zeolitic matter.

The water of Petite Passage is beautifully clear, the tides rush

through it with great force, and its rocky bottom is covered with sea-

weeds ; the finer and more beautiful varieties of which are very

abundant on this outlying tract of rocky coast. It is probably the

abundance of these seaweeds on the " ledges" before mentioned, that

supports the marine creatures that attract to these coasts the cod,

torsk, pollack, haddock, halibut, and herring that abound in sunnner,

and furnish a comfortable subsistence to the numerous fishermen who
inhabit Long Island and Briar Island. The great Albecore or King
Mackarel, Thynnus vulgaris? the Sea Wolf, Ayiarrhicns lupus ; and

the Sturgeon, AcclpunsiT oxyrJiinchus, are also caught in these waters

and in St Mary's Pay, but are not much valued by the fishermen.

On reaching the extremity of Long Island, another strait, the

Grand Passage, appears. On the opposite side of this, we see the

thriving village of Wcstport, on Briar Island, the ultima thule of Nova
Scotia in this direction, and one of the most active and intelligent

G
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fishing communities in the province. Briar Island is the extreme

western end of the trappcau ridge, which is, however, prolonged

beyond the land in a sul)n!arinc ledge. It consists entirely of basaltic

trap, very regularly divided into columns, Avhich may be seen both

as a pavement on many parts of the beach, and in lofty precipices

which rise to their greatest height "U the .south-west side of the island,

where they form a perpendicular \sall several hundred feet in height,

and adorned with buttresses, outlying towers, and pinnacles, such as

basaltic cliffs alone can produce in their full perfection. I was so

fortunate as to be detained several days at Briar Island by a south-

west gale, and had the pleasure of seeing the Atlantic swell bursting

in all its grandeur on these iron-bound shores (Fig. 27).

Fig. 27.

—

Basaltic Cliffs, West End of Briar Island.

The red sandstone is seen to underlie the trap of Digby Neck for

several miles below the head of St Mary's Bay, but beyond this I

did not again observe it. Gesner states, however, that a small patch

of it can be observed at low tide beneath the trap of Briar Island.

This interesting fact I had no opportunity of verifying, owing to the

stormy state of the weather during my visit.

1
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CHAPTER VII.

THE TRIAS OR NEW RED SANDSTONE— Con/wuerf.

TRURO TO CAPE d'oR—GENERAL REMARKS MINERALS OF THE NEW
RED SANDSTONE AND TRAP.

3. North Side of Cobequid Bay and Minos Basin and Channel.

Recommencing at Tniro, wc may now consider the stripe of New Red

Sandstone, with occasional masses of trap, which extends with several

interruptions as fiir as Cape d'Or. Northward of Truro, the red sand-

stone meets and overlies unconformably the Carboniferous grits, shales,

limestone, and gypsum of the North River and Onslow Mountain. Its

boundary In this direction is about three miles distant from the bay,

and it occupies the low country ; the Carboniferous rocks rising from

under its edges into hills of considerable elevation. From the North

River it extends in a band about three miles in width to Do Bert River,

where an apparently insulated patch of Lower Carboniferous rocks

projects through it. These last appear at the bridge, and consist of

limestone, with fossil shells characteristic of the Lower Carboniferous

period, gypsum. ."'"' hard brownish sandstone. They dip at a high

angle to tb" ru ii-east, while the New Red Sandstone, which laps

around '^licn, .i^i at a small angle to the south-west. This lime-

st'^ae '.r.d gypsum, as well as other rocks of th^ same age, were long

beli'ViJ iC belong to the Triassic period, and it was only

after their true age had been ascertained ^ y " 'fnl comparison of a

number 'f sections, and fhe identification oi me fossil remains with

those 01 tlie Carboniferous period in other countries, that their true

goclogic;d position was appreciated. This very locality at the De
Bert River, owing to the similarity of the Lower Carboniferous sand-

stones to those of the New Red, and to tii<^ •iriuimstance that the former

have been ground down and tluir d"'^ris rr.iced up with the latter, is

at first sight one of the most dt-Cf ptivii m iho province, and might

rei:'!ily lead a geologist vmanodfvi.itpi v.ith other more distinct

sections into an error cr. th's sul'cct.

As the section at this pl'jct^ ' remar cably obscure, I copy from my
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notes the following memoranda of the appearances. On the south

side of the river, near the bridge, there are gray and hrown shales,

red sandstone, red grit, and conglomerate, with high dips and dis-

turbed. These arc evidently Lower Carboniferous, and quite different

from the horizontal soft red sandstones which appear lower down on

the same bank. On the north side, at the end of the ''ridgc, are dark

red grit and conglomerate, grayish conglomerate, marly and shaly

beds Avith gray calcareous concretions, and a vein of calcareous spar.

They dip N.E. and N.N.E. 38°. The limestone and gypsum seen a

,
little below the bridge are associated with these beds, the whole

being Lower Carboniferous, as indicated by the fossils of the

limestone. In the road-cutting, soft red sandstone and conglomerate

overlie these beds, and though they have a steep F-dse bedding, I

believe they are Nr,w Red and unconformabl I', tlie same road-

cuttings, these upper beds are seen to be made up ot the debris of

the lower, with Avhicli they are confusedly intermixed at tl.eir confines,

the underlying mai'ls in some places rising like veins into the sand-

stone above. At Folly llivcr the New lied is soft and fine grained,

with greenish stains and layers, and has a very slight northerly dip.

In the point opposite the village, sandstones, apparently the continu-

ation of the older formation seen at the bridge, dip to the N.E. at a

very high angle.

Within this islet of Lower Carboniferous rock, the New Red Sand-

stone extends up the Folly River, which runs into the same estuary

with the De Bert, for about five miles. Its dip increases until it

amounts to 50°, and the lowest beds rest against the disturbed C.i. •

boniferous rocks which occupy the bed of the river between hi?'

place and the base of the Cobequid Mountains. Near their junc'ion

with the older rocks, the red sandstones become coarse and peb'j.y,

"Westward of Folly River, the belt nf red sandstone gradually

decreases in width, and begins to contain in its loAver part thick beds

of conglomerate, made up of pebbles derived from the older rocks to

the northward. Near Portapiquc River, and somewhat removed from

the coast, there is an eminence that I have not visited, but I was

informed by a gentleman, very familiar witli this part of the country,

that it consists of trap. If so, this is the first appearance of that rock

in this direction.

The new road along the bank of Great Village River, between that

village and the Acadian iron mine, exhibits an interesting secti iii of

this formation, consisting of red sandstones and red conglomerates

Avith imperfectly rounded pebbles, and often with oblique or false

bedding. They often rise into cliffs of considerable height, and have
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a moderate dip to the southward. About three miles from the Great

Village they terminate, resting uncoiiforinably on the edges of Car-

boniferous rocks dipping at high angles to the nortli.

Economy Point, as well as a detached reef named the Brick Kilns

lying off the point, consists of New Red Sandstone, which here has in

consequence a considerable breadth. It has a slight dip to the south.

In the banks of I'^cnomy River, tlic red sandstone and conglomerate

whicli, near the coast, dip to tlie southward .''.t a low angle, undulate

as they approach a hill of liard Lower Carboniferous rocks at no great

distance from tlie shore. Boliind tiiesc they again appear with a

south-west dip, and are again succeeded by Lower Carboniferous rocks

wiiich contii.uc to the base of the hills. The ridge of older rock

which here divides the red sandstone, is probably a point or promon-

tory connected with the mass of the Carboniferous rocks to the

Avestward.

In Gerrish's Mountain, six miles west of Economy River, the red

sandstone and conglomerate are overlaid by amygdaloidal traj), and

having been protected by it from denudation, rise into an eminence

nearly 400 feet high. At Indian Point, the southern extremity of

Gerrish's Mountain, the trap and red .sandstone form a bold precipi-

tous cliff, and are continued along the picturesque rocky chain of the

Five Islands, in two of which the I'cd sandstone is seen to underlie

the trap.

The isolated trap eminences at this place are probably the remains

of a continuous lava current, and it is interesting that the direction of

the chain of islets corresponds with that of the great trap ridge on the

opposite side of the bay. To a traveller who has passed along the

level shores of Londonderry and Onslow, and toward the close of day

a.sccnds the steep side of Gerrish's ^lountain, the view which greets

him at the sunnnit is of the most grand and striking character. The
rocky chain of the Five Islands, and the pretty inlet and settlement

on the shore within them, lie at his feet. In front are the waters of

Minas Rasin stretching far to the westward. On the one hand is the

rugged and picturesque traj)pcan shore extending toward Parrsboro',

with the Cobequid Mountains ranged behind it. On the other,

Rlomidon and Cape Split tower in the distance. I may remark here,

that for grandeur and beauty of coast scenery, this part of Minas

Basin and the Minas Channel are not surpassed by any part of the

eastern coast of North America. .

It will be seen, on consulting the map, that at the Five Islands

three great geological formations approach each other, so that within

a very limited space the Trap, the New Red, the Carboniferous system,
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and the older metamorphic reeks may be studied, and specimens of

their characteristic minerals obtained. Hence, at various times, this

locality has had the reputation of producing useful minerals of dif-

ferent descriptions. The latest instance of this led to the formation

of a copper mining company in London, "vvhich, after a very fair

promise of success, was broken up, owing to a deficiency of the ore,

which on trial was found by no means to warrant the reports that had

been published respecting it. The trap which forms the summit of

Gerrish's Mountain is a huge bed resting on red sandstone, on which

at the high cliff of Indian Point it is seen to rest. The trap at this

place is traversed by a number of narrow and irregular veins of

•^mgnetic iron ore, mixed with 'iie gray sulphurct and oxide of copper.

Specimens of this substance were sent to me, many years since, by

o.io late George Duncan, Esq. of Truro, and I was s jmewhat struck

by the singular appearance and composition of the mineral, which

was stated to be found in great quantity. From my knowledge of

the superficial character of the trap, and the smallness and irregularity

of the met'.llic veins found in it, I rather discouraged Mr Duncan

from speculating on it, though some specimens seemed sufficiently

rich to be useful as copper ores. It appears, however, that a very

favourable report was given by .an English mining engineer, and

operations were commenced in consequence, but were soon abandoned.

Between Five Islands and Swan Creek, ten miles distant, an excel-

lent coast section, rising in many places into lofty cliffs, siiows the

New Red Sandstone and Trap, as well as the underlying Carboniferous

strata. As tiiis section is an interesting specimen of the complicated

appearances that may result from the eruption of volcanic rocks

through stratified deposits, I shall give a detailed description of the

arrangements observed.

At the mouth of Harrington River, opposite the Five Islands, the

Carboniferous rocks approach the shore very closely ; and as seen in

the west side of the river, consist of black shales and dark-coloured

sandstones with Cordaites and other fossil plants. They dip at high

angles to the south, and are met by the New Red Sandstone dipping

gently to the southward. The sandstones of the newer formation

here contain little conglomerate, and are variegated by numerous

greenish bands and blotches. They occupy the shoi'e for some dis-

tance, and then contain a thick bed of trap conglomerate, consisting of

large partially rounded fragments of amygdaloidal and compact trap,

united by a hard brownish argillaceous cement. At a short distance

westward, another bed of trap conglomerate of the same kind appears

in the cliff. It is overlaid by a bed of dark clay, filled with angular
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fragnionts of lilack shale constituting a kind of breccia. The sand-

stone underlying this bed of trap contains small nodules of sclcnite

and narrow veins of reddish fibrous gypsum. No other volcanic

rocks occur in the coast .section near these

trap conglomerates. Westward of this place,

the section is occupied for about three miles

by soft red sandstones with greeni.sli bands,

dipping generally to the .south-west : some of

them are divisible into very thin layer.s, wliilst

others arc compact and form beds sevci-al feet in

thickness.

Near ^foosc liivcr, the red sandstones meet

black .slinles and hard gray sand.stoncs of the

Carboniferous system, containing Cordaites,

Ferns, and Lvpidodcndra*

At this place the junction of the two groups

of rocks was not, at the time of my visit, well

expo.sed in the cliflf, and had the ajjpearance of a

fault ; but as seen in the horizontal section on

the beach, the rod sandstone with a .south-we.st

dip seems to overlie unconformably the carboni-

ferous strata, dijijjing at a high angle to the

E.N.E. On the west side of Moose Kiver the

Carboniferous strata include three large masses

of trap which have altered the grits and shales

in contact with them, causing them to assume

reddish colours. IJcyoiul the last of these

masses of trap, the shales and grits, there dip-

ping to the north and north-east, have some

red sandstone resting on their edges, and ai'c

succeeded by another great mass of trap, form-

ing a lofty cliff, and in part at least resting on

soft red sandstone which it must have over-

flowed when in a fluid state. At the western

side of this mass, or rather bed of trap, its upper

surface is seen to dip to the AV.S.W., and is

conformably overlaid by red sandstones similar

to those already described. These continue with

various dips to a cove where there is a break in the section, westward
of which the coast exhibits the interesting and complicated appearances

which I have endeavoured to represent in Fig. 28.

* These fossil plants will bo described in treating of the Coal Measures.
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Tlie lower part of the cliff, on the western side of the cove above

mentioned, consists of hard, black, and reddish shales and grits, like

some of those seen near Moose Kivcr, with a steep dip to the E.N.E.

Resting on the edges of these are a few beds of red conglomerate and

sandstone with greenish bands, dipping to the south-west, and appa-

rently a remnant of niorc extensive beds. An enormous mass of

trap conglomerate forms a high cliff towering above this little patch

of sandstone, and is seen a little farther on to contain a wedge-

shaped bed of red sandstone, and at its western extremity rests on

red sandstone mixed with fragments of trap.* Here the trap con-

glomerate seems to be cut off by a fault, and abuts against a great

trappean mass, composed, in ascending order, of amygdaloidal trap,

a wedge of red sandstone extending over part of the surface of the

amygdaloid, a great bed of crystalline trap, and a bed of trap con-

glomerate. The western side of this mass rests on an apparently

denuded surface of soft red sandstones, with S. S.W. dip. These are

overlaid by another trappean mass, consisting of beds which appear

to dip conformably witli the underlying sandstones. At its western

side it abuts against greatly disturbed red sandstones succeeded by

other red sandstones dipping to the southward, and extending as far

as Swan Creek.

On the west side of Swan Creek, the soft red and variegated sand-

stones are seen to dip to the north at an angle of 30°, and are under-

laid by a bed of trap conglomerate, which rests against disturbed

strata of a composition different from any previously occurring in this

section. They consist of laminated, compact, and brecciated gray

limestone, a bed of white gypsum, hard reddish purple and gray marls

and sandstones, some of them with disseminated crystals of specular

iron ore. I saw no fossils in these beds, but as they are identical in

mineral character with some paiis of the gypsiferous member of the

Carboniferous group, and have evidently been disturbed and altered

before the deposition of the overlying trap conglomerate and red

sandstone, I have no doubt that they belong to the Carboniferous

system, the sandstones and shales of which, with some trappean rocks,

occupy the cliff between this place and Partridge Island, five and a

half miles distant. The New Ived Sandstone in the vicinity of Swan
Creek appears to form a small synclinal trough, occupying an inden-

tation in the Carboniferous rocks, and probably extending only a short

distance westward of the mouth of the creek. The two islands near

I t

* This section was examined in 1846. When I revisited the place in 1850, the

front of tiiis moss of trap conglomerate had fallen, and formed a huge slope of

fragments.
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Swan Creek are detached masses of trap, resting on or rising thorough

red sandstones, which at low tide arc seen to extend between thcra

and the shore. The red sandstone and trap, occurring in the section

between Five Islands and Swan Creek, appears to be a very narrow

band, extending parallel to the coast ; and as the section is nearly

in the general direction of the strike of the formation, it is probable

that some of the trappean musses above described arc portions of beds

disconnected by faults and denudation.

Many bcautifnl crystallized minerals occur in the trap rocks of the

sections described. The masses near Moose Kiver contain cavities

coated with opaque wliite varieties of quartz, in stalactitic and other

im])erfcctly crystalline forms. Opposite the Two Islands, the fissures

of the trap are lined witii fine crystals of anah ime and natrolito ; and

the fissures and vacant spaces of the trap co.iglomerate in the same

nciglihourhood contain a reddish variety of chabasite (Acadiolite) in

rhombohedrons, often of large size.

At Clarke's Head, innnediately west of Swan Creek, the Lower
Carboniferous rocks are well exposed, including beds of limestone and

gypsum, with some igneous locks of porpliyriac character, and prob-

ably much older than the Triassic period. On the top of the clifl^",

a bed of compact trap is seen to rest on the edges of the dis-

turbed lower Carboniferous rocks, over which it has flowed as a

lava stream.

The trap conglomerate or breccia, noticed in describing the above

section, is a rock of very singular character. It consists of large

fragments, often more than a foot in diameter, of amygdaloid, cemented

together by a hard brownish substance. Tiie boulder-like fragments

of trap which make up this rock have probably been blown out of a

volcanic orifice, and then rolled into beds by the sea, and finally

cemented by a paste made up of fine volcanic mud or ashes.

Beyond Clarke's Head, the coast extending toward Cape Chiegnecto

is occupied by Carboniferous rocks, for the most part in a very much
disturbed condition, and it is only here and there that we meet with

a small patcli of New lied, and its overlying trap, the renmauts of a

fonnation once continuous throughout the whole distance.

The first of these isolated patches is Partridge Island, a high rock

of trap resting at its west side on red sandstone. Though called an

island, it is connected with the shore, which consists of Lower Carbon-

iferous sandstones and shales in a vertical and contorted condition, by
a shingle beach. The island itself presents a high cliff to the bay,

and slopes downward on the land side. In approaching it from the

east, we see a cliff of colunmar trap extending from the shore to the

h. ' f
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suuimit of the rock. By scramljliiig at low tide around the south side,

\vc find that this, like the basialt of IJlomidon, is a tliick irrcguhir bed,

and that amygdaloid and tufa succeed it in descending order. On the

western side these last rocks occupy nearly the wliolc of the cliff, and

may, when examined from a distance, be seen to consist of several

beds distinguishable by different shades of colour. In some lights

this difference is very perceptible. On this side the basaltic trap still

appears, but it forms only a thin bed, capping the amygdaloid and

tufa. Under all these beds, and in the north-west corner of the island,

the sandstone peeps forth, dip;;ing to the south-east.

The trap of Partridge Lsland contains a variety of interesting crys-

tallized mineraLs. A honey-yellow variety of .stilbite, crystallized in

fine sheaf-like aggregations of crystals, is especially abundant, forming

veins running up the face of the cliff. Being one of the mo.st acces-

sible and easily explored portions of the formation, this place has been

much ransacked by mineralogists and amateurs ; still large quantities

of fine specimens may generally be seen going to waste on its beach.

Amethyst, agate, chabazite, heulanditc, apophyllite, and calc spar, may
also bo studied in some of their most beautiful forms at Partridge

Island. Tiie whole of these minerals have been introduced by the

action of water, trickling through the numerous fissures of the porous

amygdaloid and tufa, rocks which perhaps, more than any others, are

fitted to yield to water thus permeating them the materials of crys-

tallized silicions compounds.

Westward of Partridge Island, vertical and contorted Carboniferous

rocks occupy the shore as far as Cape Sharp, three miles distant.

This promontory, which, like Partridge Island, presents a precipitous

front to the bay, and slopes toward the land side, consists of trap

resting on red sandstone. Here, however, trap conglomerate takes the

place of the finer tufaceous matter seen at Partridge Island. It will

be observed that though the red sandstone is not at these places seen

very distinctly to rest on the Carboniferous rocks, the former underlies

the trap at a gentle angle, and dips southwards, or from the latter,

while these are contorted and disturbed in the most extreme manner,

serving at least to confirm the evidence, noticed at other places, of the

later date of the New Red. These contorted Carboniferous sandstones

and shales must have formed a coast line, at the time when the red

sand was washing in the sea, and the trap and scoriae being belched

forth from submarine vents.

Beyond Cape Sharp, with the exception of the isolated mass of

Spencer's Island, which I have not visited, we see nothing of the trap

or red sandstone till we reach Cape d'Or, the last and noblest mass on
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I this coast. At Cape d'Or, as at the Five Islands, a great mass of trap

rests on slightly inclined red sandstone, and this again on disturbed

Carboniferous rocks, while, behind and from beneath these last, still

older slates rise into mountain ridges. Cape d'Cn- thus forms a great

salient mass standing ont into the bay, and separated from the old

slate liills behind by a valley occupied by the red sandstone and

Carboniferous shales. Cape d'Or differs from most of the trappean

masses wliidi have been described in tlie arrangement of its component

parts. The upper part of the cliff consists of amygdaloid and tufa,

often of a brownisli colour, while beneath is a more compact trap,

showing a tendency to a columnar structure. Tlie whole forms a

toppling clIfT, more shattered and unstable In its aspect than usual.

Cape d'Or derives its name from the native copper which is found

in masses, varying from several pounds in weight down to the most

minute grains, in tlie veins and fissures which traverse the trap. It

is sometimes wedged into tlicse fissures, along with a hard brown

jasper, or occupies the centre of narrow veins of quivrtz and calc spar.

At first sight, these masses and grains of pure copper appear to have

been molten into the fissures in which we find them. On more careful

consideration of .ill the circumstances, and those of the associated

minerals, it seems more probable that the metal has been deposited

from an aqueous solution of some salt of copper, in a manner similar

to that of the electrotype process. AVhy this should have occurred

in trap rocks more especially does not appear very obvious ; and,

indeed, when we take a piece of native copper from Lake Superior or

Cape d'Or, with the various calcareous and slllclous minerals which

accompany it, nothing can be more difficult than to account on chemical

principles for these assemblages of substances, either by aqueous or

igneous causes. Nature's chemistry is often thus inscrutable in its

details, for the behaviour of substances, when brought into contact

with each other in tlie bowels of the cartli, is often very dlfTerent from

that which they display in the laboratory; and, besides, nature's

processes are not limited by time, and long continued chemical actions

often produce effects which would hardly be inferred from experiments

which are limited for their performance to hours or days. I have, in

a paper on the cupriferous trap rocks of Maimansc in Lake Superior,*

shown that the native copper of that locality must also be accounted

for by aqueous causes.

The copper of Cape d'Or is not likely to become of mining im-

portance, as it does not appear in large quantity in any one portion

of the mass, and this latter is itself not of very great extent. The
* Canadian Naturalist, vol. ii.
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Viiliiiiblc discoveries, however, which have l)eoii niiulc on the shores

of Lake Superior have in hite years ciiuseil increased importance

to be attached to the appearance of copper in trap rocks, and perhaps

this and other cnpriferuua h)caiities in the trap of Nova Scotia may
deserve a more careful examination tiian they have yet received.*

Tiie only remaining portion of the New Ked Sandstone and Trap

formation is tlie little insulated spot of Isle Jlaut, lying off Capo

Chiegneeto. I have not landed on this island ; but, viewed from the

sea, it appears to present nearly on all sides lolty cliffs of trap.

4. South Coast of New Brunsiclck.

The following notices of the dctaelicd patches of Triaii which occur

on the south coast of New IJrunswick, are taken I'rom a contribution

of Mr Matthew to Professor Uailcy's Report on Southern New
Brunswick.

Formerly, large areas of the Lower Carboniferous red sandstones

of New IJrunswick were regarded as Triassic, but on nu)rc careful

examination it appears that this formation is limited to three small

patches on the coast of the J Jay of Fundy. It is probable, however,

that these are but remnants vi a more extensive area removed by

denudation, or still beneath the waters of the bay, and perhaps

contiimous with the red sandstone district of the counties of King's

and Annapolis in Nova Scotia.

The most important of these Triassic patches is that near Quaco Head,

where the beds consist of soft red sandstones with layers of quartzose

pebbles, and an overlying coarse conglomerate of a gray colour. They

rest unconformably on limestone and conglomerate of Lower Carbon-

iferous age. A few fragments of fossil wood were found in them by

Mr Matthew, and, though not well preserved, their structure is evi-

dently that of coniferous or pine trees, and the cell walls show but one

row of discs,—a character which belongs to the pines of the genera

Pence and Pinites, found in Mcsozoic rocks, and not to the older pine

trees of the Coal formation. This fossil wood I regard as a valuable

confirmation of the opinion that these red sandstones arc really Triassic,

as such wood is not found in any older fonnation. At Quaco the beds

dip N. N.E., at angles varying from 25° to 45°, and their thickness is

estimated by Mr Matthew at 800 feet. They sliow much oblique

lamination, and are probably not far from the original margin of the

New Red Sandstone area in this direction. The oxide of manganese

* Since the first edition of this work was published, explorations have been under-

taken at Cape d'Or, and also on the opposite side of the bay, but as yet without

profitable results.
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occurs In UTCgnlar beds and pockets in the c(tngh)n\cratc at Qiiaco,

and has probably been dorivdl from veins of tlie mineral which occur

in the Lower Carboniferous rocks.

"Westward of Ouaco the 'I'rias occurs near Gardener's Creek, in a

patch about one mile and a half long and half a mile wide. The

character of the deposit is similar to that at Quaco, but the upper or

conglomerate member is wanting.

Kastward of Quaco, but more than thirty miles distant, another small

area of 'J'riassic sandstone has bee-i recognised at Salisbury Cove. Tho

beds dip E.N'.E., at an angle of 10°, and arc of a paler red than at

Quaco.

Tlicsc remnants of New Red Sandstone on the New Brunswick side

of the IJay of Fundy concur, with the similar deposits in Nova Scotia,

in showing that tho depression occupied by that bay had already

assumed nearly its present form ; and this, together with the fact that

the Carboniferous rocks had been disturbed and hardened before tho

deposition of these later beds, affijrds, as Mr Matthew has well

remarked, strong evidt'ucc that the New Red Sandstones of the IJay of

Tundy are Triassic rather than Permian.

5. General Remarks on the Trias of Nova Scotia and New
Brunswick.

It will be observed that, in the notes referring to the coast sections of

the New Red Sandstone, I have given especial attention to its relations

to the older rocks, especially those of the Carboniferous system. I

have done so, bocaiise much doubt formerly existed as to the precise

limits of this formation. The earlier Avritcrs on the geology of Nova
Scotia and New iirunswick associated it with the red sandstones and

gypsums of the Carboniferous period, and describetl the whole as " New
Red ;

" and it was not until the first visit of Sir Charles Lyell that the

great beds of gypsum and limestone of Windsor, the Shubenacadie,

and other places, with their associated sandstones and marls, were

recognised as Lower Carboniferous. Even af'*^ Sir Charles hivd pub-

lished his results, these were dissented fi'ri Soth by Logan and

Gesner, though both these geologists subsequently convinced them-

selves, and admitted that they had been in error; and the latter even

Avent so far as to believe that the red sandstones of Blomidon and

Comwallis were also Carboniferous. It then became a question whether

there were really any I'ocks of the Triassic period in the province, and

to determine this point, the writer undertook, in 1846, a careful ex-

amination of the red sandstone and trap on both sides of the bay, the

results of which were published in the Proceedings of the Geological

if
.*5f
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•' I am not aware that any rocks criuivalnnt in age to the rod

sandstones which have heen dcscrihcd occur in any other part of N<iva

Scotia. Ucil Mindhtones, not unlike those of ('orinvaHiH and Truro,

occur in some parts of the newer Coul formation, as seen on the shores

of the (lulf of St Lawrence ; hut tiicy alternate with heds of shale and

gray sandstone, containing fossil plants of carboniferous species.

Prince Kdward Island, in the (Julf of St liawrencc, is chiefly com-

posed of soft red sandstones, little disturbed, and similar in mineral

character to the New i{ed Sandstone of Nova Scotia ; but they coiitain

in their lower part silicilicd wood and other vegetable fossils, whic!; aro

not unlike some of those found in the newer Coal formation. It is,

however, prt)bablo that the greater part of these red sandstones of

Frince Kdwanl Island are post-carboniferous. It is also probable that

the New Red Sandstone of Connecticut, and some other parts of tho

United States, which is believed to be a Triassie deposit, may be of tho

same age with the formation above described. At present, however,

from tho want of fossils in ilie New Red Sandstone of Nova Scotia,

it must be regarded as a p'-l-carbonifcrous deposit of uncertain age.

'•'The red sandstones now described appear to liavc been de-

posited in an arm of the sea, somewhat resembling in its general form

the southern part of the present I5ay of Fundy, but rather longer and

wider. This ancient biiy was bounded by disturbed Carboniferous and

Silurian strata ; and the detritus which it received was probably chiefly

derived from the softer strata of the Carboniferous system. The are-

naceous nature of the New Kcd Sandstone, as compared with the char-

acter of these older deposits, indicates that the ancient bay must have

been traversed by currents, probably tidal like those of the modern

bay, which washed away the argillaceous matter so as to prevent the

accumulation of muddy .sediment. When we consider the large

amount of land in the vicinity of the waters in which the New Red Sand-

stone was deposited, the deficiency of organic remains in its beds is

somewhat surprising, though this is perhaps to be attributed rather to

the materials of the depo,sit and the mode of its accumulation, than to

any deficiency of vegetable or animal life at the period in question.

"The volcanic action which manifested itself in the bed and on the

margin of the bay of the New lied Sandstone is one of the mo.st remark-

able features of the period. It has brought to the surface great

quantities of melted rock, without disturbing or altering the soft are-

naceous beds through which it has been poured, and whose surface it

has overflowed. The masses thus accumulated on the surface have

greatly modified the features of the districts in which they occur

;

especially the great ridge extending westward from Cape Bloraidon.

'A
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It is worthy of note, that this ridge, probably marking the site of

a line of vents of the New Red Sandstone period, and occurring in a

depression between two ancient hilly districts, so nearly coincides in

direction with these older lines of disturbance. Tlie trap rocks asso-

ciated with the New Red Sandstone do not precisely coincide in mineral

character with any that I have observed In other parts of Nova Scotia,

though it is possible that some of the igneous rocks which have pene-

trated and disturbed the Carboniferous rocks of various parts of this

province may belong to the New Red Sandstone period, or are of a

date not long anterior to it."

The red sandstone formation affords fine loamy friable soils,

especially adapted to the culture of fruit and of the potato. The red

sandstone valleys of Annapolis and King's arc celebrated for their

apple orchards, which furnish large quantities of excellent fruit for

exportation to the other parts of the colonies, and even to the United

States and Groat IJritain. The same districts are well adapted to the

^rowth of Indian corn, large quantities of which are annually pro-

duced ; a'..d in those years in which the potato has failed over nearly

the whole of America, it has remained uninjured in the red sandy

loams of Cornwallis, the farmers of which have in consequence realized

large sums by supjjlying the markets of the New England states.

The calcareous matter whicli serves as a cement to the sandstone,

and the alkalis derived from the fragments of trap which liave been

scattered through the soil in the Drift period, add much to the fertility

of these districts.

The agricultural capabilities of the trap are very different from

those of the red sandstone. The soil, formed of decomposed trap, is

veiy rich in the miiieral ingredients most necessary to cultivated

plants. It produces in its natm-al state a most luxuriant growth of

timber, and yields excellent crops when recently reclaimed from the

forest; but, perhaps from its porous and permeable texture, it is said

not long to retain its fertility. I fear, however, that very bad

methods of farming have generally been ap[)licd to it. The situation

and exposure of the trap are singularly different from those of its con-

temporary the red sandstone. The latter usually appears in low and

sheltered valleys. The trap, on the other hand, forms steep acclivi-

ties and high table-lands, exposed to the full force of the storms and

changes of an extreme and variable climate ; while its ranges of

rugged cliffs, with their cascades, their terrible landslips, and the wild

beating of the winds and waves upon their bai'e fronts, present nature

in an aspect altogether different from that which she wears in the

quiet valleys of the red sandstone. These differences arc, even in this

o
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new country, not witliout tlioir iiiflncnce on the mental and moral tone

of the inhabitants of these dissimilar districts.
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5. Minerals of the Xcn' Red Sandstone and Trap.

Tho red sandstone of this formation does not contain any valuable

rop(.-:it(irios of useful minerals. It frequently includes small veins of

foliated and fibrous gypsum. In some parts of King's County it con-

tains thin bauds of impure limestone, and In one locality, near

Cornwallis Ibidgc, I have observed in it a bed of impure manganese

ore, a mineral which also occurs at Quaco. These deposits are,

however, of ti)o small dimensions to be of any practical value. The

sandstone itself is usually too soft and perishable to form a useful

building-stone. Blocks and slabs of it are, however, quarried for

fire-places and cliimncys, and arc said to be well adapted to this use.

The trap contains some small veins of metallic minerals, not as yet

known to be of mining importance ; but it abounds in the finely

crystallized minerals usually contained in the ancient vidcanic rocks,

and the long range of coast-line which it occupies, and the very

rapid waste which it is undergoing, place these within reach of the

collector in almost unexampled abundance. As these minerals are of

much interest to mineralogists, and the trap formation of Nova Scotia

has become somewhat celebrated fur the abundance and fineness of

the specimens which it affords, I give below a catalogue of the mineral

species that I have collected, with references to the localities from

which I have specimens in my cabinet, and which I believe to be the

most productive of fine specimens. Many other loctalities, however,

are mentioned by Messrs .lackson and Alger and Dr Gesner, who
have devoted especial attention to these beautiful jiroductions, I

may remark, however, that interesting sjiccimcns may be found in

almost all parts of the trap coasts, by inipiiring for the spots in which

land-slips have most recently occurred.

Magnetic Iron Ore—in octahedrons and massive ; Partridge Island,

North Mountains of King's.

Specular Iron Ore—in tabular crystals ; Sandy Cove.

Native Copper—in irregular masses; Cape d'Or, Briar Island, and

I'ctcr's Point.

Grai/ Sidphuret of Copper, Orcen Carbonate of Copper, Oxide of
Copper, associated with Magnetic Iron, at Indian Point, also

Cape d'Or; not in fine specimens.

Quartz—occurs in a great variety of beautiful forms, among which

a

1,

'i'
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arc Amethyst and Transparent Qnartz in slx-sidcd pyramids,

Agate, Clialcedony, Carnclirin, and Jasper. The best localities

for these minerals arc BlomidDn, Scott's Bay, Digby Neck,

and Partridge Island. A fine variety of Moss Agate occurs

at the Two Islands, and a sort of Qnai'tz Sinter in imperfect

crystals and beautiful coralloidal forms in tlie neighbouring

promontory of M'Kay's Head. Large quantities of fine Agates

and Jaspers, applicable to ornamental purposes, may be fouuu

at Cape Blomidon and Digby Neck ; and the Amethyst of the

same localities is some s in sufficiently large ciystals to

admit of being cut for r. j;-stones, seals, etc.

Opal—occurs at a few localities, in the plain variety of semi-opal

;

and very frequently, in the form of white chalky Cacholong,

forms the basis of fine crystallizations of amethyrt, having

lined the cavities of the trap before the latter was deposited.

Heulandite—Hydrous Silicate of Alumina and Lime, in fine rhombic

prisms, colourless and light flesh colour, at Blomidon, Blpjk

Rock, Partridge Island, etc. Minute yellow crystals are found

at Two Islands.

Slilbite—Hydrous Silicate of Alumina, Lime and Soda, or Potash,

in radiated and sheaf-like aggregations of crystals of honey-

yellow and brown colours, at Partridge Island, Sandy Cove,

Blomidon, Black Rock, etc. Fine groups of white crystals

are found at Black Rock in King's County and its vicinity.

Mesoti/pp.—Tlic variety or spec'cs NatroUte, the Hydrous Silicate of

Alumina and Soda, is found in small prismatic crystals and

in radiated masses of crystals, at Blomidon, Two Islands,

M'Kay's Head, Scott's Bay, etc. The variety Scolecite, or

Hydrous Silicate of Alumina and Lime, is found at the same

localities, also in radiating and prismatic forms. The variety

Mc'solite, or lime and soda Mesotype, is also found at various

localities.

Laumonite—Hydrous Silicate of Alumina and Lime, in whitish and

light red prismatic crystals, at Peter's Point, Black Rock,

Sandy Cove, etc. This mineral, very beautiful when freshly

tak.^n from the rock, loses water and becomes opaque and

brittle when exposed to air and light. I have found that this

change takes place very rapidly when the specimens arc

exposed to sunlight, and is much retarded by keeping them

ill darkness. Immersion in gum-water is also a preventive.

Chabazite—Hydrous Silicate of Alumina, Lime, Soda, and Potash.

The flesh red, brownish red, purplish red, and yellowish red
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varieties, whicl; have been named Acadiolite, are found abun-

dantly at Two Islands in trap conglomerate. Their rod

colour is due to the peroxide of iron -which abounds in the

cement of the conglomerate and the neighbouring red sandstone.

Grayish and white varieties are found at the same place, also

at Cape d'Or and Digby Neck. The usual form Is the primary

rhombohedron ; the six-sided pyramid occurs rarely at Cape

Rloniidon. According to Marsh, the variety Gmelinite is

found at Hlomidon.

Analcimc—Hydrous Hilicate of Alumina, Soda, and Lime. Trapezo-

licdrons of white and dull reddish colours occur at Blomidon,

Two Islands, M'Kay's Head, etc.

Thomsontte—Hydrous Silicate of Ahnniua, Lime, and Soda or Potash.

I have a small specimen in radiating crystals from the North

Mountains of King's (^)unty.

PrehnUc—Hydrous Silicate of Alumina, Lime, and Iron. Recorded

by Gesner as found at Black Rock. I have not seen it.

Apophyllite—Hydrous Silicate of Lime and Potash is foiuid at a

number of places, Init in none very plentifully. Green and

white crystals, aggregated in plates or in square prisms, occur

at Blomidon, Peter's Point, Two Islands, and Cape d'Or.

The finest specimens that I have seen are from the latter j)]ace,

and present rosette-shaped groups of crystals. They Avero

collected by tlie late Professor Chipman of Acadia College,

and are now, I believe, in the museum of that institution.

Calcareous »S/*o)—Carbonate of Lime is found in fine rhombohedral

crystnls of white and yellowish colours, and also in the

imperfect scalcnohedrons known as Dogtooth spar, at Partridge

Island, Black Rock, Two Islands, etc.

To the above list I may add Faroclite, a mineral iiUied to Scoleeite,

discovered by Prof. How at Port (icorge, and mentioned by Mar.-<h

as occurring at Cape d'Or and Blomidon.* Prof. How has also

noticed Gyrolit)' as occurring in Apophyllite near Cape iilomidon,-}-

and has described Ceiilrallasite, Cei'inite, CyanoUte, and Murdenite,

from the Trap of Nova Scotia.j:

* Silliniairs .Journal, N. S., xxvi. p. 31, and vol. xxxv. \i. 215.

t Ihid., vol. xxxii.

t Ed. Phil. Journal, x. 84, Qu. Journ. Clieni. Soc, 1864.

•
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THE TJUAS OK NEW 1!ED tiX'SDiTOSM—CoHlinuo!.

PRINCE EDWAUD ISLAM)

—

ACV. f)F ITS SANDSTONES—FOSSIL PLANTS

IMU'TII.IAN HEMAINS USEFUL MINERALS AND SOIL.

ill

^l!l

PuiNCE Edward Island, which stretches fur 125 miles along the

northern coast of Nova Scotia and ]Sew Brunswick, has everywhere

a low and undulating surfocc, and consists almost entirely of soft red

sandstone and arenaceous shale, much rescinbling the New Ked of

Nova Scotia, and like it having the component ])articles of the rock

united by a calcareous cement. In some places the calcareous matter

has been in sufficient abundance to form bands of impure limestone,

usually thin and arenaceous. Over the greater part of the island

these beds dip at small angles to the northward, with, however, large

undulations to the south, which probably cause the same beds to be

repeated in the sections on the opposite sides of the island. This is

the general character of the island in all parts of it that I have

explored, with the exception of a few limited spots on the soutli side,

which present brown and gray sandstones and shales, not unlike some

of the ujjpcr parts of the Coal Formation of Nova Scotia, and containing

a few fossil plants. These are apparently the lowest and oldest beds

obserred, and they may possibly belong to a series underlying

unconformably the ordinary red sandstone of the island. The deter-

mination of their true geological age is important, as affording data

for ascertaining that of the red sandstone. I shall therefore give a

Bomewhat detailed account of these beds as they appear at Orwell or

Gallows Point on the south coast, about ten miles east of Charlotte-

town.

In approaching this place, the red sandstone forms long undulations

eloping gently toward the shore, and the coast displays a series of

low points, terminated by red sandstones, which, though not hard,

have better resisted the wearing action of the waves than the softer

strata which have occupied the intermediate creeks. Passing through

Cherry Valley, the country has the same appearance until we enter
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the by-road to Orwell or Gallows Point, when the soil loses its bright

reil colour, and assumes a grayish tint, and more argillaceous com-

position, indicating to the geological traveller a change in tlic com-

position of the rocks beneath. Un reaching the extremity of the

Cape, a good section of a considerable variety of rocks may be seen.

Their dip is to tlie E. S. E. by compass (variation about 19 deg, W.),

at an angle of oidy G degrees ; consequently in proceeding along the

shore to the westward, lower and older rocks appear cropping out

from beneath those which overlie them. Commencing witli those

wliieli are higlicr in order, red and brown sandstones, of soft and rather

coarse texture, occupy a consiilerablo portion of the shore, projecting

in low reefs into the sea, and rising to tlio height of a few yards in a

water-worn clitf. I5cucath these appear harder gray sandstones,

containing gray and brown impure limestone, in bods a few inches in

thickness. One of tlieso beds contains a number of fragments of

fossil i)]ar.ts, in a very imperi'ect state of preservation. Beneath tliese

strata is a bed of sandstone, containing small nodules of rod ochre,

and in one place the impression of a large fossil tree, whose wood

has disappeareil, leaving a mould which has been filled with ochreous

clay. Pr()eeeding iu the same direction, wo find beds of considcrablo

thickness consisting of gray and brown clay, apparently without coal

or fossils, neueatli those are several beds of brownish sandstone of

various qualities, one stratum appearing to bo suiheiently hard for

building pur|ioses. Eml)cdded in one of these layers appear some

large fossil trees, one of them nearly three feet in diameter; they are

prostrate and much flattened by pressure, and the place once occupied

by tlieir wood is now tilled with a hard dark-coloured silieious stone,

which, when polished in thin slices, and examined by the microscope,

dis[ilays the structure of the original wood. These trees appear to

have been partially decom[)osed before they were submitted to the

petrifying process, and the rents caused by decay are now filled with

red-coloured crystals of sulphate of barytes. In some of the

specimens the fissures are coated with silieious crystals, and portions

of some of the truidvS consist of a soft carbonaceous ironstone retaining

the woody structure. These fossil trees carry back our thoughts to

a period when Prince T^dward Island was a tract of submarine sand,

in which drift trees were embedded and preserved, and which has

since been indurated and partially clevateil above the level of the sea.

In another of these sandstone bods are the remains of a large tree

compressed to the thickness of an inch, and converted into friable

shining coal, coloured in some places with green carbonate of copper.

These beds must belong cither to the very newest portions of the

! J
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Coal Formation, wliicli in some particulars they closely resemble, or

to the lower part of tlie New Red Sandstone ; and in cither case the

sandstones of the greater part of Prince Edward Island will be New
Red. Unfortunately I could not observe whether the latter are

superimposed conformably or unconformably on the lower beds, and

the fossils arc hardly sufficiently well characterized to indicate to

which epoch they belong. With tlio view of obtaining from them

all the information they are capable of affording, I have examined

the fossil wood of this locality, and some .specimens found lying

loose on the surface at Des Sables and other places in the Lsland,

with the following results :

—

Tiiin slices of the specimens from Orwell Point show under the

microscope in the transverse direction a dense tissue of quadrangular

cells, arranged in rows, with numerous but narrow medullary rays.

Longitudinal slices in the dii'cction of the medulhiry rays show

elongated parallel cells, with traces of hexagonal discs on the walls

of the cells, tliD-e being two or more rows of discs in each cell, though

these structures are not very distinct. These characters are those

of coniferous wood (that of tlie pine tribe), and of that particular

type of coniferous trees which appears in the northern hemisphere

only in the Palteozoic and Mesozoic rocks. The specimens from

other parts of Prince Edward Island show similar .structures, some

of them even more distinctly.

In so far as I can make it out, the .structure is that of the genus

Dadoxylon, and approaches to that of D. materiarhan, the most

common fossil pine of the Upper Coal Formation in Nova Scotia. The

evidence of this fossil wood thus tends to indicate an older geological

period than that of the New Red Sandstone,—assuming the latter to be

of Triassic age,—and would give some countenance to the belief that

these beds of the south coast of Prince Edward Island at Des Sables

and Gallows Point, if not Penuian, may represent the upper beds of

the Newer Coal Formation, to which, as they appear in Eastern Nova
Scotia, these rocks bear considerable resemblance. The beds of the

Newer Coal Formation in Eastern Nova Scotia are usually only slightly

inclined, and arc arranged in flat synclinals and anticlinals. It is

quite possible that one of the latter crossing the strait may appear rising

from under the New Red Sandstone. This view, if established, would

be of importance in answering the question whether coal is likely to

be found in Prince Edward Island, a question to which v/e may
return in the sequel. Whatever the age of these beds, they are

probably the oldest known in the island, and the red sandstones

resting on them may be assumed to be Triassic.
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A very interesting fossil, which greatly aids in fixing this geological

age for the red sandstones of Prince Edward Island, has recently

been discovered. It is a portion of the jaw of a large carnivorous

reptile, apparently closely allied to the Thecodontosaurus of the

English New lied Sandstone. This creature must liave rivalled in

dimensions the modern alligators, but must have belonged to a differ-

ent group of reptiles, represented in the present world only by lizards

of modcnite or small dimensions. It was, in short, one of that giant

reptile aristocracy which constituted the dominant animal type in the

Middle or Secondary periud of geological time, which in consequence

has long been known as the peculiar "age of reptiles."

The specimen was found by Mr D. M'Leod of New London, on

the north side of the island, in the bottom of a well, at the deptii

of twenty-one feet nine inches, and imbedded in the ordinary soft red

sandstone of that part of the island. The discoverer was desirous

of disposing of the specimen ; and the writer being convinced that

it would prove of great interest to naturalists, if examined and

described by a competent anatomist, offered 'o negotiate its sale.

By the advice of Sir Charles Lyell, then in America, it was offered

to tiie Academy of Natural Sciences, Philadelphia ; for which it was
finally piu'chased for the sum of thirty dollars. It was described and

figured in the Proceedings of tiie Society by Dr Leid}-, from whose
elaborate paper I extract the following description, wiiich, with the

aid of Fig. 29, will serve to give some idea of its character :

—

Fig. 29.— OutliM ofJaw of Bathygnatliua borealia,—reduced.

(a) Cross section of second Tooth, nat. size. (h) Fifth Tooth, nat. size.

"The specimen consists of the right dental bone, considerably
broken, attached by its inner surface to a mass of matrix of a red
granular sandstone, with large, soft angular red chalk-like stones

41



120 THE TRIAS OR NEW RED SANDSTONE.

imbedded in it.* The fossil lias seven large teeth protriuliiij:,' beyond

the alveolar innrgi i of the jaw; and it is hard, brittle, and croam-

coloured, and stands ont in bcantifnl relief from its dark-red matrix.

The jaw indicates a laccrtian re))tile, and, in eomparison with thfvt of

other kr\own extinct and recent genera, is remarkable for its great

depth in relation to its length.

"The depth of the dental bone is five inches, whilst its length

in the perfect condition appears not to have exceeded seven and a

quarter inches ; for in the specimen the middle part of the posterior

border is so thin and scale-like, that I am disposed to think it here

came in contact with the supra-angular and other neighbouring bones.

" The teeth, in their relation to the dental bone, are placed on the

inner side, and rest against the alveol.ir border, which rises in a

parapet external to them. Whether this parapet is supported by

abutments between the teeth, as in Mcgalosaitnts, I cannot cleraly as-

certain, from the inner side of the jaw being so closely adherent to the

matrix. The dental bone, if it be considered com[dete in its length

in the specimen, is capable of containing a series of twelve teeth.

"As the teeth were worn away or broken off, they were replaced

by others produced at their inner side, as is indicated in the speoimon

by a young tooth, which is situated internal to, and is concealed by,

the largest mature tooth. Tiic enamelled crowns of tho fully pro-

truded teeth are exserted at their base for several lines above tho

alveolar border of the jaw. They arc compressed, conoidal, and

recurved ; but compared with those of Mcgalosauriis they are not so

broad, compressed, nor recurved, and they are more convex externally,

and are less so internally. They resemble much in form those of the

recent Monitor ornatus, but are less convex internally. The anterior

and posterior acute margins of the crowns are minutely crenulated

;

and the crenulations commence just below the tip, and descend as far

as the enamelled base."

Dr Lcidy then proceeds to describe the teeth minutely, remarking

that the first in the series is narrow, and not crenulated, and that it

is separated from the second by a space sufficiently large to have held

another tooth. " The second tooth seen in the figure is the largest

and longest of the series; and its enamelled crown, when perfect, was

about an inch and three quarters long by seven lines in breadth at the

base. Its fang can be seen in the wide fissure of the jaw, descending

two inches from the alveolar border ; and, being broken, it is observed

to be hollow as far as the enamelled crown." The third tooth has

not fully protruded, and the fourth, fifth, and sixth, have nearly the

* These are probably concretions.—J. W. 1).
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same size ami form, ami aro liij^lily ]icrf('et piorcinp; and cutting

instninionts, witii .sliarp and finely cicnniatcd ed,i,'('s. Tiiu spacn; bo-

twcL'n tlio i'onrtli and lit'tli tuntli is Hullicii'Mt to contain one additional

tootii, and tliat bet\ve(Mi the sixth and seventh is sulVicient for two,

and has in it a jonnt,' ti'otii just appearing above the jaw. Tiiere is

an impression of an eighth tooth on the matrix. Tlie wliolo jaw nniy

tiuis, wdien j)erfeetly liUed, have accommodated twelve teeth on each

side of the month ; in prcdaceous reptiles, however, the teeth aro

often broken and are renewed, so that in adult animals they are never

uniform or i'om[ilete.

From the extraordinary depth of the dental bono relatively to its

length, and from its northern locality, Dr Leidy has named the

animal to which it belonged Baihijgnathus borcalis. He adds; "This

interesting fossil is the second anthoiitic discovery of saurian bones

in the New Iveil Sandstone of North America; the first being tiioso

found near ilossac's Creek, in Lehigh county, Pennsylvania, by l)r

Joel Y. Shelley, and described by iny friend Mr Isaac Lea, under the

name of Cleptti/sciitriis Pcunsi/lranicus."

The remains of this ancient reptile must have been drifted by the

sea, and embedded in the sand now fonning the red sandstone of

New London. Probably its bones, after the decay of the body, \vcre

scattered over the bottom, to be buried under the next layers of sand

spread over it. What information can we derive from tiie fragment

which has been handed down to our time, respecting the structure

and habits of the creature, and the age of the rock in which it was
embedded? The teeth prove decisively that the animal to which

they belonged was fitted for capturing and devouring other animals.

It is difficult to imagine an instrument better fitted for citting and

tearing asunder than a jaw furnished with these sharp and serrated

teeth. The size of the teeth, and the shortness and depth of the jaw,

indicate an amount of power sufficient for the destruction of large

animals, perhaps fi.shes, smaller reptiles, or even clumsy and gigantic

wading birds, all of which are known to have existed as fi\r back

as the New Red period. Among living carnivorous reptiles, those

whicli, like the crocodile, are clum.sy and less agile in their movements,

have elongated snouts to enable them the more easily to secure their

prey ; those which, like the serpents, can move v.->fh extreme rajiidity,

have comparatively short jaws. We may therefore infer that this

creature was furni.shod with means of very rapid movement, either

on land or water. It could spring or dart on its prey. If we had

the remains of its extremities, we could determine what its means of

movement were, and whether the sea or the land was its sphere of

A
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activity. "Without these nothing very certain can be determinod on

these subjects. The apparent thiiuicss and density of the bone,

however, and its width of surface, convey tiic impression that it was

intended to combine great strength witli great ligiitncss, and therefore

that it belonged to a creature of terrestrial habits. Probably con-

siderations of tiiis kind, though lie docs not state his reasons, induced

Dr Leidy to hazard the conjecture, "Was tliis aninnd probably not

one of the bipeds which made the so-called bird-tracks of the New
lied Handstone of the valley of the Connecticut? " This conjecture of

an eminent anatomist, itself shows how singular and anomalous among
reptiles is this fossil fragment.

Had this fossil been speciiically identical with aiiy reptile whose

remains have been found in other countries the age of whose rocks

has been determined, it might have given conclusive evidence as to

the true geological age of the red sandstones of New London. It is,

however, a new species of a new genus, (juitc distinct therefore from

any species found elsewhere. Still it gives some important testimony.

It belongs to a group of large and highly organized carnivorous

reptiles now extinct, and which occupied in the Secondary period of

geology a place afterwards taken by the carnivorous mammalia. No
reptiles of equal grandeur and perfection have existed since the

beginning of the Tertiary period ; and so far as we know, none were

created before the very close of the Pahuozoic period. IJetween these

eras, therefore, we may place our fossil ; but this gives a very wide

range. There is, however, a ditfcrence uifades or general appearance

between the reptiles of diftcrent parts of this long reptilian dynasty,

which enables us to distinguish between them, just as an antiquary

might distinguish a coat of armour of the time of John of Gaunt from

one of the time of Henry the Seventh. Now, as already hinted, the

reptile in question appears to have most nearly resembled the llieco-

dontosaurus and Palivosaiirus^ reptiles of the Triassic system of

England, than any other known animals ; hence it confirms the view

generally adopted on other grounds, that this is the age of the Prince

Edward Island New Red, and its corres})oiulIng formation in Nova
Scotia, At the time when the first edition of this work was published,

it was held by British geologists that the dolomitic conglomerates of

Bristol, in which the remains of the two saurians above named are

found, belonged to the Permian period; and I stated accordingly

that the affinities of Bathygnatlms seemed to be with reptiles of that

period. More lately, however, the officers of the Geological Survey
of Great Britain have satisfied themselves that the beds in question

belong to the Trias.
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Tlio red sftiKlHtoiic of Prince Edward Isliind is not known to cuntuiii

any useful niincnils except limestone, which occurs in thin beds in

several places. Indications, ai)[)arcntly of no economic value, uf ores

ofcc^piicr and manganese occur in a few places. The red sanilstoiio

everywhere su})[)orts a fine, friable, loose, loamy soil, whiidi rendcns

Prince Edward Island one of the finest agricultural districts in the

lower provinces—a distinction which well compensates the want of

valnalili' i.uni'rals. I have not observed, in any of my excursions in

the island, any traces of igneous action; but Dr Gesner, in the report

of a survey undertaken for the jjrovincial (iovenunent, mentions the

occnrrcticc of a limited niii-s or dike of tra[» on Hog Island, an isolated

.spot whieh I have not vi.--ited, in irichmond Hay; and which I have

accordingly coloured in the nuii) with the tint appropriate to that

rock. This fact, thougli not of any importance in establishing the

ago of the formation, ailords an additional analogy between it and

the New lied of Nova Scotia.

The question of the possible occurrence of coal in Prince Edward

Island has always been of much interest to its iidiabitants, and I

believe that a grant of money has been made by tiie Legislature to

promote boring in search of nuneral fuel. In answer to this rpiestion,

it may be stated, in the first place, that since the rocks of Prince

Edward Island, en* the greater part of them, are certainly newer than

the Coal Formation, there is a reasonable i)robability that the coal-

measures exist under the island. On the other hand, the New Red
Sandstone being of considerable thickness, and the upper nnprodue-

tive coal formation of Nova Scotia being also of great thickness, it is

probable that such coal-beds as may exint under Prince Edward
Island are at a very great depth. Again, it is very obvious that, if

boring operations are to be undertaken, the chances of success would

be very different in different parts of the island. Toward the north

side the whole thickness of the red sandstone would have to be bored

through, probably to the extent of several hundreds of feet, before

icaching even the Upper Coal Formation. On the other hand, at those

places on the south side where fossil plants occur, it is even possible,

as above stated, that the upper l)eds of the Newer Coal Formation

actually crop out from beneath the red sandstone. In this case the

chances would be much better ; but since the Upper Coal Formation

of PictoH, without productive coals, is estimated at about 3000 feet

in thickness, the valuable coals would still be out of reach, unless this

upper member should prove thinner than on the mainland, of which

we have as yet no evidence.

The question would be complicated by supposing the possible
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CHAPTER IX.

THE I'EKMIAX liLANK.

One whole pciiod of the earth's Pala?ozoic hi.stoiy appears to be

represented by no monuments in Acadia. Ulie base of the Trias

cverywlicre rests uncoiifoniiably on the ui)turned licdsof tlie ("arboni-

ferous, and the Pcrinian sy.-tem, represented in Knj^daud by the great

mi;giiG:*Ian limestone and its associated beds, and in Ciermauy by the

Zeehstein and the sandstones and sliales above nnd below it, is absent

from our series of formations. The same gap occurs, in so far as

known, throughout Eastern North America. It is only west of the

Mississippi, in Kansas, and on the eastern slope of the Kocky Moun-

tains, that the Permian beds have been recognised. There tiicy

consist of limestones, sandstones, marls, and conglomerates, with

beds of gyj)suni resting Cduforinably on the (.'arboniferous beds, and

separating them from the Trias. Their fossils are closely allied to

those of the Upper Coal Eormation, and very diiVerent from those of

the Trias,—the latter constituting the begiuning df the great Mrsozoic

division of geological time, the former the close of the J'akrozuic.

The lapse of time represented by these Permian beds, and which,

though j)robably shoi'ter than the Carboniferous period, must have

been of lung duration, is indicated in Acadia oidy l)y the disturbances

wliich the Carboniferous beds have sufTcrcd before the deposition of

those of the Trias, unless wc can regard any portion of the great

series of beds which I have named the Upper Coal Formation as

equivalent in time to the Permian.

It may be well shortly to iiujuirc if we can bridge over this vacant

space by any considerations based on the well-known systems of

formations which constitute its bouiularies. We have here first the

well-established fact, that the limg and (pact (leriod of the Coal Forma-

tion was succeeded in Eastern America by an cpuch of physlca!

disturbance, in which the Carboniferous rocks were greatly tilted and

contorted, and In many places subjected to more or less alteration.

The time occupied by these processes we cannot precisely measure

;
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SUBORDINATE GKOUPS OR FOKMATIONS. 129

lowest member of the scries, which, if developed and exposed in that

locality, would raise the aggregate to at least 16,000 feet. It is

certain, however, that the thickness is very variable, and that in some

districts particular members of the series are wanting, or are only

.slenderly developed. Still the section at the Joggins is by no means

an exceptional one, since I have been obliged to assign to the Car-

boniferous deposits of Pictou, on the evidence of the sections exposed

in that district, a thickness of about 16,000 feet; and Mr R. Brown

of Sydney has estimated the Coal formation of Cape Breton, exclusive

of the Lower Carboniferous, at 10,000 feet in thickness.

When fully developed, the whole Carboniferous series may be

arranged in the following subordinate groui)S or formations, the limits

of wliich are, however, in most cases not clearly defined :

—

(1.) The Upper Coal Formation, coniammg co?l\ formation plants,

but not productive coals.

(2.) The Middle Coal Formation, or coal formation proper, con-

taining the productive coal-beds.

(3.) The Millstonc-ffrit Series, represented in Nova Scotia by red

and gray sandstone, shale, and conglomerate, with a few

fossil plants and thin coal seams, not productive.

(4.) The Carboniferous Limestone, with the associated sandstones,

marls, gypsum, etc., and holding marine fossils, recognised

by all palaiontologists who have examined them as carbon-

iferous.

(5.) The Lower Coal Measures, holding some, but not all, of the

fossils of the Middle Coal formation, and thin coals, not

productive ; but differing both in flora and fauna from the

Upper Devonian, which they overlie unconformably.

In regard to their mineral character, thickness, organic remains,

and geographical distribution, these several formations may be de-

scribed as follows ;
—

*

[a.) The Upper Coal Formation.—Consists of sandstones, shales,

and conglomerates, with a few thin beds of limestone and coal. Cata-

mites Sitckovii, Annidaria galioides, Cordaites simplex, Alethopteris

nervosa, Peeopteris arhoreseens, Dadoxylon materialman, Lcpidophloios

parvus, and Sigillaria scutellata, are among its characteristic vegetable

fossils. Its thickness is 3000 feet or more ; and its shales and sand-

* If the reader should, in glancing at these descriptions, or at the succeeding
sectional list, meet with technical terms not familiar to him, he will find their

explanation farther on, in the chapters and notes relating to Carboniferous fossils.

Descriptions of genera and species may be referred to by looking up their names in the

index, where the numbers of the pages in which they are described or figured will

be indicated.
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! *

stones arc frequently reddened by the; peroxide of Iron, though usually

not of so bright a red as tlie New lied Sandstone, and always alternating,

at short intervals, with gray beds. It occupies a considerable breadth

in tlic county of Cumberland north of the Cobcquid Mountains, in

Northern Colchester, and in I'ictou. It is well exposed on the Joggins

coast, and on the coast of Northumberland Strait west of I'ictou

Harbour.

(b.) The Middle Cual Formation, or coal measures proper.—This

series includes the productive beds of coal, and Is destitute of properly

marine limestones. Beds tinged with peroxide of Iron are less com-

mon in this formation than in any of the others. Dark-coloured

shales and gray sandstones prevail, and there are no conglomerates.

Si(jillarire and Sligmarice of many species are the most conspicuous

and abundant fossils ; but ferns, Cordailes, and Calainites arc also

extremely abundant, and all the genera of Carboniferous plants are repre-

sented. Many beds, especially those in the vicinity of layers of coal,

contain minute Entumostraca, shells of the genus Anthracomya [Naia-

diles), Spii'orbis carbonarius, and remains of ganoid and placold fislies.

The thickness of this formation may be estimated at lOOO feet.

It is largely developed In Cumberland, PIctou, and the eastern and

western sides of the island of Cape IJreton, and it occupies a great

breadth In New Brunswick.

(c.) 21ie '' Millstune-grit" Formation,—This name, though not in

all cases lithologically appropriate, has been borrowed from English

geology to designate the group of sandstones, shales, and conglome-

rates, destitute of coal, or nearly so, and with few fossil plants, which

underlies the coal measures. In Its upper and middle part it includes

thick beds of coarse gray sandstone holding prostrate trunks of conl-

fei'ous trees [Dadoxylon Acadianum). In its lower part, red and

comparatively soft beds prevail. This formation Is exposed in the

same localities mentioned above for the Middle Coal formation, and

especially in the south Joggins section, where it attains to the enor-

mous thickness of between 5000 and 6000 feet.

[d.) The Lower Carboniferous Marine Formation.—The essential

features of this formation are thick beds of marine limestone, charac-

terized principally by numerous brachlopods, especially Productus

Cora, P. semircliculatns, Athyris subtilita, and Terebratula sufflata,*

with other marine invertebrates. Associated with these limestones

are beds of gypsum, and they are enclosed In thick deposits of sand-

stone, clay, and marl, of prevailing red colours.

* See Davidson " On Lower Carboniferous Bracliiopoda from Nova Scotia," Quiirt.

Journ. Gcol. Soc, vol. xix. p. 158.
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The thickness of this formation seems to be very variable, and in

some districts it is represented almost entirely by conglomerates,

while in others It abounds in limestone and gypsum. It is very

largely developed in Hants and Colchester counties, and rises from

beneath the Millstone-grit in Cumberland, Pictou, and Cape Breton.

Smaller areas occur in several other parts of the province of Nova

Scotia, and it is extensively developed In New Brunswick. It affords

all the gypsum exported from Nova Scotia and New Brunswick.

(e.) T/ic Lower Carboniferous Coal Measures, or Lower Coal Meas-

ures.—In some localities these resemble in mineral eharacter the true

coal measures. In others they present a great thickness of peculiar

bituminous and calcareous shales. They usually contain In their

lower part thick beds of conglomerate and coarse sandstone, which in

some places prevail to the exclusion of the finer beds. The charac-

teristic plants of these beds are Lepidodendron corrugatum and

Cycloptcris Acadica, with Dadoxylon antiqulus, and Alethnpteris

fieterop/i>/Ua.* They also contain locally great quantities of remains

of fishes, and many Enton^ostracans, among which are Leaia Leidyi

and an Esthcria, also Leperditin subrecta, Portlock, lieyrichia col-

liculus, Eichw., and a Cythere^^ probably new.

This formation Is not everywhere distinguishable at the base of the

Carboniferous, and Is variable In its characters. It is seen In southern

Cape Breton, in the county of Sydney, and in Hants ; but Its most

remarkable and interesting exposures are at llorton Bluff and at Hills-

borough, and other places In soxithern New Brunswick. In the last-

mentioned locality, it affords the remarkable bituminous mineral

known as Albevtite.

The last two groups are probably equivalent to the " Sub-carbon-

iferous" of Western geologists; but indejicndently of the objection to

the use of a term which would seem to Imply a formation under, and

distinct from, the Carboniferous, and of undetermined age, I find in

Nova Scotia no reason, either pahuontologlcal or stratlgraphlcal, for

any greater distinction than that Implied In the term Lower Carbon-

iferous, by which these groups vyIU collectively be designated In this

volume. Tlie Lower Coal measures are, it Is true, more distinct in

their flora from the Middle Coal measures than the latter from the

Upper Coal formation ; but still many species are common to the

two former, and the difference is small as compared with that between

the Lower Carboniferous and the Upper Devonian. Tlie Devonian

* Dawson, " On the Lower Coal Measures,"' etc., Quart. Journ. Geol. See, vol. xt.

p. 62.

t Prof. Jones of Sandhurst has kindly determined these species.
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rocks arc also in this region unconformable to the Carboniferous,

having been disturbed and altered prior to the deposition of the latter

;

while no want of conformity, except of the local character hereafter

to be noticed, occurs in the Carboniferous. Ceinitz has shown

(" Isis," 18G6) that my lower, middle, and upper coal formations

are equivalent to three of the zones into which he divides the coal

formations of Saxony.

Conditions of Depositiun of the Beds,

It is evident that very various geographical conditions are implied

in the deposit of this vast thickness of sediment. The Acadia of the

Carboniferous period must not oidy have differed mucli from that which

now is, but it must have presented very different appearances in the

different portions of the Carboniferous time itself.

The conditions of deposit thus implied in the mineral character and

fossils of the several formations above described, would appear to he

of three leading kinds:—(1.) The deposition of coarse sediment in

shallow water, with local changes leading to the alternation of clay,

sand, and gravel. This predominates at the beginning of the period,

recurs after the deposition of the marine limestones in the formation

of the " Millstone-grit," and again ])revails in the upper coal forma-

tion. ['2.) The growth of corals and shell-fish in deep clear water,

along with the precipitation of crystalline limestone and gypsum.

These conditions occurred during the formation of the Lower Carbon-

iferous limestone and its associated gypsum. (3.) The deposition of

fine sediment, and the accumulation of vegetable matter in beds of coal

and carbonaceous and bituminous shale, and of mixed vegetable and

animal matters in the beds of bituminous limestone and calcarco-

bituminous shale. These conditions were those of the middle coal

formation.

Within the limits of Nova Scotia, these conditions of deposition

applied, not to a wide and uninterrupted space, but to an area limited

and traversed by bands of Silurian and Devonian rocks, already

partially metamorphosed and elevated above the sea, and along the

margins of which igneous action still continued, as evidenced by the

beds of trap intercalated in the Lower Carboniferous ;* while about

the close of the Devonian period still more important injections and

intrusions of igneous matter had occurred, as shown by the granitic

dykes and masses which traverse the Devonian beds, but have not

penetrated the Carboniferous.-}- There is evidence, however, in the

* Dawson, Quart. Journ. Geol. Soc, vol. i. p. 329.

f Dawson, Canadian Naturalist, 1860, p. 142.
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Carboniferous rocks of the Magdalen Ishmds and of Newfoundland,

and in the fringes of such rocks on parts of the coast of Nova Scotia*

and New England, that the area in question was only a part of a far

more extensive region of Carboniferous deposition, the greater part

of which is still under the waters of the Atlantic and of the Gulf of

St Lawrence.

There is ami)le proof that most of the coarser matter of the Car-

boniferous rocks was derived from the neighbouring metaiiu)rj)hic

ridges ; but much of tlie finer material was probably drifted from more

distant sources. There seems no good reason to doubt that in the

Carboniferous period, and especially in those portions of it in which

the areas now under consideration were in the condition of shallow

seas or swampy flats, the greater part of the Laurentian and Sil-

urian districts of North America existed as land; while the great

number of coal formation plants common to Europe and America may
indicate the existence of intermediate lands now submerged. From
such lands, undergoing waste during the long Carboniferous period,

the materials of the shales and finer sandstones may have been derived.

Taking this view of the .source of the sediment, Avc should infer

that the time of the formation of the marine limestones was that of

greatest depression of the land, when the local ridges of older rock

were mere reefs and islets, and when sediment from more distant

lands was deposited only at intervals. We should also infer that the

time of the formation of the coal-beds was that of greatest elevation,

when the former sea-bottoms had become land-surfaces or flats,

exposed only to occasional inundation, and when rivers were bearing

downward from large continental regions great quantities of fine silt.

Farther, the conditions of the millstone-grit and of the newer coal

formation must have been of an intermediate character, requiring wide

sea areas receiving great quantities of sediment ; and on this account,

as well as because of their shallowness, unfavourable to marine life,

while the areas of vegetable growth Avere also of limited extent.

It would also follow that when the lower coal measures and

conglomerates were formed, the land was slowly subsiding ; that in

the time of the mai'ine lin -tones it attained to its greatest depression,

and long remained nearly .stationary ; that in the Millstone-grit period

there was re-elevation, and that in the period of the middle coal

formation and Newer Coal formation there was again subsidence, slow

and interrupted at first, but subsequently of greater amount. From
the absence of Permian deposits, it may be inferred that elevation

again took place at the close of the Carboniferous period, to such an

* Jukes's " Newfoundland :
" infra, chap. xiii.
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extent as to prccliule furtlier deposition in the area in question ; while

the red sandstone and trap of Mcsozoic age indicate tlic recurrence at

that time of conditions somewhat similar to those of the beginning of

the f'arbonifcrons period.

The general phenomena of deposition above indicated, apply to all

the Carboniferous areas of Nova Scotia and New IJrnnswick, and, so

far as known, to those of the Magdalen Islands and of Newfoundland.

But, as I shall point out in the sequel, numerous local diversities

occur, in consequence of the interference of tlie older elevated ridges

with the regularity of deposition. In some places the entire Lower

Carboniferous series seems to be represiiiited by conglomerates and

coarse sandstones. In others, the Lower Coal measures, or the marine

limestones, or both, are extensively developed. These local differ-

ences are, on a small scale, of the same character with those which

occur on a largo scale in the northern and southern Appalacliian

districts and western di.stricts of the United States, and in the

different coal areas of Great Britain and Ireland, as compared with

each other and with the Carboniferous districts of America. On the

whole, however, it is apparent that certain grand features of similarity

can be traced in the distribution of the Carboniferous rocks throughout

the northern hemisphere.

It is further to be observed, that in Nova Scotia and New Brunswick,

as well as in l']astern Canada, disturbances occurred at the close of

the Devonian period which have caused the Carboniferous rocks to lie

unconformably on those of the former ; and that in like manner the

Carboniferous period was followed by similar disturbances, which

have thrown the Carboniferous beds into synclinal and anticlinal bends,

often very abrupt, before the deposition of the Triassic Red Sand-

stones. These disturbances were of a different character from the

oscillations of level which occurred within the Carboniferous period.

They were accompanied by volcanic action, and were most intense

along certain lines, and especially near the junction of the Carbon-

iferous with the older formations.

I have noticed an apparent case of nnconformability between

members of the Carboniferous system near Antigonish.* In the

county of Pietou, the arrangement of the beds suggests a possible

unconformability of the Upper Coal formation and the Coal measiires.-j-

In New Brunswick, Prof. Bailey}: has observed indications of local

unconformability of the Coal formation with the Lower Carboniferous.

* Quart. Journ. Geol. Soc, vol. i. p. 32.

t IbiiL, vol. X. p. 42.

X
" Report on Geology of Soutlicrn New Brunswick," p. 118.
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Hut tlic strict confonniil)ility of all tlic incinbcrs of the Ciirboiiifcroua

Bcrics in the great majority of cases, shows that these instances of

unconfonnahility are exceptional. In the section at the Joggins

more especially, the whole series presents a regular dip, diminishing

gradually from the margin to the middle lino of the trough, where the

beds become horizontal.

The most gradual and uniform oscillations of level must, however,

be accompanied with irregularities of deposition and local denudation;

and })henomcna of this kind arc abundantly manifest in the Carbon-

iferous strata of Nova Scotia. I have described a bed in the I'ictou

Coal-fiehl which seems to be an ancient shingle-beach, extending

across a bay or iiulentation in the coast-line of the Carboniferoua

period.* At the .foggins, many instances occur of the sudden running

out and cutting off of beds,-[- and Mr lirown has figured a number of

instances of this kind in the Coal formation of Sydney. | Tliey are

of such a character as to indicate the cutting action of tidal or fluviatilo

currents on the muddy or sandy bottom of shallow water. In some

instances the layers of sand and drift-plants filling such cuts suggest

the idea of tidal channels in an estuary filled with matter carried down

by river-inundations. Even the beds of coal are by no means uniform

wlien traced for considerable distances. The beds which have been

mined at Pictou and the Joggins show material dilferences in quality

and associations ; and small l)cds nn\y be observed to change in a

remarkable manner, in their thickness and in the materials associated

with them, in tracing them a f3w hundreds of feet from the top of the

cliff to low-water mark on the beach. I have no doul)t that, could

we trace them over sufTiciently large areas, they would all be found

to give place to sandstones, or to run out into bituminous shales and

limestones, according to the undulations of the surfaces on which

they were deposited, just as the peaty matter in modern swamps thins

out toward banks of sand, or passes into the muck or mud of inun-

dated flats or ponda.

Geological Cycles.

The foregoing con.siderations bring, in a very distinct manner, before

us two different, and at first sight irreconcileable, general views which

we may take of any given geological period. First, we must regard

every such period as presenting during its whole continuance the

diversified conditions of land and water with their appropriate inhabi-

tants ; and secondly, wo must consider each such period as forming a

* Quart. Journ. Geol. Soc, vol. x. p. 45.

t Ibid.y vol. X. p. 12. \ Ibitl, vol. vi. p. 12,'j ct seq.
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local oxi.stciico t»f (liHslinilivr coiulitions, wc not only find, ns alrcinly

Stilted, that tlic ficqucnce in Nova Scotia coincides penemlly with tliut

in otiicr piirts of Aniciica and in Ijimpc, hnt that, viewed in tliis

aspect, tiic ('iirl)oniferonrt period constitutes one of four greiit physical

cycles, which make tip tlie I'ahcozoic age in Eastern America, and

each of which was characterized by a great subsidence and partial

re-elevation, succeeded by a second and very gradual subsidence.

Viewed in this way, the I^ower ("arl)oniferous conglomerate and

Lower (Joal measures correspond analogically with the Oriskany sand-

Btone, the Oneida and Mtvlina sandstones, and tiie Potsdam and

CalcifcrouH sandstones. The ("arbonifcrous limestone corresponds with

the Cornifcrous limestone, tlie Niagara limestone, and tiic Trenton

group of limestones. The coal measures correspond with the Hamil-

ton group, the Salina group, and the Utica shale. The Upper Coal

fornnition corresponds with llie Chenumg, the Lower Hcldcrbcrg, and

the Iludsoii-Rivcr grouiis. Tiie I'ermian is not represented in Eastern

America; but, as developed in Europe, it clearly constitutes a similar

cycle. Tiiese parallelisms, which deserve more attention from geolo-

gists than tliey liave yet received, may be tabulated thus :—

*

Tabular View ofCi/cles in the Palceozoic Age in Eastern America.

(The several formations nre arranged in descending order.)

Clinracter of Grouii.

Sliallovr, Bubaidliig marino
^

Brea, (illlii)» up with si'ill-
^

ment j
Elevation, followcil by slow )

subsidence, liuul-fiurfaces, -

etc )

Marinf cciuditlons; forma-

j

tion of limcstoni'B, etc '(

Subsidence ; dlsturbiinces
;

)

deposition of coarse sedi- y

mcnt )

Lower
Silurian.

Upper
Silurian.

Devonian.
f!arbo-

niferous.

llud.son-Uiver. Lower Ilelder- Chemung gr.

group. lierg group.
I

I'pper coal

foriuation.

Utica slialo. Salina ^oup.

Trenton, niack Niagara and
U. and ('hazy (Minton
iiuie.stonos. limestones.

I'otsdnm and Oneida and
C'alciferous i Medina
Handstones,

i
Bandstoncs,

Hamilton gr. Coal meaBurcs

(^omiferoHB Lower Carbo-
I liniestunc. niferous
! limestone.
Oriskany Lower ('<ial

sandstone,
i
measures and

I

conglomerate.

In the Permian of Europe, the Stinkstein, the Rauchwacke, the

Zechstcin, and the Rothliegcndes might form a fifth parallel column.

Of course such parallelism might be variously expressed, by reckoning

a smaller or larger number of groups. Independently of these differ-

ent modes of statement, however, I believe that the basis of such

comparisons exists in nature, and that it will prove possible to sub-

* Dr Sterry Hunt has directed attention to them in a paper " On Uitumens,"

SlUiman's Journal [2], xxxv. p. lOR, and in the "(joohigy of Canada," 1863, p. C27
;

and Dana refers to them in his " ^liuiual of Geology." Eaton and Hall had previously

noticed these parallelisms.

'PM
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divide geological time into detcnninatc natural cycles, the parts of

which are analogous to those of similar cycles, A further question

to be solved is, whether such cycles corresponded in all p.irts of the

world, or whether, as is more likely, the earth might be divided into

areas in which in each cycle elevation and siiljsidence were contem-

poraneous. So far as the present subject is concerned, I merely desire

to show that the Carboniferous rocks of Nova Scotia represent a

complete cycle of the earth's history, and correspond in time with the

Carboniferous of Europe, and in value with the other great divisions

of the Palaiozoic age.

Swrimary of facts relating to the mode of accumulation of Coal.

"NVith regard to this important subject, I would rather invite

attention to the details to be presented in subse(]uent pages, than

make any preliminary general statements. It is, however, necessary

to notice liere tin; several views Avhich have prevailed as to the probable

accumulation of coal by driftage or growth in situ, in water or on land,

I have already, in previous publications,* stated very fully the

conclusions at which 1 have arrived on some portions of this subject,

and I would now sum up the more important general truths as

follows :— (1.) The occurrence of St/ginaria u'lder nearly every bed of

coal, proves beyond question that the material was accumulated by

growth in situ; while the character of the sediments intervening

between the beds of coal proves Avith equal certainty the abundant

transport of mud and sand by water. In other words, cc. iditions

similar to those of tlie swampy d«dtas of great rivers are implied. (2.)

The true coal consists principally of the flattened bark of Sigillarioid

jind other trees, intermixed with leaves of ferns and Coi'daites, and

other herbaceous debris, and with fragments of decayed wood consti-

tuting "mineral charcoal," all these materials having manifestly alike

grown atid accumulated where we find them, (3.) The microscopical

structure and chemical composition of the beds of eannel-eoal and

earthy bitumen, and of tl e more highly bituminous and carbonaceous

shales, show them to have been of the nature of the fine vegetable

mud which accumulates in tiie ponds and shallow lakes of modern

swamps. Wlien such fine vegetable sediment is mixed, as is often

the case, with clay, it becomes similar to the bituminous limestone

and ealcareo-bituminous shales of the coal measures. (4.) A few of

the underclays which suppcjvt beds of coal are of the nature of the

vegetable mud above referred to ; but the greater part arc argillo-

* "Oil the Structures of Coal;" Quart. .Idurn. tjeol. Soc, v.jI. xv., al.so vol. xxii.,

p. 90. otc. " Air-breathers of tho Coal I'eriod," Montreal, iSO.'i, p. 1.8.
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arenaceous in composition, with little vegetable matter, and blcaclied

by the drainage from them of water containing the products of

vegetable decay. They arc, in short, loamy or clay soils, and must

have been sufficiently above wate to admit of drainage. The absence

of sulphurets, and the occurrence of carbonate of iron in connexion

with them, prove that, when they existed as soils, rain-water, and not

sea-water, percolated them. (5.) The coal and the fossil forests

present many evidences of subaerial conditions. Most of the erect and

prostrate trees had b' ome hollow shells of bark before they were

finally imbedded, and : .eir Avood had broken into cubical pieces of

mineral charcoal. Land-snails and galley-worms [Xijlohius) crept into

them, and they became dens or traps for reptiles. Large ((uantities

of .'ninoral charcoal occur on the surfaces f)f all the larger beds of coal.

None of these appearances could have been produced by suba([neous

action. (6.) Though the roots of Siff/'llaria bear some resemblance

to the rhizomes of certain aquatic plants, yet structurally they are

absolutely identical with the roots of Cycads, which the stems also

resemble. Further, the SigiUarim grew on the same soils which

supported ('onifers, Lrpidodcndra, Cardaitcs, and ferns—plants which

could not have grown in water. Again, with the exception, perhaps,

of sonic Pinnularke and Asiei-op/ii/llitcs, there is a remarkable absence

from the coal measures of any form of properly aquatic vegetation.

(7.) The occurrence of marine or brackisli-water animals in the roofs

of coal-beds, or even in the coal itself, aftbrds nu evidence of sub-

aqueous accumulation, since the same thing occurs in the ca.sc of

modern submarine forests. For these and other reasons, some of

which are more fully stated in the papers already referred to, wliihi I

nu lit that the areas of coal accumulation were frequently subnuTged,

I must maintain that the true coal is a subaerial accumulation by

vegetable growth on soils wet and swampy, it is true, but not

submerged. I would add the further consideration, already urged

elsewhere, that, in the case of the fossil forests associated with the coal,

the conditions of submergence and silting-up which have preserved the

trees as fossils, must have been precisely those which were fatal to their

existence as living plants—a fact sufficiently evident to us in the ca.so

of modern submarine forests, but often overlooked by the framers of

theories of the accumulation of coal.

It seems strange that the occa.sional inequalities of the floors of the

coal-beds, the sand or gravel ridges which traverse them, the channels

cut through the coal, the occurrence of patches of sand, and the

insertion of wedges of such material splitting the beds, b.ave been

regarded by some able geologists as evidences of the aquatic origin

: )l

'":
^ \



140 THE CARBONIFEROUS SYSTEM.

of coal. Ill truth, these appearances are of constant occurrence in

modern swamps and marslies, more especially near their margins, or

where they arc exposed to the effects of ocean-storms or river-inun-

dations. The lamination of the coal has also been adduced as a proof

of aqueous deposition
; but the microscope shows, as I have elsewhere

pointed out, that this is entirely different from ordinaiy aqueous lami-

nation, and depends on the superposition of successive generations of

more or loss decayed trunks of trees and beds of leaves. Tlie lami-

nation in the truly aqueous cannels and carbonaceous shales is of a

very different character.

It is scarcely necessary to remark, that in tlie above summary I

have had reference principally to the apjiearancos presented by tiie

coal formation of Nova Scotia; though I believe that in a general way
the conclusions stated will hold good in other countries, as has indeed

been shown by the admirable researches on this subject of Brongniart,

Goeppert, Newberry, Rinncy, Rogers, Lesquereux, and others, whose

publications on this subject I have read witii interest, and liave tested

in their application to the phenomena presented to jro '" the coal-

tlelds of Nova Scotia. I may add, that, in my opinion, ho. ]ii jnomcna

of ihe Stigmaria nnde'-<']ays, to which attention was first directed by

Sir W. E. Logan, fi rnish the key to the whole question of the origin

of coal, and that the comparisons of coal-deposits, by Sir Charles

Lyell, with the " cypress-swamps " of tlie Mississippi, perfectly

explain all the more important appearances in the coal formation

of Nova Scotia.

In the above pages I have endeavoured to state some general

results of the study of the Carbonil'erous rocks which may be useful as

introductory to their more detailed investigation. I now proceed to

consider tlio local distribution of these rocks in Acadia, and their

subdivision into areas more or less distinct.

Tlie reader must understand that tlie actual superposition and

firrangement of all this great thickness of beds, are ascertained by the

examination of coast and river sections, in which portions of the series

are seen tilted up, so that tliey can, by proceeding in the direction

toward or from which they incline, be seen to rest on each other.

There is one coast section in Nova Scotia so perfect tliat nearly the

whole series is exposed in it. On the other hand, there are large

areas in which the lowc" portion alone exists, and perhaps never was

covered by the upi)er portions ; and there are other areas in which the

upper members have covered up the lower, so that they appear only

in a few comparatively limited spots.

The area occupied by Carboniferous rocks in Nova ^<4'n and New
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BiTunswick is very extensive ; and it is divided by ridges of the

oUkr metamorphic rocks into portions which may for conv(!nience

be considered separately. These are

—

1. The New J3runswlck Carboniferous district, the largest in point

of area in the Acadian provinces.

2. The Cumbcrhind Carboniferous district, bounded on the south by

the Cobequid Hills, and continuous on the north-west with the great

Carboniferous area of New Brunswick.

3. The Carboniferous district of Minas Basin and Cobequid Bay,

and its outliers, including the long band of Carboniferous rocks extend-

ing along the south side of the Cobequids, and that ixaching along the

valley of the iMusquudoboit River.

4. The Carboniferous district of Pictou, bounded on the south and

east by metamorphic hills, and connected on the west with the Cum-
berland district and that last mentioned.

5. The Carboniferous district of Antigonish county, bounded by two

spurs of the niet^unurphic hills.

6. The narrow band of Carboniferous rocks extending from the

Strait of Canseau westward through the county of Guysboro'.

7. The Carboniferous district of Richmond county and southern

Inverness.

8. The Cai-boniferous district of Inverness and Victoria counties.

9. The Carboniferous district of Cape Breton county.

Xew Views promulgated hj Profa^sor Lesley. Comparison tcith the

Carboniferous of Europe.

It may be proper here to refer to points raised by J. P. Lesley, Esq.

o*" Philadelphia, in a Report on the Glace Bay Coal-field,* which

appear at variance with the view above given of the constitution of

the Carboniferous system in Nova Scotia. As Mr Lesley deservedly

ranks high as an authority in the Coal formation, and as his views

on this subject, though originating, in my opinion, in misconception

and imperfect opportunities for observation, were widely circulated

in the United States, and were introduced into an official Report in

Nova Scotia, it would be wrong to pass them by without notice.

Professor Lesley says :
—" Sir William Logan, Sir Charles Lycll,

Professor Dawson, and other gecdogists, who have described the Coal

measures of Nova Scotia and New Brunswick, agree in assigning to

tlicm an almost incredible thickness." He then proceeds to compare,

I'U lithological gror-ids, the shales of Division 5 of Logan's section

at the Joggins, wit'i the Lower Carboniferous or Vespertine (No. XI.)

* Proceedings of American Philosophical Society, Philadelphia, 1862.

\\
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(o.) Any one who Ini.s carefully compared the coal measures of tho

.Joggins with those of WaHaec and Pictou, must he convuiccd of tho

liopclessness of compAnng indivuhial bods, even at tliis comparatively

small distance. A foruori detailed comparisons with Pennsylvania

and more distant localities must fail.

(4.) I do nut think that any previous observer has supposed that

the coal measures of Eastern Cape IJreton represent the whole of the

coal formation of Nova Scotia. The ''Upper (!oal measures" of my
pa[)ers on Nova Scotia arc certainly wanting, and probably the

Sydney Coal-field exhibits no beds higher than No. 4 of Logan's

Joggins section.

(;").) The whole of the coal-beds iu the .Toggins section belong to

the Upper and Middle coal measures. It is quite incorrect to iden-

tify No. 6 of Logan's section with the Lower Coal measures. These

do not occur at the Joggins, but are found in Nova Scotia, as iu

Virginia and Southern Pennsylvania, at the base of the system, under

the marine limestones. The Albert beds are the et^uivalents of these

lower measures, and not of the Pictou coal. Li my paper on the

LoAvcr Carboniferous coal measures (.Journal of Geological Society of

Londfjn, LSa8), will be found a summary of the structure of the

Lower Coal measures, as shown at Ilorton BlutT, and elsewhere. The
term " true coal measures," quoted by Mr. Lesley, docs not mean in

my description the Middle fJoal measui'es, but merely that part of

them holding the workable coal-seams.

(G.) Whatever may be tho value of M. Lesquereux's applications

of the fossil flora to the ideutificiitlon of c©al-seams in the West, I am
prepared to state, as the result of ah extensive series of observations,

still for the most part un])nblished, that in Nova Scotia the flora is

identical throughout the wh(jle enoi-mous thickness of the Middle coal

measures, and that the differences observable between different seams

are attributable rather to difference of station and conditions of

preservation than to lapse -f ••! It is indeed true, as I have

elsewhere explained, that tin lilagos of species in the Lower,

Middle, and I'pper Coal measures may be distinguished; but within

these groups the differences arc purely local, and afford no means for

the idontilication of beds in distant places.

(7. I do not dcsini to offer any ipinion on the questions raised by
aonic American geologists as to the extension of the term Carboniferous

to the Chemung group ; but 1 know as certain facts, that the flora of

the Lower Coal measures, under the marine limestones and g)psums
of Nova Scotia, is wludly Carboniferous, and that the Jli^ra, on which

ali'ue I consider myself competent to decide, of the Chenmng of New
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York, as now understood by Professor llall and others, and also of

the groups in rennsylvania, named by Jtogers Vergcnt and Poncnt

(? IX. and X. of Mr Lesley), is as decidedly Devonian, and quite

distinct from that of the Carboniferous period.*

Fur Mr Lesley's ability as a stratigrapliical geologist I have the

highest respect ; and with reference to the present subject, would

merely desire to point out tliat he may not have possessed a sufficient

number of facts to warrant some of his generalizations, on which in

the meantime I would, for the reasons above stated, desire geologists

to suspend their judgment.

The followhig is the rejoinder of Professor Lesley, omitting some

general discussions not important to the subject iu hand :

—

" Professor Dawson's first objection is a begging of the very ques-

tion. Whether the coal measures of Nova Scotia are ' enormously

developed?' That, in one little spot of the earth's surface like Nova

Scotia, and that, too, midway between the great coal areas of America

and those of Europe, wherein the thickness of coal measures proper

ranges from 2000 to 5000 feet, if they even attain the latter size, there

should be an anomalous deposit of 25,000 feet, is incredible. What
the great Bohemian palaiontologist, by unerring instinct, said to us

after our thirty years' war over the Taconic system, (here iniist be a

mistake somewhere, I must repeat to those who so 'enormously develop

'

the Nova Scotia coal measures. And my intention in the paper on

Nova Scotia coal was only to suggest one formula on which the error

might be discussed. I distinctly repudiated the safety of instituting

' minute comparisons.' jNIy comparison of the Cape Breton coals and

the column at Pittsburg was carefully made in the most general

manner, and the i-esemblance called a coincidence. But the value of

the comparison remains ; for it affords a new argument in favour of

i)\& family likeness of those parts of the general coal measures of dif-

ferent countries, which have a right to the specific title of ' productive

coals.' The argument also remains good, that if 2000 feet of coal

measures in Missouri can be recognised in 2000 feet of coal measures

in Kentucky, Virginia, and Eastern Pennsylvania, the very same

system of beds, bed for bed, being demonstrated first by stratigraphy,

and then by palaeontology (and such is the fact), why not in Nova
Scotia?

" I have no doubt that some of the coal measures of the British

Provinces may have been ' deposited in more or less separated areas

at the sides of the Devonian and Silurian hills,' as Professor Dawson

* Hee Paper on Devonian Flora of Eastern America, Jour. Lond. Geol. Soc.

November, 1862.
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Coal formation, admit of being readily ascertained, where good ex-

posures exist, as in Nova Scotia ; and it is to be borne in mind that

my investigations on this subject have extended over more than

twenty years, though many of tlic details ascertained have not yet

been published.*

" 3. It should be understood that the Carboniferous system in Nova

Scotia consists of the following members :

—

" (1.) Tlia Upper Coal Fonnatiun.

" (2.) The Middle Coal Formation.

" (3.) The Millstune-grit Series, represented in Nova Scotia by red

and gray sandstone, shale, and conglomerate, with a few fossil plants

and thin coal seams, not productive.

" (4.) The Carboniferous Limestone, with the associated sandstones,

marls, gypsum, etc., and holding marine fossils, recognised by all

palajontologists who liave examined them as Carboniferous.

"(5.) 'The Lower Coal Measures, holding some but not all o.' the

fossils of the Middle Coal formation, and thin coals, not productive

;

but difYerlng both in flora and fjiuna from the Upper Devonian, which,

in New Brunswick, they overlie unconformably.

"The principal, though not the only point in which Mr Lesley

differs from Logan, Lyell, l^rown, and Dawson, is his entire omission

of No. 5 of the above scries, and placing No. 3 in its room, as the

representative of the Lower Coal measures of Virginia and Penn-

sylvania. I have, I think, already made this sufficiently j'lain in the

fifth of my objections, already published
; but may add here that fossils

as well as stratigraphi ;al position establish the real equivalency of

No. 5, and not No. ^, wO the Lower Coal furmation, as described by
Lesquereux in America, and by Coeppert in Europe; and that it seems

strange that Mr Lesley, while suggesting minor and more dubious

parallelisms, declines to admit this identification, established by long

and careful investigations of several co»npetcnt observers, and con-

firmed by the evidence of fossils."

It wUl be seen from the above discussion, that the Carboniferous

series in Nova Scotia, though limited in area, is of great thickness

;

and that within the limits of Acadia the strictly marine as well as the

coal-bearing portions of this great group of rocks arc represented with

a completeness not to be found in any one coal area of the United

States, where the marine limestones are enormously developed in the

west at the expense of the coal measures, and the latter at the

expense of the marine members in the east.

In the United States, however, the Lower Coal measure flora has

* Since publisUed—Journal of Oeol. Society, May 18CG.
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been recopnisod by Ticsquorciix, -who lias niso marked out a number
of interesting imrallclisniH in the beds of the Middle Coal formation.

In Illinoirt and Iowa, the Lower Carboniferous marine limestones

present several important suli(livision,-;, r.nd still farther west there

appear to be Upper Curbuniferoua marine beds graduating upward

into Permian,

In England the Mountain Limestone, the Millstone-grit, ai . the

Coal Formation, have been the members usually recognised, but

recently attention has been attracted to tiie Lower Coal measures,

which are also developed there; and in 18G5, I saw in the Museum
of the fieological Survey a small collection of undetermined plants

from these beds, perfectly corresponding to those of the Lower Coal

formation of Nova Scotia. The term Lower Coal measures is, how-

ever, in England and Scotland, usually applied to beds corresponding

to the lower part of the Middle Coal formation of the above classifi-

cation. With regard to the llj)pcr Coal formation, its equivalent is

recognised in the English and Scottish coal-fields as the overlying

barren coal measures, either destitute of coal or with thin and un-

workable seams, and which in the Lancashire Coal-field amount to

nearly 2000 feet in thickness. In Lancashire these beds are very

similar to the corresponding series in Nova Scotia. In the Scottish

coal-fields they contain marine limestones,—a circumstance which

occurs in one instance in Nova Scotia. Much remains to be done in

Great Britain for the proper working out of the distinction in the

flora of the members of the Carboniferous system, the study of fossil

plants of the coal having been much neglected by geologists.

In Germany, where the subject of the coal flora has received

greater attention, the subdivisions have been more fully worked out

;

and I have much pleasure in quoting the following remarks by

Professor Goinitz of Dresden, from a review of my paper on the " Con-

ditions of Accumulation of Coal," in the "Isis," 1866:

—

*' In comparing the distribution of this flora with that in the various

zones of the Carboniferous of Europe, it is first of all a surprising

fact, that there also the zone of the Lower Coal formation must be de-

signated, as in Europe, the Lycopodiaceous zone, since Lcpidodcndron

corrugatum is the most remarkable and predominant plant in it. But

this species approaches so closely the Lycopodites p<jhjphyllus^ Rom.

sp. (Geinitz, Flora of the Ilainichen, Ebersdorf Basin), that both of

them might be considered as identical, whilst Lep. ietragonum St.

(Gein., etc.), and Knorria imhricata St, (Gein., etc.), which we must

still continue to regard as an independent plant, are likewise quite

characteristic of the oldest Coal formation or culm of Europe. The
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"Con-

Ci/rlnptcr/'s Acadi'ca, Daws., of tlic Ldwcr Coal measures of Norlli

America, alwo is very nearly allied to the Cyclopleris tenuifulia,

Gopp., in the Gorman culm.

" The predominance of the SigiUnria and Stigmar'm in the Middle

Coal formatinii, proves the identity of tliis zone with our European

zone of Sigilliiria ; and the analogy with the flora of the principal

bed.s of coal of England and Ireland is particulary striking, especially

through t'.ie great extension of the Alethopteris lunchilica, which is

never wanting there.

" When, fiiiiilly, Dawson sets forth in a prominent manner, that in

the uppermost division <if Sir W. Logan's section of the South

Joggins, which corresponds Avith the upper part of the Upper Coal

forinati>.)n, trunks of conifers and Calamites, Cal, ISiirliorii, dc, and O.

approximalns, by the side of Aspidiaria, etc., are the fossils most

frequently to be met with, we arc enabled to place this zone nearly

on a level with the zone oi Calamites, or the third band of vegetation

in Germany.
" Tims tlic succession in the flora of the Coal formation, as we

have ascertained it for Europe, appears to have been established for

America also by l)r Dawson's profound investigations, and tiiey will

probably soon be followed by tiie discovery of the existence of the

two upper zones,—the ' Anmdaria' and 'Fern' zones,"

It will be observed that Professor fieinitz anticipates the separation

of two additional zones in the Upper Coal formation, vjf tliese I

have as yet no distinct evidence, and the paucity of fossils in these

Upper rocks may render it difhcult to make such distinctions. Un-
doubtedly, however, Anmdaria galioides, Cordaites simplex,, and

several ferns, as Pecopteris arborescciis and Alethopteris nervosa, are

characteristic of some of the newest beds known to me in the coal-

field of Pictou.
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CHAPTER XL

THE CARBONIFEROUS SYSTEM— Continued.

CARB0NIFEK0U8 DI8TKICT OF CUMBERLAND-

BOUTH J0GGIN8.

SECTION AT THE

Though the great triangular area of Carboniferous rocks in eastern

New Brunswick is the largest in Acadia, it does not present such

admirable facilities for the study of these rocks as those afforded by

the coast sections in Western Cumberland; we shall therefore first

study these with some minuteness, as typical of the whole Acadian

Carboniferous districts, and afterwards notice the larger New Bruns-

wick area.

The rocks of the Cumberland Carboniferous area have a general

trough-shaped arrangement, which in the western part of the county

at least appears to be very regular. (See General Section.) On the

south side, all along the base of the Cobequids, we find conglomerates

and other Lower Carboniferous rocks dipping to the north, and forming

the southern edge of the trough. Resting on these arc the beds of

the Coal formation, still dipping to the northward. Toward the centre

of the county, we find the rocks of the Upper Coal formation slightly

inclined and finally dipping to the south, to form part of the northern

side of the trough. Proceeding onward, we find the repetition of the

OlderCoal formation andLower Carboniferous series with southerly dips.

The latter extends into New Brunswick, where it turns over and dips

to the northward, underlying the great Carboniferous plain of that pro-

vince. In crossing the county of Cumberland, this regular arrange-

ment of the beds is evidenced by the long parallel ridges that cross

the country from east to west, and which are produced by the out-

cropping edges of beds of firm sandstone, which have resisted wasting

agencies better than the softer beds that occur between them. There

is, however, reason to believe, as we shall find in the sequel, that in

the central and eastern part of the Cumberland trough there are

subordinate undulations which prevent the coal-beds from running

continuously across the country, ana that in some places the Coal forma-
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tion seems to abut against the older rocks of the Cobequid Mountains,

without the intervention of the Lower Carboniferous. On the western

coast of the county, the cliffs fronting Chiegnecto Bay and Cumber-

land Basin, and which have been cut and arc kept clean and fresh by

the same agencies which wo have already noticed in treating of the

Trap and New Red Sandstone coasts, furnish the best and most com-

plete section of the Carboniferous rocks in Nova Scotia, and one of the

finest in the world ; and on this account I shall commence with its

description, as affording the best guide to the understanding of the

more obscure and complicated parts of the formation.

This remarkable section, now well known to geologists as the South

Joggins section, extends across almost the whole north side of the

Cumberland trough, and exhibits its beds in a continuous scries, dip-

ping S. 25° W. at an angle of 19° ; so that in proceeding along the

coast from north to south, for a distance of about ten miles, we con-

stantly find newer and newer beds ; and these may be seen both in a

bold cliff and in a clean shore, which at low tide extends to a distance

of 200 yards from its base. We thus see a series of beds amounting

to more than 14,000 feet in vertical thickness, and extending from the

marine limestones of the Lower Carboniferous series to the top of the

Coal formation. In the cliff and on the beach, more than seventy seams

of coal may be seen, with their roof-shales and underclays, and erect

plants appear at as many distinct levels ; while the action of the waves

and of the tide, which rises to the height of forty feet, prevents the

collection of debris at the foot of the cliff, and continually exposes new
and fresh surfaces of rock.

In describing this section, I shall take as guides Sir W. E. Logan's

elaborate section of the whole coast, including 14,570 feet 11 inches

of vertical thickness, and a re-examination of 2800 feet of the most

interesting part of the section made by Sir Charles Lyell and the

writer in 1852 and 1853, and published in the Proceedings of the

Geological Society of London for the latter year, with additional facts

ascertained by myself in subsequent visits, and many of which have

been published in my more recent papers. I shall proceed in the

ascending order, or from the older to the newer beds, and shall inter-

pret each new appearance as it occurs. In this way I hope to give to

the attentive reader a more accurate idea of the structure and mode of

formation of a coal-field than he could obtain in any other way, except

by an examination of the actual coast section described.

The oldest beds of the Lower Carboniferous series do not appear in

the coast section, but may be studied at Napan River and other places

near Amherst. They consist of sandstones and marly clays, including
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thick beds of limestone and gypsum. ITic mode of formation of this

last rock I shall not now notice, as better opportunities will occur

hereafter. Respecting the limestones, I may remark that they are

marine deposits, formed in an open sea tenanted by various kinds of

shell-fish, etc., the remains of which still exist in the limestone. They

are principally bivalves of a family (the Brachiopoda) once very abun-

dant, but in the modem world represented by very few species ; and

the most abundant shell of this kind in these limestones is the Pro-

ducius Cora, a finely striated species, having one valve very convex

cxtcnially, and the other very concave. It is found in rocks of the

same age in Great Britain. There is also a nautilus, nearly resembling

in form the nautilus of recent tropical seas, but smaller in size ; and

there are numerous fragments of Crinoids, a tribe of creatures allied to

modern star-fishes, but furnished with a stem by which they were

attached to the bottom, while their radiating arms extended on all sides

in quest of prey. Tiiese limestones must have been formed in a sea

whose waves lashed the slopes of the Cobequid Mountains and ground

up the pebbles of old rocks which now form conglomerates on their

flanks, while beds of shells were accumulating in its more quiet depths.

Its northern boundary may have been the Silurian and metamorphic

rocks of Lower Canada and Labrador.

The limestones above described dip to the southward ; and if we
proceed across the country in the direction of their strike, we find them

again with the same fossils on the Ilebert River near Minudic ; and in

the opposite or eastern direction, at several places nearly in a line

between the Napan and Pugwash Harbour on the shore of Northumber-

land Strait, where the limestone with its characteristic marine fossils is

largely developed. Leaving in the meantime the rocks that lie to the

northward of and under this limestone, we may take that part of it

which appears near Minudic as the base of the Joggins section. Fol-

lowing its direction across from Hebert River to the Joggins coast, we
find there that it is overlaid conformably by a great series of sandstones

and shales, which we shall now proceed to describe, just as we should

see them if walking along the coast ; and if this process should seem at

all tedious to the reader, I beg him to remember that this finely

exposed series of beds furnishes the key which will enable us to under-

stand the whole stmcture of the Coal formation of Nova Scotia and

New Brunswick ; and further, that this key to facts so important both

in geology and in reference to the economical value of the coal-fields,

is now for the first time brought in a complete form before the general

reader.

Commencing at Seaman's Brook in Mill Cove, and taking Logan's
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laa's

carefully detailed section as our guide, we see in the low cliff and in the

shore-reefs beds of reddish and gray sandstone, alternating with red-

dish shales or beds of hardened and laminated clay. In a few places

we find among these beds layers of gypsum and of a coarse sandy

limestone. In several of the gray beds there are fragments of trunks

and branches of trees, converted into coal, and resembling, what they

certainly once were, drift trees embedded in sand-banks. Associ-

ated with these remains, we find in four of the beds small quantities

of the gray sulphuret and green carbonate of copper, minerals intro-

duced into these beds by waters holding sulphate of copper in solution,

which the carbonaceous matter of the fossil wood has deoxidized, and

thereby caused its deposition. Such appearances are not infrequent in

beds containing fossil plants, but they have not hitherto been found to

afford sufficient quantities of copper to be of any practical value. I

may also remark here, in connexion Avith the occurrence of fossil plants

in gray rather than in red beds, that in the coal formation, as in the

modem marshes and peat-bogs already described, the presence of

vegetable matter has often destroyed the red colour of beds tinged with

peroxide of iron, and hence the fossils are in some sense the cause of

the gray colour of the beds in which they are found. Beds of the

kinds just described occupy the shore to a distance equal to 2308

feet, as a.scertained by the careful measurements of each bed made by Sir

W. E. Logan. I may remind the reader, that as these beds dip to the

south-west, we are constantly proceeding from older to newer beds.

In the succeeding 3240 feet of beds we find a similar series, with

some additional features indicating our approach to the groat masses

of fossil vegetables entombed in the true coal measures which overlie

them. There are here nine seams of coal, all very thin, their total

thickness being only ten inches ; and under each scam we observe a

bed of clay or crumbling argillaceous sandstone, with remains of roots

belonging to plants to be noticed hereafter, and which had much to

do with the accumulation of the coal. We find also in this thick

scries of sandstones and shales several bands of hard black limestone,

yielding a bituminous and almost animal smell when rubbed or struck,

and containing abundance of little diamond-shaped plates with smooth

and polished surfaces, which, if we are acquainted Avitli the animals of

the Coal period, we recognise as the scales of a singular tribe of fish,

the Ganoids, of which numerous species abounded in the Carboniferous

period, but which are now represented in America only by the bony

pikes of the Canadian lakes, and a few other fresh-water fishes. There

is also in this part of the section a far greater prevalence of gray sand-

stones than in the part previously noticed, and in these gray sandstones

L
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are immense quantities of fossil plants, most of them trunks of trees

confusedly iiiterininglctl and flattened more or less by pressure ; others

long cylindrical reed-like stems {Calainites), or immense creeping roots

dotted all over with pits from which their rootlets sprang {Stiffmarice).

In most of these fossils the bark is converted into hard shining coal,

but the wood has decayed away, and the hollow cavity left within the

bark, has been filled with sand now hardened into stone like that

without. This is a distinct process from petrifaction properly so

called, in which the minute cells of the wood become so filled with

mineral matter that the minutest parts of the structure are preserved,

yonie of the gray sandstones of this part of the section are of great

thickness, and in them are the most important quarries of the Joggins

grindstones, which are exported to all parts of the United States.

These grindstones have been formed from beds of sand deposited in

such a maimer that the grains are of nearly uniform fineness, and they

have been cemented together with just suflicient firmness to give

cohesion to the stone, and yet to permit its particles to be gradually

rubbed off by the contact of steel. A piece of grindstone may
appear to be a very simple matter, but it is very rarely that rocks are

so constituted as perfectly to fulfil these conditions, and hence the

great demand for the Joggins stone.

This part of the section suggests many interesting inquiries respect-

ing the mode of formation of some of its beds, but I postpone these

till we arrive at those portions which show coal measures, properly so

called, on a somewhat larger scale.

Proceeding along the coast, we find that the strata last described

are overlaid by a series amounting to 2082 feet in vertical thickness,

and differing from the last group of beds in containing fewer gray

sandstones, no coal-seams or bituminous limestones, and comparatively

few fossil plants, and these but imperfectly preserved. This series,

then, consists in great part of reddish shales and reddish and gray

sandstones. These, and indeed the greater part of the rocks com-

posing the part of the section we have examined, must originally have

consisted of beds of reddish sand and mud, spread over the bed of that

ancient Carboniferous sea once tenanted by the shells of the Napan

limestone, much in the same manner that layers of mud are now
deposited in the Bay of Fundy.

We have now, after passing over beds amounting altogether to the

enormous thickness of 7636 feet, reached the commencement of the

true coal measures, or that part of the section which was examined in

detail by Sir Charles Lyell and the writer in 1852 and 1853. Owing

to the comparative softness of the rocks of the last group described,
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tlicy have in many places been worn down nearly to the level of tho

beach, so that tlii-y cannot be very distinctly observed. Fortunately,

however, just where the section becomes most interesting, the beds

rise into a high cliflF; and every one can be measured, and its mineral

character and fossil contents observed, by any person who is content

to labour diligently, and who is not too apprehensive that ho may be

buried under the falling cliffs, which, esfieciidly in the spring and in

stormy weather, often send down very threatening showers of stones,

and somethncs terrible landslips. This portion of the section, then, £

shall give in detail, as one of the best specimens in the world of that

wonderful series of fossilifcrous beds constituting the great coal

measures of the Carboniferous period ; but before doing so we may
coini)letc this general view of the coast section.

Proceeding along the coast from the .foggins JMiiies, we find, toward

Ragged Reef, coal measures still exposed, but with fewer and thinner

beds of coal. At Ragged Reef there are again very important and

valuable beds of grindstone. Reyond this all tho way to Shoulio

River, the coast shows sandstones and shales belonging to the Upper

Cofd Formation. In this wo no longer find beds nf coal ; red sandstones

and shales become more abundant, and the gray sandstones become

coarse and pebbly, holding rounded fragments of quartz and syenite

similar to that of tho (Jobequid Mountains. Fossi's are not abundant

;

but Calamites, Sli(/maria, Lcpidtidrndra, and large petrified trunks

of tho pine trees of the coal formation, still appear. The general

aspect of these bods is, to a great extent, similar to that of tho Mill-

stone grit series, and this upper mass of barren coal measures may
perhaps be defined to be the weight laid upon the coals to press them

into the required consistency. The whole coal formation and its

accompaniments may thus bo compared to a huge botanical diying

press. The millstone-grit is the lower board ; the true coal measures

represent the plants laid out between leaves of clay and sand instead

of paper, and the Upper Coal Formation is the upper board and weight.

Toward Shoulio River the dip of tho beds diminishes to 5", and

beyond this little stream, which seems to be in the middle of the

synclinal, the dips change to N. E. (North 10° E. was observed on the

bank of the river), and the beds arc repeated with these north-easterly

dips, until at Apple River they finally rest against those old rocks of

Cape Chiegnecto, which form the limit of the Cumberland trough in

this direction. I have not visited Apple River ; but from Mr Donald

Fraser, an explorer who visited this place under my direction, I learn

that at Mill Brook, south-east of Apple River, there is a bed of coal

one inch in thickness, and dipping to the north at a small angle. It

>
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ia associated with coarse sand'tones antl conglonicratp, an<l prohahly

belongs to the Lower (.'ual Mea.suros or .MilLstoiie-grit scrioH, the iiiarino

limestones being apparently ah.scint. At least this is the interpretation

I should be inclined to put upon the appearances, in connexion with

the fact that along the north side of the Cubcquids the marine Lower

Carboniferous is either absent or overlapped by the iiighcr men\bers

of the series in all the localities which 1 have explored.

In the first edition of this work, I gave in detail the thickness of

2819 feet explored by Sir Charles Lyell and myself in 1852, omitting

the rest. I tliink it better in the present edition to give a condensed

view of the whole, dwelling more particularly on the constitution and

accompaniments of the beds of coal, and adopting tlie numbers and

divisions both of the general section of Sir W. E. Logan and of that

contained in my paper on the South Joggins already referred to, and

in a more recent paper on the " Conditions of Accumulation of Coal."

In excuse for occupying so much space with such details, I may plead

that this list presents jjcrhaps the most minute anatomy of a coal-

field ever given to tlie public ; and tliat the reader who takes the

trouble to examine it with care, will tliercby obtain a very accurate

conception of the arrangement and accompaniments of beds of coal,

and also of their probaltle mode of accumulation. The fossil plants

and animals referred to are described in the chapters devoted to

fossils.

It will be observed that in this sectional view the order is descending^

or the reverse of that followed in the above general sketch.

Sectional Vieio of the Carboniferous Rocks exposed in the Coast (f

the South Joggins, Cumberland {order descending).

The " Divisions " and the numbers attached to the several beds of

coal or " Coal groups " are those of Sir W. E, Logan's section of 1845.

The numbers of " Subdivisions " in Roman numerals are those of the

author's section of 1852.

Divisioyi 1.

This extends along the coast from Shoulie River to the vicinity of

Ragged Reef, being nearly horizontal at the former place and gradually

assuming a decided south-west dip towards the latter. It is 1017

feet in vertical thickness, and constitutes the upper part of the " Upper

Coal Formation." It occupies the centre of the great synclinal of the

western part of the Cumberland coal area, and represents the newest

beds of the Carboniferous system.

The rocks are thick-bedded white and gray sandstones, passing in
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l)Clls of

1845.

of the

ity of

dually

1G17

lUppcv

lof tlie

Lewest

[ing in

801110 places into cdnj^loini'nitfs with (]iiiiitz pi''>hh'H, mid iiitoi\strntific(l

witli ivddi.sh niwl cliucolatc slialcs. The si\iid>tuiii>H prodoiniimto.

I'os.sil.s are not muncrous in these bcd.s. Those found arc Dadory-

lon matcrktrium, of which there are many drifted trunks in the sand-

stones, in a hhiekeiicd and oalelfiod condition, (\ilainites Sttckovii, U.

Cistii, CalaitiddeiHlntn appriixiinatiini^ Lvp'ultidcndron tindulatmn,

Lepidophloioa parfits, and Stiijiiiariajicuidcs. Asia the Upper Coal

Formation of I'ictou, trunks of Conifers and Calamites are the most

abundant fossils.

J)ii'ixinn "2,

This occurs at Ragged Reef and its vicinity. Its thickness is 650

feet. It constitutes the lower part of the Upper Coal Formation.

The rocks are white and gray sandstones with occasional reddish

beds, and red and gray shales. The sandstones and slialcs arc nearly

in equal proportions. Underclays, or soils supporting erect plants,

probably Siffillaria', occur at two levels.

Fossils are not numerous. Those collected wore Sigillarla scutellata

and Stiffinaria ficoldes, Calavxitcs ^uckovii, Sphenopleris fiymenophyl-

loides, Ali'tliopteris loncliitlca, Cyclopteris hi'terophyllai?), Beinertia

Gccpperti, and portions of the strobiles of two species of Lepidophloios,

namely, Lcpidophyllum lanceulatum aiul L. trinerve.

Division 3.

This extends in descending order from tiie vicinity of Ragged Reef

to M'Cairn's Brook. Its tliickness is 2181: feet. It includes the

upper part of the " Middle Coal Formation," and is perhaps equivalent,

in part at least, to the Upper Coal Measures of Great Britain, and to

tlie Upper Coal Formation of American author.s.

It includes 1009 feet of sandstone, almo.st all of which is gray, and

912 feet of gray and reddish shale and clay. It contains 22 beds of

coal, all of small thickness, and most of them of coarse quality.

Below, I give each bed of coal in detail, with its roof and floor and

its fossils ; and the intervening mechanical beds in brackets. The

thickness of the roofs and floors is included in that stated for the

intervening beds.

(Carbonaceous sliale, gray understone, with Stlgmaria
and gray sliale)

( Gray argillaceous shale.

Coal-group 1 -^ C'oa^ 1 inch

( Gray argillaceous underclay, istlf/marla.

The roof holds abundance of Alcthopteris lonchilica. The
coal is coarse and earthy, with much epidennal and bast

ft. in.

7

1
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tissiu!,* viiHcular biimlUiH of Icriis, and iiiiprcHsiuiiH of Sh/illarid

ftiul Cordditrti. It is ii cijiiijiresHcd vc'j;('tiil)li; Hoil or dirt- bed,

resting on an argillaceous HubHoil with rootlets of Htigmaria.

((iriiy niid ruddiHli wuKiHtoncH and Rray and red slmlcH
...T.i. ! L I..I > •:

ft In.

Ciml-group I..

with inniHtiiiiii iiimIuIi;h)

Ivi'ddinli iir^illacuciiix hIiiiIu.

<'ii(tl, I incli . . .

"I

('iirlnmiu:i'iiiis slmlo, '1 inclu-'H V ,

I'oiil, I imdi . . ._ )
Ifi'dili.sli iindurclay, St!f/mar!a.

Tho coal is coar«e, earthy, and slialy. It contaiua Curdailes,

fern stipes, and ba.st tissue.

(Ki'ddish hIwiU'. and griiy sandstono, tho latter Hccn
in the clill" to thin oiit and give place to reddish

sliale)

•2H 1 C,

I) ti

Kjmaria.

( fii'iiy HiindHtiine.

Coal-group 3 < ('mil, 1 iiieh

((iray and reddisli Handy undLrstonc, St

Tho coal is coarse and slinly. No fossils were observed,

except stumps and rootlets of Htiijmaria in the underclay.

Coal-group 4

,

t'l

2

(Ueddlsh gray nhiile and gray sandstone)

( lieildish gray shale.

.-( Viiitl, 2 inches .

I^Oray and reddish argillaceous underclay, St'ujumria.

The coal is coarse uiid earthy. No fossils were observed,

except Stigmaria rootlets in the underclay. This and the last

coal arc to be regarded merely as fossil vegetable soils or dirt-

beds.

((iray sandstone and gray and reddish slialo. One
inulerelay, and erect Vulamitca in the lowest beil) 230 (i

("(iray argillaceous shale.

Coal-group 5 <(.'((«/, 2 inches 2

(_Gray argillo-arcnaceous underclay, Stigmaria.

The coal is filled with leaves of Cordailes borassifolin, divid-

ing it into thin pajMjry layers. The underclay has many large

branching roots of Stigmaria.

(dray sliale and sandstone) ....
( (iray arenaceous shale.

Coal-group -< f'aul, ;j inches
(^Gray argillo-arenaceous underclay, Stiymariu.

This coal is composed of flattened bark of Sigillaria, of which

there are many layers in the thickness of the bed. The .species

are not distinguishable.

* For explanation as to the nature of these and other .structures in the coal, see

chapter ou " Plants of the Coal Formation."

19

3
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Coal group 7

.

(Gray ftniulntono and simlo. Oiio undcrclay with ''• '"•

tSt.i/iiiiirid) . , , , . . . , \'i *')

(iniy iir;;;illnceoiiH slwilo.

('o)tl, I iiii'li.

(irny iii)^illai;i)OUH uiuluicliiy, Stiifinarid, 1 ft. in.

Colli, '2 iii('lu.'H.

(iniy ar^ill loijouH undorclny, Htlgmanu, 4 inchcH.
'".«("/, 1 iiiL'li 2 2

(Jiiiy aigillaciious undcrclny, Stigmnriu.

This is an alternation of thin cnarHO coals or fossil vegetable

soils with tStigiiutrid Kubsoils. The, roof-shnlo cniitains erect
(
'(ilaiiiitcs, which socni to have been the last vegetation which

grow on the snrface of the upper coal.

((iray and rcddinli sandstones and shales)

( K'ud and ffvixy hIi'iIo.

Coal-group 8 -i
< 'nul, I iwh

(^(iray liard undorcla}', Stigmaria.

This coal contains Ihittenetl trunks •*" ,siijUlnria scut'^lala^

or iin allied species, and of other S,Jiji . in:, also abnnuanco of

vascular bundles of ferns and portions of epic! -laal tissues of

ditfercnt plants.

(( iray sandstone and rud aiid gricy shaloR. Stigmarm
in tlie uppur l)ed, and prostrp*" Si'i/illariii and
('urilaitCH in some of the sandstones ai.d shales) .

Gray argillaceous shale, ironstone nodules.

73

Coal-

f Gray argillaceous t

-group 9 < Colli, .'( inches

( Argillo-arenaceous underclny. Sllgii'aria.

The roof of this coal holds prostrate Sigillav'uv of three species

and Curdaites bonmsifolia. The coal is hard and siiining, with

impressions of flattened Sir/illarioi, also of Cordailes, Aslcruphijl-

liti's, Carpolites, and vascular bundles of ferns.

(Underclay and reddish gray shale)

Reddish gray shale.

Codl and coaly shale, 8 inches.

Gray argillaceous underclay, nodules of ironstone,

and i:)tigmaria, 2 feet.

Coal, stony and compact, 2 inches ....
Gray argillaceous underclay, Stiginaria.

The roof-shale has obscure impressions of plants, apparently

petioles of ferns. The upper coal is thinly laminated and full

of leaves of Cordaites and ferns, among which is Alethipteris

lonchitica. The lower coal is compact, resembling cannel, and

has many vascular bundles of ferns. It seems to be composed

of herbaceous matter macerated in water and mixed with mud.

490

foil-group 10.,

6

2 10

Cual-group U.

(Gray sandstone ^nd shale with nodules of ironstone) 23

Gray argillaceous shale.

ml, shaly, 3 inches . . . . . .03
renaceous underclay, Utigmarla,

i Gray
-i Coal,

( Arena
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Coal-group 12.

acif/muru

( Carbonaccfi

.-< Coal, 2 incl

( Argillaceoi

ft. in

7 9

2

12

7

An erect ribbed Sigillaria appears in the roof-t>hale. The

coal contains many flattened Siffillarice, also Trigonocarpa,

Cordaites, and vascular bundles of ferns.

(Arciiaccoua undevstone with ironstone nodules and
>'itif/maria, and carbonaceous shale)

Carbonaceous shale.

inches

laceous underclay, ironstone, and Stigmarla.

This coal is hard and laminated, witli many vascular bundles

of ferns upon its surfaces.

(Gray sandstone and gray argillaceous shale) .

( Gray argillaceous shale.

Coal-gro'ip 13 < Coal, 7 inches

( Gray argillaceous underclay, ironstone, and Stigmaria.

The roof contains erect stumps, not distinctly marked.

The coal has indications of bark of Sigillaria, and is hard and

shining, with a coarse earthy layer in the middle.

(Gray shale)

Gray shale, as above.

Coal, 4 inches.

p, , „ ,
. J Gray argillo-arenaceous underclay, ironstone, and

Loal-group 14 <
giiijmuria, 1 foot 6 inches.

Coal, 2 inches

Gray argillaoeous underclay, ironstone, tmiStifpnaria.

The upper coal has impressions of bark of trees and Cor-

daites, especially in its upper part.

(Gray and reddish shale and gray sandstone, with
Stigmarian soils at two levels) ....

' Gray shale.

Carbonaceous shale, 2 inches.

Coal-group 15 < Argillaceous underclay, ironstone, and S^/j/mari'a, 1 ft.

Coal, 1 inch
Argillaceous underclay, ironstone, and Stigmaria.

The upper shaly bed is a coal interlaminated with shale,

which enables the nature of the coaly matter to be ascertained.

It contains flattened Sig'dlarm of several species. Catamites,

Cordaites, Cyperites, leaves of Sigillaria, and Lcpidophylla.

The clay parting is the roof of the lower coal, and contains

Cyperites and Cordaites. It has been converted into an

underclay by the growth of Sigillaria upon it in the formation

of the upper bed of coaly shale. The lower coal is compact,

but showed an impi-ession of a Calamitc.

(Gray sandstone and gray and reddish shale, iron-

stone nodules) 16
Gray argillaceous shale.

Coal and carbonaceous shale, 2 inches ...
Keddish argillaceous underclay, ironstone, and Stig-

maria.

7

2

52

1 3

Coal-gronp 16..
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The roof supports an erect tree, a Sigillaria, 8 feet high and

1 foot in diameter. It is also rich in Cyperites* Cordaites, and

Calamites. The coal contains Calamites and also discigerous

tissue of Conifers or Sigillaria.
ft. in.

((Jray sandstones and reddish and gray shales, with
several Stigmarian undcrclays, and coaly films or

thin vegetable soils. One of" the underclays sup-

ports large stumps of Sui'dlarid, with Cijperitea,

CorthtUes, and Lepidodeiulron in the bed around
their bases) 38 6

Ked and gray argillaceous shale.

C'ual, 1 inch.

Gray argillo-arenaceous underclay, Stigmaria, 4 ft.

Coal-group 17 -j C'o«/, 4 inches.

Carbonaceous shale, 4 inches.

Coal, 1 inch 4 10

Gray arenaceous underclay, Stigmaria.

The upper layer of coal consists in part of leaves of Cor-

da'ttes. The middle layer has much Cordaites and Cyperites.

(Underclay and gray shale)

( Gray shale, as above.

Coal-group 18 < ConZ, 3 inclies

(^ Gray arenaceous underclay, iStigmaria.

(Gray sandstone, and red and gray shale. Stigmarian
soils at two levels) ......

J
Reddish shale.

^ J.
_ Coal, 1 inch

{ Red argillaceous underclay, Stigmaria.

The roof contains an erect Sigillaria. The coal and that

of the previous bed were not well seen.

(Gray sandstone and red and gray shales, with many
drift-trunks and erect Sigillurice at four levels)

("GKiy shale.

Coal-gvoup 20 -c Coal, 1 inch

(^ Red and gray underclay, Stigmaria.

This coal contains much Cordaites.

(Gray and red shales and gray sandstone. One Stig-

marian soil, and resting on it carbonaceous shale

2 3

3

26

222

1

Coal-group 2 Oaf..

with Cyperites)

iile

16 3
' Gray shale

Coal, 2 inches.

Underclay, Stigmaria, 2 inches.

Coal, 1 inch.

Underclay, 1 iiicii, Stigmaria.

Coal, 3 inches 9
Argillaceous underclay, ironstone, and Stigmaria.

These coals contain mineral charcoal, showing scalariform

and epidermal tissues. The coals are impure, and were probably

concealed at the time of Sir W. E. Logan's visit.

* By this term I continue, for convenience, to designate the leaves of Sir/illarta:.

t I designate in this way coal-groups not noticed in Logan's section.

-a-'W
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(Sandstone and red and gray shale, with one Stigtna-

rian soil)

( Red shale.

Coal- group 21 < Coai and carbonaceous shale, 2 inches .

(_Gray argillaceous underclay, Stiymuria.

In the bed above the roof-shale are erect Calamites. The

coal is ail uneven or irregular bed, and consists of flattened

Slgillarice, Cyperites, Cordaites, and ferns.

(Gray and reddish sandstones and shales, with drift-

trunks of Dudoxylon materiariuin, Siyillarici, and
Calamites) .,,....

C Gray and red shale, nodules of ironstone.

Coal-group 22 -< CW/ and carbonaceous shale, 2 inches .

(_ Gray argillo-arcnaceous underclay, Ulujinaria.

This coal consists of flattened bark of Sigillaria with Coi'-

daites and vascular bundles of ferns. It contains also remains

of fishes. Among these was found a tooth of Ctenopti/chius.

The imderclay includes stumps of Stigmaria, as well as rootlets.

(Gray sandstone and shale, with one Stigmarian soil

supporting erect stumps of Sigillaria) .

ft.

93

in.

3

2

33-1

68

Total thickness of Division 3, according to Logan's measurements 2159 8

Division 4.

This division of the section extends from M'Cairn's Cove to the end

of the high cliff beyond "Coal-mine Point." It corresponds to the

lower part of the Middle Coal Formation, and probably to the Lower

Coal Formation of some American authors. Its thickness, according

to the measurements of Sir William E. Logan, is 2539 feet. It is

remarkable for the prevalence of gray sandstones and gray and dark-

coloured shales. It constitutes the part of the section re-examined

by Sir C. Lyell and myself in 1852 ; and in the memoir which I

subsequently published, it is divided into 27 groups or Subdivisions.

For facility of reference, these groups ai*e indicated by the Roman
numerals in the following pages, beginning with the highest group,

XXVII.

XXVII.

f Bituminous limestone and calcareo-bituminous shale, ft. in.

I 4 feet.
• 1 Coal, 1 foot

_
. . .50

[ Gray argillo-arenaceous underclay, Stigmaria.

The roof has Naiadites carbonarius and N. elongatus, Spiro7'bis

carbonarius, scales of Rhizodus, and ob.scure vegetable frag-

ments. The coal contains flattened Sigillarice, Cordaitcs,

Alethopteris lonchitica, Ci/perites, Calamites Nova-scotica^ and

many vascular bundles of ferns.

Coal- group 1
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(fJiay sandstone and shale, with six underclays and ft. in.

erect Slgillaria at two levels; also a thin shale

with Naiaditex, Cythere, Calamites, and Cordaites.

One of the sandstones lias scales and teeth of a
large fish (? lUuzodua) and plants covered with
Spirorhis) 50

' Gray argillaceous shale.

Coal, 1 inch.

Clay, 3 inches.

Coal, 1 inch.

Coal-group 2 -j Clay, 1 inch.

Coal, 1 inch.

Shale, 4 inches.

Coal, 3 inches . . . . . . .12
Gray argillo-arcnaceous underclay, Utigmaria.

The roof has numerous vegetable fragments and flattened

SigillaricB and Calamites. One of the coals contains mineral

cliarcoal, showing bast tissue, scalariform tissue, and fragments

of epidermis. The lower coal has bark of Sigillaria, Stigmaria,

and Cyperites, also numerous Trigonocarpa and vascular bundles

of ferns. The clay partings and the underclay have obscure

rootlets, probably of iStigmaria.

(Arenaceous underclay and shale with remains of

Utigmaria 4

( Gray argillaceous shale.

Coal-gi'oup 3 < CW/, 3 inches 3

(_Hard argillo-arenaceous underclay, Stigmaria.

The roof has stumps of Sig'dlarice erect, and -with roots of

lidgmaria descending among them from the bed above. The
coal, which is coarse and earthy, has vascular bundles of ferns,

scalariform vessels, bast tissue, and scales and spines of fishes

[PalcEoniscus, etc.), with coprolitic matter. The underclay

shows abundant Stigmarian rootlets.

(Underclay and gray arenaceous shale) . . .60
' Gray argillaceous shale.

Coal, 9 inches.

Carbonaceous shale, 6 inches.

Coal, 1 inch.

Carbonaceous shale, 4 inches.

Ciial-group 4 •, Coal, 1 inch.

Carbonaceous shale, 8 inches.

Coal, 2 inches.

Gray shale, 1 foot 7 inches.

Coal, 8 inches . 4 10

Argillo-arenaceous underclay, Stigmaria.

The roof contains obscure flattened plants. The coal is hard

or shaly, with vascular bundles of ferns and bast tissue. The
carbonaceous shales yield Cordaites borassifolia, Alethoptcria

loncJiitica, Calamites, Sigillaria, and Cyperites. The gray shale
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parting has erect stumps, apparently of Sigillaria. The upper

shales and coals are very pyritous, and decompose Avhen exposed

to the weather—an indication that sea-water had access to these

beds while the vegetable matter was still recent.

XXVI.

Coal-group 5

,

ft. in.

[(Gray argillaceous sandstone and red and gray sliale,

with two Stigmarian soils. Footprints, probably
of Dendrcrpeton, and rain-marks occur in these

beds; and it was in one of them that Mr Marsh
discovered the vertebraj of iiosau?'!<s -4caJta)i««) 82

XXV.

' Hituminous limestone, 2 feet.

Coal, 4 inch.

Argillo-arenaceous clay, Stir/maria, G inches.

Coaly shale, ^ inch.

Gray argillo-arenaceous shale, ironstone nodules,

Stigmaria, 1 foot 6 inches.

Coalji shale, 1 inch.

Gray shale, ironstone nodules, Stigmaria, 2 ft. 6 in.

Coal, G inches 7 2

Argillo-arenaceous underclay, Stigiimria.

The bituminous limestone of the roof contains Naiadites

carhonarius and N. elongatus, fish-scales, and cyprids. The

upper layer of coal contains impressions of Sujillaria and Lepi-

dodendron, on some of which are shells of Spirorhis. It has

epidermal tissues, vascular bundles of fern.s, and reticulated

vessels. The coaly shales are of the nature of coarse coals, but

with numei'ous thin layers of shaly matter. The lower coal

contains petioles of ferns and Cordaites matted together, and

numerous Cardiocarpa. The two thick clay partings and the

underclay are Stigraarian soils.

xxiv.

(Gray sandstone and chocolate and gray shales, with
two Stigmarian soils) 147

Coal group 6..

XXIII.

Carbonaceous shale, passing downward into bitu-

minous limestone, 1 foot 10 inches.

Coal, 4 inches 2 2

Argillo-arenaceous underclay, Stigmaria.

The roof contains Naiadites carhonarius, Cijtfiere, Spirorhis,

fish-scales, and coprolites. The coal is hard and laminated,

and has on its surfaces leaves of Cordaites and vascular bundles

of fems. It is remarkable for containing scattered remains of

a number of species of fishes belonging to the genera Ctenop-



ft. in.

30

6 6
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tychius, Diplodus, Palaoniscus, and Rhizodiis. TIio undcrclay

has rootlets of Stigmaria, and the bed beh)w this has large

roots of the same.

(Gray sandstone and shale, the latter with nodules of
ironstone. Erect trees at one level)

' Gray shale.

Coal, 10 inches.

Carbonaceous shale and coal, 7 inches.

Coal-group 7 J. Coal, 2 feet 1 incii.

Carbonaceous shule, 1 foot G inches.*
(Jiial, 1 foot (j inches
Gray argillo-arenaceous undercLay, Stigmavia.

This is the bed worked at the Joggins as the " Main Seam ;"

and I believe that it improves somewhat in mining it inward

from the shore. The roof has afforded Sigillaria catenuides

and other species, Alethopteris loncJiitica, Cordaites borassifuUa,

Lepidodendron elegans, Trigoiiocarpa, Naiaditcs, Spirurbis,

Cythere, fragments of insects. (?) The mineral charcoal con-

tains bast ti.ssue, scalariform, epidermal, and cellular tissues.

In the compact part of the coal there is dense cellular and

epidermal tissue. The roof is especially rich in Cordaites,

sometimes with Sph'orbis adherent.

(Gray sandstone and shale, with many ironstone

nodules in the sliale, and erect Skjillaria and un-
derclays at five levels. ()ne of the latter has large

stumps of Stigmaria and a thin coaly layer

resting on it) C8
Gray shale with nodules of ironstone.

Coal, 2 inches.

Gray shale, 4 inches.

Coal, 3 inches.

Carbonaceous shale, 1 font 3 Inches.

Coal, 1 inch.

Argillaceous shale, ironstone nodules, 4 feet.

Coal, 1 foot 7 1

Dark argillo-arenaceous underclay, ironstone no-

dules, and iitigmuria.

The roofs of the first and second beds in this group are

among the richest in fossils in the Joggins section. They

have afforded Pecopteris lonchitica, Cijclopteris, Cyperhes,

Cordaites borassifolia^Cardiocarpumfluitans, Sigillaria elegans,

Lepidophloios Acadianus, Lepidodendron undulatiim, Pinnu-

laria, Trigonocarpa, etc. ; also Diplostylus Dawsoni,\ Euryp-

terus, Cythere, Naiadites, and Spirorbis attached to plants. The

* Thins in mining to the N. E. The details of this scam have been corrected in

this edition from a late report by Mr Uutlierford.

t Salter, Quart. Journ. Geol. Soe., vol. xix. p. 77.

Coal-group 8.

hMti
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lower coal, called locally the " Queen's Vein," has in its min-

eral charcoal bast-cells, uniporous, rariporoiis, and multiporous

wood-cells, scalcarifonn vessels, epidermal tissue, and vascnlar

bundles of ferns, also stipes of ferns and bark of Sigillaria.

The mineral charcoal occiu-s principally in a thick layer near

the bottom of tlie bed. Its roof has trunks of Lepidophlolos,

Lepidodendron, and Sigillaria, fossilized by carbonate of iron.

The upper part of the lowest underclay is dark and carbon-

aceous, with Stismarian rootlets.

XXII.

iili:

(Gray sandstones, gray and chocolate slinles \vitli

ironstone nodules; three nndcrclays and erect

Calamites tind Sigillaria in thrca haih) . . .110

XXI.

( Gray slmle and ironstone nodules.

Coal-group 9 -< Coal and coaly shale, 1 foot 3 inches

( Argillaceous underclay, Stigmaria.

The roof contains erect Sigillaria}, Stigmaria, Calamiles,

and Cordaites. The coaly shale lias fern-stipes and Cordaites.

The coal itself is coarse and shaly, and has a layer of mineral

charcoal containing ba.st and epidermal tissue. There are also

in the coal remains of Calamites and Cordaites, and fragments,

possibly, of insects.

(Gray and reddisli shales with nodules of clay-iron-

stone, and gray and reddish sandstone. (Jne un-
derclay supporting a coaly film, and erect trees

at two levels)

Chocolate shale.

'

Coal and coaly shale, 2 inches.

Coaly shale, G inches.

Coal, 4 inches

Argillo-arenaceous underclay, Stigmaria.

The upper coal contains flattened Sigillarice and Stigmaria.

The lower bed is hard and unequal, with curved laminaj and

obscure traces of petioles of ferns. The mineral charcoal has

bast and scalarifonn tissues.

Coal-group 10..

XX.

(Red and gray shales and gray sandstones.

Calamites in one bed. Four undorclays)

XIX.

Erect

( Chocolate shale.

Coal-group 11 -< Con/ and coaly shale, 8 inches . . . .

j^ Argillaceous underclay, Stigmaria.

The roof has Cordaites, Calamites, and rootlets. The coal

contains much mineral charcoal with the structure of dense

1 3

28 G

1

78

8
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aporoiis bast tissue ; it also contains Cyperitos and many

vascular bundles of ferns, with flattened trunks of Sigillaria.

(Gray sandstones and argillaceous sliale.

at two levels) .... Erect trees

ft. ill.

Coal-group V.

TGray shale
•< Coal and ct

(^ Argillaceoi

coaly sliale, 1 foot ....
iceous underclay, ironstone, and Stlgmaria.

37

1

Tlio roof contains erect Sigillaria and Calamitcs, also Cor-

claites with Spirorbis attached, and Lcpidodendron. The coal

has in one layer much Cordailes, in others it includes an

immense number of specimens of Sporangites papillata ; it has

al.su bast tissue, epidermal tissue, and discigerous tissue.

(Shale and sandstone, penetrated by Stigmarian root-

lets, and containing in one of the shales Lc^mIo-
(hndroii, S!(jHlaria, and Carpolithes)

Coal-group 13.

TGray shale.

.-< Vocil and coal

(_ Argillaceous
\\y slialo

underclay, Stlgmaria.

Tlie roof has much Cordaitcs. The shaly portions of the

coal contain Sigillaria elegans, Alcthopteris lonchitica, Cor-

daitcs borassifolia, Lcpidodendron, Diplotegium, Trigonocarpum,

Stigmaria, and Sporangites glabra., also vascular bundles of

ferns and bast ti.ssue.

XVIII.

(Gray and red shales and gray sandstone ; one of the

latter with erect Calamites and Suj'dlarkc. One
underclay)

Coal-group 13a.

( Gray shal

.A Coal, 8 ir

(_ Argillace

The

XVII.

shale,

inches .....
rgillaceous underclay, iStigmaria.

The I'oof has Cordaites and many decayed stipes.

coal has Cordaites and vegetable fragments.

xvr.

(A very thick sandstone with shales. Erect Cala-

mites, footprints of reptiles, and ra'n-marks)

XV.

Gray shales with ironstone.

Coalf 3 inches.

Coaly shale, '2 inches.

Coal, 3 inches.

Underclay, Sti(jmarta, (5 feet.

Coaly shale, 4 inches.

Underclay, Stifjmaria, 1 foot.

Coaly shale, 8 inches.

Coal, 2 inches

Argillo-arenaceous underclay, Stignuiriu, and iron-

stone.

Coal-group 14.,

13 U

G

G9 4

b

57

8 10
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On the roof of the upper coal was a fine ribbed Sitjillaria with

Stiginarian roots. In the roof and shaly partings are Sigillaria

Droionii, S.Schlatheimiana, and other species, tStiffmaria, Lepido-

dendron, Calamitcs, Cordaitcs, Sporangiles glabra^ Alcthnpteris

lonchilica, Sphcnoptcris latifolia, Finmtlaria, and Cyperites

;

also Cythere, Xaiadilcs, and fragments of reptilian (?) bones.

The coal is pyritous, and exhibits impressions of the bark of

Sigillaria ; it contains also bast tissue, scalariform tissue of Sigil-

laria and tuultiporous tissue of Sigillaria and Cedamodendron.

(Sandstone anil shale, erect Calamites and ,Si(/illaria

witli Utiymaria, Tlie erect trees contain reptilian

remains of the gei. ra Dendrerpcton, Ili/lonomus,

anil Jlylerveton; also Pupa vctusta, Xi/hibtus Si'g-

illuriw, and remains of insects) ....
C Coaly shale.

Coal-group 15 < Coal, Q inches

( Arenaceous underclay, Stigmnria.

The erect trees above mentioned are rooted in the roof of

this coal. It contains Cyperites^ Lepidophylla, Trigonocarpa of

two species, Sphenophyllinn., Alethopteris lonchilica, Cordaites,

and Asterophyllites. There are shells of Spirorhis on some of

the plants. Tho coal contains layers of bark of Sigillaria and

leaves of Cordaites, and much bast tissue, with scalariform,

uniporous, and reticidated tissues, probably of Sigillaria.

(Sandstones and shales; erect Calamitcs and Stig-

maria) ........
( Gray shale.

Coal-group 15a. ...-< Cow/, 4 inches

(_ Argillaceous underclay, Utigmaria.

The roof contains Calamites, Sigillaria, Alethopteris lonchitica,

Pinnularia, Lepidodendron, Cyperites, Sporangites, and Spiror-

bis. One Sigillaria extends 30 feet without branching. The

roof supports an erect tree. The coal is filled with flattened

stems of Sigillaria lying in different directions, also flattened

Lepidodendra ; and in its mineral charcoal it has beautiful

porous and scalariform tissues.

ft. In.

10

21

4

XIV.

(Gray sandstone and gi'ay and red shales. Many
prostrate trunks of Sigillaria and Lepidodendron,
one underclay, and erect trees at one level)

' Shale with tho aspect of underclay.

Coal and coaly shale 6 inches ....
Argillo-arenaceous underclay, ironstone, and Stig-

maria.

This bed was not well exposed, and afforded no fossils.

Coal-group 16.

68

6
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Coal-group 17. .J. t'nal I

(Artjil

8

ft. 111.

(Gray sjuulstonc and slmlo with nno undcrcLiy) . 25 6
' ray shale.

' and coaly shalo .3 inches , . , .03
illo-arenaceoiis underclay, tSligmuriu.

The roof lins vcgctiiblc fnigincnts and Cordaites. The coal

is luii'd and coar.sc, ami cuntainH Hattcucd broad-ribbed Siffil-

lai'ia, Cordaites, and va.aeubvr bundles of ferns.

(Shale and sandstone, erect trees at one level) . .313
XIII.

rCiray shale.

Coal-group 18 -< Coal 8 inches

{_ Argillo-arenuceous undcrclay.

The roof has an erect Sigillaria. Tiie coal is shaly and lami-

nated. It contains much Cordaites, also Lepidodendron, Ca-

lamites, and Alcthoptcris lonchitica. In one layer there are

Naiadiles, Spirorbis, and scales of fi.shc3.

(Gray sandstone and shale in several heds, Stiij-

rnun'a) .,..,,..
Argillaceous shale.

Coaly shale, 4 feet.

IJituminous limestone, 2 feet G inches.

Cual, 1 inch

The roof has Naiadiles, scales and teeth of fishes, Cythere,

and Spirorbis. The coal is hard and coarse, with vascular

bundles of ferns and prostrate Sigillarice.

(Shale and sandstone)
I Coulij shale, 1 foot.

Coal-group 20 -< IJituininous limestone, 1 foot 6 inches.

(_ Coal and clay partings, 2 feet 4 inches .

The roof has Naiadiles, Spirorbis attached to plants, and

small rhombic fish-scales. The coal alternates witli limestone

at the top, and contains remains of Sigillaria, Sporangites,

and vascular bundles of ferns.

Coal-group 19.,

29

6 7

20 6

4 10

Coal-group 21

layei

( Gray i

{ Coal,

(Argill

(Sandstone, and gray and black shale with coaly

layers)

shale and calcareo-bituminous shale.

10 inches

rgillaceous uuderclay, iStigmaria.

The roof has obscure vegetable fragments and Naiadiles.

The coal contains vascular bundles of ferns, bast tissue,

uniporous cells, and scalariform and reticulated vessels.

(Gray sandstone and shale. Two undcrelays)

( Gray shale.

Coal-group 22 -< Coai and coaly shale, 2 inches . . . .

{ Argillaceous iinderclay, Stlgmaria.

This bed was not well exposed.

21

10

20

2

f 1
1

1.
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(Snndstono and slinlc, with ono erect tree and two
uiidurcliiyn)

' Coaly and gray slialo.

Coal and coaly Blmlc, 4 inches.

Coal-group 23 < Hitiiminous linjcstonc, 4 inehert.

Cual and coaly shale, 7 incheH . . , .

Argillo-arenaceous underclay, Slignwriu.

The roof has an erect tree, also Cordaitcs and Splrorbis.

The shale and bituminous limestone contain S'njUlaria and

Lrpidop/iloios, also many large furrowed trunks, probably old

Slgillarice or Lepidodendra.

xif.

(Sandstone, shale, and calcarco-bituminous shale,

with three underclays)

( Calcareo bituminous shale.

Coal-group 24 •< Om/ and coaly shale, 1 inch

|_ Argillo-arenaccous underclay, Sliijmaria.

Tliis bed was not exposed.

(Underclay and shale)

("Gray shale.

Coal-group 25 -< ConZ and coaly shalo, 8 inchcH . . . .

( Argillo-arenaceous underclay, Stit/maria.

The roof has Alcthnpteris lonc/iitica, Cordaites, and petioles

of ferns. The coal showa bast tissue and remains of Sigillaria

and Calamites.

(Gray sandstone and shale, with erect >Sli/illaruv at

four or iivo evels, and two Stigmarian under-
clays)

Coal-group 26

.

( Gray shale.

.-< Coaly shale, 4 ir

( Argillo-arenacee

inches

renaceous underclay, Stigmaria,

This bed was not exposed.

(Shale and sandstone, with Stigmaria)
( Gray shale.

Coal-group 27 -< Coal, 3 inches

( Argillo-arenaccous underclay, Stigmaria,

This bed was not well exposed.

(Gray sandstone and shale, with bituminous shale

and limestone, and erect Calamites) .

XI.

' Calcarco-bituminous shale.

Coal and coaly shale, 7 feet.

Underclay, Stigmaria, 4 feet.

Coaly shale, 1 foot.

Coal, 6 inches
Arenaceous underclay, Stigmaria.

Tliis group is a series of thin coaly layers and underclays.

The roof has Naiadites carbonarius and N. elongatus, also

Cythere and scales of fishes. The coal contains bast tissue

Coal-group 28.

ft.

12

in.

1 .'}

2G
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5

8

and different kiiuls of Hcaliiriforni and epidermal tissues. In

the h)W('r bed is a eoaly stuini) and an irregular layer of

mineral charcoal, ariaing apparently from tlio decay of similar

wtunips.

Coal-group 29..

((•r.iy and carbonaceous shale and gray sanilrttone)
' limlnrclay, SliijiiKtrla.

('(ml, and conlv nlialo, o feet.

Uudcrchiy, (1 iVet.

('<ml, coaly slialu, and ironstone, 6 feet.

CoaL 4 ll'i;t

Argillaceous undcrclay, Sti'r/maria.

This is a group of unusually thick beds, indicating long

quiescence. The roof includes lamiiue of eoal, some of them

composed of the bark of Sigillaria calenniclcs, also an erect

Siijillaria rooted in the coal below. The coal and coaly shalo

exhibit remains of Sigillaria, Cordaitrs, Lepidophyllum, and

Cjipcrites ; and one layer has many hard pyritized fragments of

wood. The mineral charcoal has vascular bundles of ferns,

coarse scalariform tissue, and porous tissue. The undcrclay

rests on a bed with Naiadites.

(Undcrclay, Stlymarla, and gray and carbonaceous
shales)

( Shalo and coaly layers.

Coul-group 29a ....-c Coal, A feet

( Argillaceous undcrclay, Stufmarki.

The roof has obscure fragments of plants and stumps in the

state of mineral charcoal. The coal .shows impressions of flat-

tened trunks, probably Sigillarice. This coal contains a great

variety of tissues, especially bast and scalariform of different

kinds, and epidermal. My measurements in this part of the

.section differ somewhat from those of Sir W. E. Logan, who,

I .suppose, had not a good opportunity of examining the two

last coals. The coal 29a is now mined by an adit from the

shore, called the " New Mine."

(Sandstone and shalo. One sandstone has many
large erect ^ui'dlar'uc, some of them with rough
and furrowed bark)

' Argillaceous shale and ironstone.

Coal, 4 inches.

Undcrclay, dark-coloured, 2 feet.

Coal and coaly shale, 2 inches.

Coal, 3 inches.

Coaly shale, 2 inches.

Coal, 1 inch 3
Soft argillaceous undcrclay, Stigmaria.

The roof has bark of Sigillaria preserved in ironstone. The
coal is pyritous, and consists of layers of mineral charcoal

ft. In.

20

21

18

4

Coal-group 30..

'' }M
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altcrimtiiij; with l>nglit coal ; it Iihh ii]),si'iin! impressions of

plants and bast tLssiic in the mincnil chiiicoiil.

X.

((Jray shnle nnd HniulMtono, Oiio undiTclfty, and ft- in-

nrvct f 'din III iti:n and tiit/illaria at tv(uluvii\B) . 19
' Cimy HitiulHtono.

Codl ami c'Diily r.)'al(i, 1 foot.

I'lidcrcliiy, SlIr/iiKirla, 1 foot.

Coiilv hIiuIo, inuliijH,

('(iiil, 'J iiicliL'8 2 8
Argilliiccoua undcrdiiy, Sligiiuirin.

Conl-gronp 31.

The roof contains Slg'dlariir, nii<l tlio coal has flattened

impressions of the same. Tlii.s coal is remarkable as having a

roof of sandstone. Its undcrelay is also peculiar. It is about

9 feet in thickness, and contains Hiiijinaria aiul nodules of iron-

stone throughout. It rests on a bitumiuous limosttmo contain-

ing NakuUtcs and scales of tislu's, and al.,o large roijts of i<t!g-

maria evidently in situ. This bed gives more colour to the

idea of Stigmaria having grown under water than any other

bed at the Joggius. I believe, however, that it merely implies

the dryiug-up of a pond or creek into a swamp, subsequently

inuiulated at intervals with muddy water.

(Undorclay mid bitiinriuous limestone, succeeded by
siindstono and shalu)

(Grny
J. Codl.Coal-group 32.

slialo.

Dill, and coaly n1iale, 2 ftict 4 inches

(^ Argiilo-arunaccoiis undcrelay, titiijmaria.

27

2

This is a scries of tbin coaly bands alternating with shales.

The roof contains trunks of ISigillaria, Cordnitcs, Akthnplcris,

and Cifperites. The coal has numerous flattened trunks of

iHigillaria.

Cray and reddish sandstone and shale. Five uiulcr-

clays, one with a film of coal and erect Siyillarias

at two levels)

^ Coaly shale.

Coal-group 33 < Coal, I inch

j_ Argillaceous undcrelay, tStigmaria.

The roof has flattened trunks and vegetable fragments. The
coal is a mere soil, with remains of Sigillaria and Cordaite^, and

vascular bundles of ferns.

(Red and gray sandstone and shale)

( Gray shale.

Coal-group 33a.... •< Coal and coaly and gray shale (undcrelay).

(Argillaceous undcrelay,' Utigmaria.

These layers, though not of sufficient importance to be

measured as coal-bands, are most interesting as furnishing

149

45
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examples of wimt mny be (orini'il nidlnu'iitary cimll)0(lri. Kfti-li

luyor i.s plainly ci>in[>o,s(Hl i>t'|irostr!ito trunks o( Si(/ill(irin ivHting

on Stigniarliin iindtucliiy, ami mixed with i'orftaiiii*, Akt/i'ip-

teria lonchitica, and vascidar liundlos of ferns. In ono layer is a

8tuni|) in tlie state of mineral eliareoal. In anntlicr there aro

coprolites, scales of fishes, Sp'irurbif^ and fraj^ments of (.!rusta-

ccans. In a reddish shale above these heds there is a patch of

gray sandstone interlaced with .Stigmarian roots, ns if the sand

had been prevented from drifting away by a tree or stump.

(HuildiHli and gray snntlstoiu's niiil slinlrs, witli tlirco

iir iiKini niulercliiya, liiiviiifj tlicir iniilv layers

liiililiii^; Si(/llliiri<i. Krc'Ct 'Si;)ill<iriii:n\ two IcvcIh)

f
Undurcliiy, witli ironstnno and >lli(/iuari<t.

Coal, and coaly slmlc, '2 int'lioH.

Co.il-gi'Oup 31 -{ Uiidcri'lay, witli inmstoiic. and Sliijmnrld, 4 feet.

^'«(/, aiul C(ialy Hliali;, '-' iiu'Iii's ....
Argillo-urciiacuous uiidcrclay, Sllijmuria.

\1\\

ft. III.

240

4 4

1,3 10

3

Only obscure vegetable fragments were observed.

(Grny and reddish sandstouo and slialo, with Si'kj-

iiuiriii) ........
f Undi'i-ciay with f<lii/iwn-ia.

Coal-group 3.') -I (\»di/ xhiih', :i hidmn
( Kod and greenish uiiJerclay, a few rootlets.

The coaly shale contains many leaves oi' Curdaites borassifolia.

(lied, gray, and dark shale, sandstone, and hitu-

ininoiis limestone. Tlirec underclays uiid ereet

trees at ono level)* 07 y

IX.

i

Bituminous limestone.

Coaly shale and (
'cxil, 3 inches,

liedclish sluilo and ironstone, 2 feet inches.

Coal, 3 inches 3

l^
Argillaceous underclay, Utiffmaria.

The roof has Sligmaria in situ, and has been a soil oi'

underclay. It also contains Cythere, fish-scalos, coprolites,

and Spirorbis. In the upper coaly shale are prostrate car-

bonized trunks.

(Reddish and gray shale, sandstone, and bituminous
limestone) 21 C

Bitumi'ious limestone and shale.

Coal, 4 niches.

Underclay, 1 foot 6 inches.

Coal, 6 inches.

Coal-group 37 < Underclay, 1 foot.

Bituminous limestone, 3 inches.

Shale, 3 inches.

Coal, 1 inch 3 11

Underclay with Sligmaria.

* The lower 22 feet are included in Subdivision IX. of my former Section.
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174 THE CARBONIFEROUS SYSTEM.

The roof lias Stigmaria, also fish-scales, Nai'adttes, and

Cythere. The shales are pyritized. The coal shows only

obscure fragments of plants; but Sigillarice in the state of

ironstone occur in some of the clays.

VIII.

ill.

Coal-group 38.,

(Red and gray sandstone and sliale. Two under- f-

clays. Many shells of Pupa vetusfa and Conuhis
priscus occur in one of these, about 42 feet below
the last coal) 83

VII.

Calcareo-bituminous shale.

Coal, 1 inch.

Bituminous limestone, 6 inches.

Coal, 2 inches.

Underclay passing into chocolate shale, Stigmaria.

The bituminous limestone and shale contain Cylherr^ Naia-

dites elongatus and N. carbonarius, coprolites, Spirorbis, and

Stigmaria. The lower coal has Sigillaria elegans, S. scutel-

lata(?), S. Bruwnii, Alethopteris lonchitica, Cordaites borassi-

folia, and vascular bundles of ferns.

VI.

(Red and gray shales and sandstones, and one gray
limestone witli Cythere. One underclay. Many
drift trunks, among which are Sigillaria and
Lepldophloios) 123 C

Coal -group 39.

V.

f Red and gray shale, with ironstone.

J Coal, ^ inch

j
Gray underclay, with Stigmaria, resting on bitu-

[ niinous limestoue, with Stigmaria and Cythere.

This thin coal consists of a layer of flattened trunks, pro-

bably of Sigillaria, with a quantity of mineral charcoal.

Oi

Coal-group 40.,

IV,

(Red and gray shales. One bed with erect Calamites,

another with erect Sigillaria) ....
III.

' Gray shale and ironstone.

Bituminous limestone and shale, with coaly films,

7 inches.

Underclay, 1 foot.

Coal, 1 inch.

Coaly shale, 3 inches.

Underclay, 1 foot.

Bituminous limestone, 6 inches.

Coal and coaly shale, 2 inches ....
Argillaceous underclay, ironstone, and Stigmaria.

CiJ 1
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ft. in.

5

The bituminous limestone and shale have Naiadites, Cythere,

Spirorbis, scales of fislics, and coprolites, and a large spine of

Gi/racanthus, also roots of Stigmaria, The upper underclay

holds carbonized erect trunks. The lower coal has vascular

bundles of ferns and Cordaites. The roof supports erect

stumps.

(Underclay, with ironstone nodules)
{ Underclay as above.

Coal-gronp 41 J Calcareo-bitiiminous shale and films of Coa? . .34
( Argillaceous underclay, Stigmaria.

The bituminous limestone has Naiadites carbonarius, Cythere,

coprolites, and Spirorbis. The roof has prostrate Sigillaria:

converted into coaly layers. The underclay has distinct

stumps of Stigmaria,

(Shales with Slif/maria and ironstone, sandstones,

bituminous limestone, and carbonaceous shale at

bottom) 14 4
Bituminous limestone.

Coal, 3 inches.

iShale, 1 foot.

Coal-group 42 ^ Coal, 1 foot.

Underclay, f^tigmaria, 1 foot.

Coal, 2 inches 3 5
Dark argillaceous underclay, Stigmaria.

The roof contains Naiadites, Cythere, and coprolites. The

coal is coarse, pyritous, and shaly, and has bark of Sigillaria,

Calaniites, and vascular bundles of ferns. It seems to be the

edge of a bed, as it thins rapidly in the direction of the bank,

or to the east.

n.

(Reddish shale and sandstone with one underclay) 3.5

( Reddish underclay with Stigmaria.

Coal-group 43 < Coaly shale, I inch 1

(_ Reddish underclay, Stigmaria.

This bed diminishes to a mere film tov.ards the bank.

(Reddish, gray, and dark shales and sandstone, Stig-

maria in some beds, and erect Sigilhiriie, Lepido-

demlra, (?) and Calamites at one level) . . G3
' Gray shale with ironstone.

.Bituminous liniestoneand shale with ironstone, 10ft. 1 in.

Coal, ^ inch.

llitummous limestone, Stigmaria, ^ inch.

Coal, 5 inches.

bituminous limestone, Stigmaria, 2 inches.

Coal, 1 inch.

Bituminous limestone, Stigmaria. 2 inches.

Coal, i inch 1 1 Oj
Arj^llo-arenaceous underclay, traces of rootlets.

Coal-group tl.

{'
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176 THE CARBONIFEROUS SYSTEM,

Coal-group 45.,

The bituminous limestone has scales of fishes, Spirurbis, and

Cythere. The coal has Cordaitcs and vascular bundles of ferns.

(Red and gray sandstone and shale. One underclay,

and erect Valamites at one level) , . . .

' Reddish shale.

Carbonaceous shale, 10 inches.

Coahj matter, ^ inch.

Hard underclay, Sthjmaria, 2 feet.

Voahi matter, i incli.

Underclay, Stxjmaria, 7 feet.

Coal, 3 inches

|_ Arenaceous uiulerclay, Stigmaria.

In the roof of the lower coal is an erect tree. The coal has

vascular bundles of ferns, remains of fern-leaves, and bast

tissue. The underclay has many coaly films, apparently

flattened bark of trees.

Reddish and gray sandstone and shale .

ft.

98

in.

G

10 2

5 6

Total thickness of Division 4, according to liOgan's measurements 2539 1

Division 5.

This consists of reddish shales and red and gray sandstones. It

contains no coal, and is poor in fossils, only a few drifted tnmks

appearing in the section. It corresponds to the upper part of the

Millstone-grit series. Its thickness, according to the measurements

of Sir W. E. Logan, is 2082 feet.

Division G.

This may be regarded as the middle of the Millstone-grit series.

It constitutes a sort of false coal formation, separated from the Middle

Coal Formation by the barren beds of Division 5. It contains nine

small or rudimentary coal-beds, which, however, are not well seen in

the section, and have afforded few facts of interest. It has many

thick and coarse sandstones and nmeli red .shale, with comparatively

few dark-coloured beds. Its total thickness is stated by Sir W. E.

Logan at 3240 feet.

Though this group contains little coal, it is to be observed that it has

many underclays, indicating soils which supported forests of Sigillaria,

and that erect Sigillarice occur very near the base of the division.

The absence of important bods of coal is therefore due to the local

physical conditions, and not to the want of the necessary vegetation.

(Sa.ulstoncs and shales with many drifted trunks of *'• '"•

Dado.ri/lon) 539 7
' Blackish gray shale.

Calcareous shale, 1 foot.

Coal-group 1 J. Black shale, 3 feet.

Coalji shale, 2 inc)\c8 4 2

Argillo-arcnaccous underclay, Stu/maria.
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(Red and gray sandstone and shale and concretionary ft. in.

limestone, trunks of JJadoxylon and other trees.

One iindcrclay) ICO 1

( Gray shale.

Coal-group 2 < Coalif shale, 1 inch 1

( Reddish and gray underclay, St'tgmaria.

(Series of underclays with Stigmaria, The heds are

reddish or gray, and arenaceous) . . . . 19 1

' Reddish shale.

Coaly shale, 1 inch.

Greenish sliale, G inches.

Coalij shale, 1 inch.

Coal-group 3 -{ Greenish shale, 2 feet C inches.

C'oali/ shale, 3 inches.

Greenish shale, 1 inch.

Coal and coaly shale, 3 inches . . . .39
Argillo-arenaceous underclay, Stigmaria.

The coal contains bast tissue and reticulated, porous, and

scalarifoim tissues of Slgillaria and Calamodendrun.

(Series of underclays as before) . . . . 12

( Underclay, Stignuiria.

Coal-group 4 -< (?o«Z and coaly shale, 3 inches . . . .03
{Argillo-arenaceous underclay, Stigmaria.

(Series of underclays as before) , . . . 24
( Gray shale.

Coal-group 5 < Coaly matter, ^ inch ^

(^ Greenish underclay, Stigmaria.

(Underclay and sandstone, the latter with an erect

Sigillar'ia) . 10
r Sandstone (erect Slgillaria as above).

Coal-group 6 < Coaly shale, i mchan 3

(_ Argillo-arenaceous luaderclay, Stigmaria.

(Fifteen feet of underclay, under which a thick sand-

stone with great quantities of drifted trunks of Da-
doxijloii and Slgillaria. Helow this alternations

of gray and red sandstone and shale) . . . 210 10
' Gray sandstone.

Uituininous limestone, 3 inches.

Gray shale, 3 feet.

Gray limestone, 2 inches.

Coaly shale, C inches.

Uitun-' lous limestone, 3 inches.

Coahi shale, 1 foot.

Coal, 1 inch 5 3
Argillo-arenaceous underclay, Stigmaria.

The lower bituminous limestone contains Naiadites ovalis,

Cytkere, and scales of Lepidoid fishes. The lower coal has

Coal-group 7. i

much Cyperites and

mineral charcoal.

bark of Sigillaria, also bast tissue in

(Thick bods of gray sandstone and gray shale, with
drifted trunks of Dadoxyh», Sigillaria, and Ca-
tamites and leaves of Cordaites) .... 532

( Gray shale.

Coal-group 8 -< Coa?, ^ inch ^

(^ Argillo-arenaceous underclay, Stigmaria.
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Tliis coal is laminated, the laminrc being bark of Bigillarice.

The undcrclay is very rich in Stigmaria.

(Gray sandstone with gray and red shale. Many f'- '"•

drifted trunks of Sif/illaria and Culamite/t, and an
erect Sif/illaria in the lowest bed of sandstone) 1224

f Gray shale.

('jal-frouD J
C''"?^'/ '""''6'' I'lil carbonaceous shale . . ,02

° "
j Argillo-arenaceous underclay, Stigmaria, and iron-

ic
stone.

(Gray and red sandstone and shale and calcareous

bands, some of them bituminous. Near the middle

a thick band of laminated black shale with Xdia-
ilitcs l(vvin, Gypcrites, and Le^ndoslrobua, Drifted

Calamitea in the sandstones) . . . . 490 4

Total thickness, according to Logan 3240 9

Division 7.

This division consists principally of red and chocolate shales with

red and gray sandstone, arenaceous conglomerates, and tliin beds of

concretionary limestone. It may be regarded as the base of tlic

Millstone-grit formation. Its thickness is stated by Sir W. E. Logan

at 650 feet.

No fossils, other than carbonized fragments of plants, have been

found in this division.

Division 8.

This division consists of reddish shales with greenish and red sand-

stone, gray shale, gray compact limestone, and gypsum. It may be

regarded as the upper part of the Lower Carboniferous formation

;

and almost immediately under its lowest beds tlierc arc marine lime-

stones witli Productus corn and other characteristic Lower Carbon-

iferous fossils.

Only fragments of plants, often replaced by snlphuret of copper,

have been found in this division. Its thickness is stated by Logan

at 1G58 feet.

Tlie number of coals reckoned may vary according to the manner

in which tlie several layers are grouped ; but as arranged in the

above sectional list, it amounts to eighty-one in all. Of tliese, 23 are

found in Division 3 of Logan's section, being the upper member of

the Middle Coal Fox'mation ; 49 arc found in Division 4 of Logan's

section, being the lower member of the Middle Coal Formation ; 9

occur in Division G of Logan's section, or in the equivalent of tlie

Millstone-grit.

Ik^^'
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CHAPTER XII.

THE CARBONIFEROUS SYSTEM- Continued.

CUMBEKLAND COAL-FIELD, Continued—EXPI,ANATIO\ OF JOOGINS

SECTION ANIMAL REMAINS OF THE COAL MEASURES.

Explanatory Remarks on the Joggins Section.

In the section in the preceding chapter the reader will observe f.he

words " Undcrclay, Stigmaria," frequently recurring; and over nearly

every undcrclay is a seam of coal. An underclay is technically

the bed of clay which underlies a coal-seom ; but it has now become

a general term for afossil soil, or a bed which once formed a terrestrial

surfiice, and supnortcd trees and other plants ; because we generally

find these coal underclays, like the subsoils of many modern peat bogs,

to contain roots and trunks of trees which aided in the accumulation

of the vegetable matter of the coal. The underclays in question are

accordingly penetrated by innumerable long rootlets, now in a coaly

state, but retaining enough of their form to enable us to recognise

them as belonging to a peculiar root, the Stigmaria, of very fre-

quent occurrence in the coal measures, and at one time supposed to

have been a swamp plant of anomalous form, but now known to have

belonged to an equally singular tree, the Sigillaria, found in the

same deposits (Fig. 30). The Stigmaria has derived its name from

the regularly arranged pits or spots left by its rootlets, which proceeded

from it on all sides. The Sigillaria has been named from the rows of

leaf-scars which extend up its trunk, which in some species is curiously

ribbed or fluted. One of the most remarkable peculiarities of the

stigmaria-rooted trees was the very regular arrangement of their roots,

which are four at their departure from the trunk, and divide at equal

distances successively into eight, sixteen, and thirty-two branches,

each giving off, on all sides, an immense number of rootlets, stretching

into the beds around, in a manner which shows that these must have

been soft sand and mud at the time when these roots and rootlets

spread through them.

It is evident that when we find a bed of clay now hardened into

X
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stone, and coiitiiining the roots aiul rootlets of tlicsn plants in tlicir

natural i)Osition, ^\c can infer, 1st, that such beds must once have been

Fig. 30.

—

Stem, Lcafscnm, ami Stiijmnria lioots of Sir/illnrio—Sonth Joggins,

(") ('')

w

(«) S/;/i??in'rt i?ra!';nii.— stem reduced.

(i) I'ortion, natural size, ueiir the top.

(c) Do. do., near the base.

((J) Portion olStigmaria root, natural size, with scars of rootlets.

in a very soft condition; 2dly, that the roots found in them were not

drifted, but grew in their present positions ; in short, that these

ancient roots are in similar circumstances with those of the recent

trees that underlie the Amherst marshes. In corroboration of this,

we shall find, in farther examination of this section, that while some
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of these fossil soils support coivls, others sui)port erect trunks of trees

coinicetcd with their roots and still in their natural position.

Believing the underelays to have been soils, wo find similar reasons

to couelude that the coal-seams were originally vi'getallc matter,

which accumulated iu the numuer of peat ; and on exantiuiug the coal

minutely, we often find distinct evidences that it is composc<l iu part

of woody fragments, sometimes retaining their structure iu sufficient

perfection to cnahle the kind of wood to which they belonged to bo

ascertained. These appearances are most distinctly seen in the

coarser and more impure coals, and in the bands of clay and ironstone

which occur within the coal-scams. Iu the more pure coals, the

vegetable imitter has sometimes been reduced by chemical change and

pressure iuto an almost iKunogencous mass, it will be observed that

in the section I have indicated the kinds of vegetable matter which

may be observed in the several coals ; and I shall have occasion to

return to this subject iu the scriuel.

The lowest coal-bed iu Group 44, Subdivision I, Division 4, of the

above section, has an undcrclay or soil four feet in depth, and sup-

porting a layer of vegetable mould which has been compressed into

half an inch of coal. Above the coal rests a very did'crent description

of rock, one of those hard dark-coloured limestones already referred

to. It is filled with inmunerable little shells of miuute crustaceous

animals of the genus C'l/there, the modern representatives of which

reside in countless numbers in ponds and river estuaries and in the

sea, and are most voracious devourers of dead animal substances.

Our coal-bog therefore became, from some cause, probably subsidence,

a pond or lagoon, in which Ci/thcre and other aquatic animals must

have existed for some time before their remains could accumulate in

suiriclcnt quantity to form those two inches of hard bituminous lime-

stone. The Q///(cre-inhabited waters, however, were dried up, and on

the rich marly soil grew another forest, whose rootlets may be seen

finely preserved in the limestone ; and the result was a thicker scam

of coal than the first, succeeded by other limestones and coals, and then

by a considerable thickness of shales and bituminous limestones, in

wliich we find not oidy the Cylhcre^ but the scales A small fishes,

bivalve shells (Naiadites)* allied to the commou mussel, and a small

whorled shell [Spii'orbis carbonarius) resembling those now found

adhering to the seaweeds of the shore (the common Spirorhis

spirillum) Fig. 31. The bituminous limestones containing these

remains, alternate with shales indicating that irruptions of mud
partially filled up, at different times, the waters in which calcareous

* Anthracomya and Anthracoiitcra of baiter.
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bods were li.^ing gradually accumulated l)y the growth and death of

animals, fii the highest of these beds of mud, which probably restored

I'ig. 31.

—

Fusstlifrom Ilkuminoiia Limcstunc—Jiii/ijiiia.

I'yin-is,

(a) imtiiral sizo.

SpirorblH,

(a; DiUurul size.

Naindites.'

<^

Ganoid Scnli'S.

the whole area to the state of a swamp, trees took root and were

buried by an irruption of sand, in which they, as well as an under-

growth of Cdlauiiles, still stiiiid In an erect position.

I have dwelt at some length on this subdivision, not that there is

anything very remarkable in its structure, but that its appearances

will help to explain others that succeed. It is evident that when read

in the light of modern geology, they tell a very intelligible tale, and

show us that the circumstances in which these coal-rocks were formed

were similar to those which we have found to exist on a small scale in

the modern marshes of the Bay of Fundy ; and also to those more

extensive changes which occur in the deltas of great rivers, such as

the Mississippi and the Ganges, in which low alluvial flats have often

been alternately covered with wati^r and with a dense swamp-vege-

tation. Let the reader also observe, that in this group of the .foggins

beds, we have at least five successive soil-surfaces, four of them sutli-

ciently permanent to permit the accumulation on themofpeaty vegetable

soils ; and about four feet nine inches of calcareous beds, mostly made

up of animal remains. The lapse of time required for the accumulation

of this group alone must thus have been vastly greater than that

necessary for the production of the modern marsh formation with its

one fossil soil. It will also be observed that these beds carry our

thoughts back to a period when the district was covered by a strange

and now extinct vegetation, and when its physical condition resembled

that of the Great Dismal Swamp, the Everglades of Florida, or the

Delta of the Mississippi.

One appearance only in this subdivision requires farther explanation

before we proceed to the next. One of the sandstones in the upper

part exhibits trees standing out from the cliflf, as pillars of hard sand-

* For other figures and desriptioiis of these fossils, see notice at the end of this chapter.
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.stuiic sprciidiiif^ out at tho base, and nrnoiig these arc numerous

Calaiiiltes, ulrfo roprcscutotl by Haiiclstouc casts, aiul, like the trees,

htaiiiliii;^ at right angles to the bedM, wiiieli arc now inclined at an

angle ol' I'J degrees, but wiiieli must have been horizontal when these

plants grew and were entombed. Tho manner in whieh tho plants

were preserved in their present state and position can easily be under-

stood. Imagine a forest of trees and a tall brake ol" reed-like jilants

growing together on a swampy flat. The flat is inundiUcd and over-

spread with sand to the depth of several feet. The plants are thus

killed and their dead tops project for some time above the sand. At
length they decay and are broken off, and eventually the wood decays,

leaving oidy a hollow cylinder of bark. Sand is next washed into

the perpendicular pipes produced by the decay of tho trunks and

stems, forming easts of them. The whole is now buried up by suc-

ceeding deposits and becomes hardened into stone, and so remains

until tilted up, elevated above the water level, and exposed by the

action of the tides and waves.

One stump observed in the particular bed now under consideration

is named in the section a Lepidoclendrou, with a note of interrogation

to show that its surface was not so well preserved as to make it certain

that it belonged to that genus, 'i'he LcpidDilendra were tall and

graceful trees, but allied botanically to the humble club-mosses

[Lycopodia] of our modern woods. Their trunks were marked with

diamond-shaped leaf-scars, and their branches and twigs were thickly

clothed with long lance-shaped or linear leaves, and bore cones at

their extremities. These trees did not send up straight trunks with

numerous small branches, like the pines, but branched out by the

continuous division of the trunk and limbs into pairs of branches, in

the manner in which standard pear-trees are often trained by con-

stantly cutting out the main ascending twig and allowing two lateral

branches to grow in its place. The Lepidadendra must have been

among the most beautiful trees of the coal period, and their roots

Avciiild appear to have been constructed on the same regular type with

those of the Sigillaria. Mr Brown of Sydney has described some

trees believed to be Lcpidodendra, and having such roots, in the coal-

field of Cape Breton. Mr Carruthers, of the British Museum, has

recently made a similar statement in regard to Lepidodendra in the

British coal-fields. I have not, howovei', met with any instance of

this in Nova Scotia.

Subdivision II. is a barren series of sandstones and shales, repre-

senting beds of sand and mud conveyed by water over the last terres-

triid surface of the first group. For aught that the section shows to

^
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of the

Icoliitc-

iillaria,

lowest

lirfcctly

t-wood

[hat ill

I in tho

small

l»c(l (if vi'gi'tiilili", lUiittiT r('|MOH('iitrcl liy two inches of conl. This

tcrrt'Htiinl Hiirfuci! was nvi rllowcil liy wiittT fur a very lon^^ time

inhahiti'd liy Naiadilcs and Ci/t/icrc. This, it will be observed, implies

siihsidi'iice of a terrestrial smliU'e and its Inn^ siibinerj^'enee ; and [

may remark, iiiee tor all, that the apiiearaiiees of the whole section

iin[)ly eiiiitimimis siibsideiiee, oidy (leeasioiially interrupted by elovatory

uiovementH. 'I'ho bitnminuns limestone wiiieh marks this submer-

g'Miee is again siieeeedeil by eoal, again submerged under water

inliabited l)y niolbisks, ([i/thcn-, etc. The sneetjeding group marks tho

filling of the rpiiet waters tenanted by Nainditcs with thick deposits

of clay and sand, and in one little bed, aliont three inches in thickness,

tilled with tlic shells of the little land-snails known as I'lipa vetusta

and Conulus j)rii'rus, it shows evidence of neighbouring woods or

swamps, from which some gentle stream must have drifted these little

shells over tho muddy bottom.

Subdivision IX. is a line series of undcrclays and coals, alternating

with mussel-beds, it contains seven distinct soil-surfaces, the highest*

supporting an erect tree, which appears as a ribbed sandstone cast,

live feet six inches high, nine inches in diameter at the top, and fifteen

at the base, where tho roots began to separate. This tree, being

harder than the enclosing beds, at the time of one of my visits stood

out boldly at tho base of the cliflF, nearly three-fourths of its diameter

and the bases of three of its four main roots being exposed. Five of

the uuderelays support coals, and in three instances bituminous lime-

stones have been converted mU) soils, none of which, however, support

coals. The last of these bituminous limestones is a very remarkable

bed. First, wo have an underelay ; this Avas submerged, and Spirorbis

attached its little shell to the decaying trunks, which finally fell

prostrate, and formed a carbonaceous bottom, over which multitudes

of little crustaceans {('i/there) swam and crept, and on which fourteen

iuclies of calcareous and carbonaceous matter were gradually collected.

Then this bed of organic matter Avas elevated into a soil, and largo

trees, with Stigmaria roots, grew on its surface. These were buried

under thick bods of clay and sand, and it is in the latter that the erect

tree already mentioned occurs ; its roots, however, arc about nine feet

above the surface of the limestone, and belong to a later and higher

terrestrial surface, which cannot bo distinguished from the clay of

similar character above and below.

The Xth Subdivision contains a vast thickness of sandstone and

shales, the latter chiefly of chocolate colours. It shows comparatively

uieagre indications of the swamp-deposits previously in progress.

* Included in tho lower part of Subdivision X. of the scctiou.

M
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During the greater part of the time occupied in the formation of these

beds, the locality must have been a sandy or muddy sea-bottom,

receiving much mechanical detritus, or an expanse of flats of I'eddish

mud and brown or gray sand, covered by the tides. There are, how-

ever, some evidences of terrestrial conditions. In tlie lowest beds is

a large erect stump, filled with laminated clay after the complete decay

of its wood. In the clay filling it were abundance of fern leaves,

Cordaites, Lepidophylla, a few plants with attached Spirorbis, and a

shell of Naiadites. This tree Avas ro(.ited in a thick miderclay full of

rootlets of Stigmaria. Higher up there are several tliin coaly bands,

with underclays; many of the shales abound in leaves of Ferns and

Cordaites, probably drifted, and the highest sandstone showed a large

erect tree.

Subdivision XI. commences with a soil resting immediately on the

truncated top of the tree last mentioned. On this soil was formed a

deep swamp, now represented by three feet of coal and bituminous

shale in alternate bands. Large quantities of clay and sand buried

this swamp, but not in such a manner as to preclude the growth of

trees, many of which were entombed in the erect position. In these

sandstones and shales, no less than six erect trees were observed at

different levels, the lowest being rooted in the shale forming the coal-

roof; fifteen feet of the trunk of one of those trees still remain; two

others were respectively five and six feet high. Erect Calamiics were

also observed. The soil which was formed on the surliice of these

beds .sujiports one of the thickest coal-beds in the section, marking a

long and undisturbed accumulation of vegetable matter; and after tlie

deposition of 18 feet of underciay and shales, there is another equally

thick though coarser bed. We have here, as in some previous groups,

three distinct conditions of the surface:—first, terrestrial surfaces

more or less permanent; secondly, undisturbed marine or brackish

water conditions; thirdly, intervening between these the deposition,

probably with considertible rapidity, of sandy and muddy sediment.

We may also observe that, admitting the Stigmaria to be roots of

trtes, there are five distinct forest soils without any remains of the

trees, except their roots; and we shall find throughout the section

that the forest soils are much more frequently preserved than the

forests themselves.

In the large series of beds included in Subdivisions XII. and XIII.,

there are no less than thirteen distinct forest surfaces marked by

underclays or erect trees, and at least five periods of submergence

indicated by mussel-beds, and three of them, at least, of very long

duration. It Avill be observed that, in several instances, the order of
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succession is undcrclay—coal—bituminous limestone. This arrange-

ment, so common in other parts of the section, seems to show a

connexion other than accidental between tlio long periods of terres-

trial repose required for the growth :'" coal, and those of quiet

submergence necessary for the growtli of mussel-beds. Probably the

peaty areas of coal accumulation were gradually subsiding, and when

this process finally caused their submergence, the submerged coal-

swamp was the most fitting habitat for Naiadites and its associates

;

and these sunken swamp areas may have been so protected by thick

margins of jungle as to resist for a long time the influx of turbid

waters.

In the lower part of No. XIII., and immediately above Coal-group

21, I observed a very curious association of erect plants. An erect

tree, converted into coal, .spring--j from the surface of the shale, and

passes through fourteen feet of sandstone and shale Apparently from

the same level there rises an erect ribbed tree, probably a Sigillaria,

in the state of a stony cast, which, however, extends only to the top

of the sandstone. In the sandstone, and rooted about a foot above

tlie base of the erect trees, are a number of erect Calamites. In this

case the forest soil has been covei'ed by about a foot of ai'gillaceous

sand, on which a brake of Calamites sprung up. Further accumu-

lations of sand buried them, and covered the trunks of the trees to the

depth of eight feet. ]3y this time the Sigillaria was quite decayed,

and its bark became a hollow cylinder, reaching only to the surface of

the sand, and ultimately filled with it. The other tree still stood

above the surface until six feet of mud were deposited, when, its top

being broken oflf, it also conn)letely disappeared beneath the accumulat-

ing sediment ; and being softened and crushed by the lateral pressure

of the surrounding mas^i, it was finally converted into an irregular

coaly pillar, retnlni*." no distinct traces either of the external form or

internal stnu'i.au <"'
t. c original plant. The structure of similar trees,

to be noti'-'id urther on, rciiders it likely that this coaly tree is the

remai/is •..' ^ ic of the Araucarian Pines, wliicli, it appears, flourished

in the ooal-ivvan ps in company with the Sigi'larir' The surface of

the clay whv h buried this re.narkable tree beca.... .loclf an nnderclay

or soil; and m the sandstone r<'sting upon it were fc:',nd casts of two

erect troes, one of them five feet in height, a ad a Sigillaria with

distinctly mai'ked leaf-scars. The tops of thjse trees have been

entirely removed, and their hollow ste .is ilU'nl \ni\\ sand, before the

deposition of a bed of mud resting upju them, and which is now the

underelay of a bed of coal. This zf^^X w as -lext submerged under the

couditiMUS required for bituminous l'n)Csto.iC wud mussel-beds. The

i
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quiet watcra were then filled up with clay and sand, the latter

ripple-marked, and with drifted vegetable fragments. Another soil

was formed above these beds, and on it we find an inch of coal, with

flattened Siffillaria; which jirobably once grew on the underclay.

This terrestrial surface was succeeded, as usual, by waters swarming

M'ith Naiadites and fish, and on these were spread out beds of sand

and mud, with ripjde-marks, drift trees, and evidences of partial

denudation by currents. A terrestrial surface was again vostoi'cd, and

four inches of coal were accumulated ; but the waters again prevailed,

and in the coal itself we find Naiadites^ Cythere, and plants covered

with Spirorbis^ indicating that these creatures took possession while

the vegetable matter was still recent, and probably much of it in an

erect position. A terrestrial surface was, however, soon restored ; for

in the shale which covers tlic coal there is a fine ribbed stump, two

feet in diameter, and disjdaying on its roots the markings of the true

Stigmaria ficoides, as well as the rootlets in situ
'

' the shide. This is

the first instance we have here yet met with of the distii.ct connexion

of an erect ribbed stem with its Stigmaria roots. The auses of tlic

difficulty of observing the roots and stem in connexion will be stated

in the sequel.

The next Subdivision is in great part the result of somewhat rapid

mechanical deposition. It contains thick beds of sandstone, deposited

by curi-ents which have undermined wooded banks, or passed through

recently submerged forests, for they contain numbers of trunks of

different trees, retaining their bark and surface markings. Its coals

are few and insignificant. There are, however, erect trees and Cala-

mites at three levels ; and one of the trees springs from a shade loaded

with Cordaites which may have grown around its base.

Here we may pause for a little, to note the appearance of some 31'

the new vegetable remains to which we have been introduced. ^V »

have found a Sigillaria with distinct markings, namely, its sides ma' .c

with bold ribs, having the eftect of the flutings of a Grecian coiur..ii,

and these ribs dotted with vertical rows of leaf-scars. We have also

seen a distinct instance of a Sigillaria attached to its Stigmaria roots

still spreading through the soil. (See Fig. 30, page 180.) Let us

now endeavour to form an idea of the trees of this singular genus.

Imagine a tall branchless or sparsely branching trunk, perhaps two

feet in diameter, and thirty feet in height. (One has been traced to

the length of forty feet in the roof of the Joggins main coal-seam.)

The trunk is covered with a thick bark, very smooth, and ribbed

regularly, and is clothed to the summit with a dense mass of L'i'vcs,

probably of lengthened and grass-like forms. Such trees must have

n
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formed dense groves in tlic swamps of the Coal period. Tliey have

nothing closely analogous to them among living plants. Tliere were

a number of species of Siffillaria, differing somewhat in their riljs and

leaf-scars, and probably also in their leaves. Lep'uhphloios or Ulodcn-

(Iron, a plant whose remains occur with the iSir/illaria, was allied to

the Lcpidodendro7i, but wanted its slender graceful brandies, while it

had rows of stiff cones planted on the sides of its trunk : and its

general aspect, when clothed witii its long leaves, .somewhat broader

than those of Lepidndendron, must have much resembled that of the

^Ig'dlaria. Lcpidopliijlla were the leaves of Ulodendron or Lepido-

dendron.

We have also met with the Cordaites, long striated leaves resembling

those of gigantic plants of Iris or Indian corn, and sometimes five or

six inclies in b'cadth, and half as many feet in length. They grew

on thick stems under and around the sigillarian woods though some-

times probably covering great tracts without any admixture of other

])lants. Wo have also observed an erect coniferous tree, and erect

('alamites, but shall reserve our notice of these for better instances

farther on. Lastly, fronds of Ferns appear in some of the beds ; and I

may state here that they are much less abundant relatively to the

otlier plants at the .loggins tlian elsewhere in the Coal-fields of Nova

tSc'otia and Cape Breton.

Subdivision XV. is one of the most interesting in the section, in

consequence of the discovery in it, in 1852, by Sir Charles Lyell and

tlie writer, of the bones of a reptile, Dendrerpeton Acadtanutn (Fig.

.32), those of another small reptile, and the shell of a land snail [Piipn

Fig. 32.

—

Jaw of Dcndrci-pcton Acadianum.

{(i) Cross section of Tooth (m.ignificcl).

rehisla) (Fig. .33).* These remains are of great interest, as they were

the first reptilian animals found fossil in the Carboniferous rocks of

America, and the only land snail who.sc remains had ever been found

in rocks of that age ; in fact, the first evidence obtained of the

* Tlic figiiros given hero reprpsont two of tlie original siiocimcns found in 18.V2.

Hotter sperinicns are figured further on.
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existence of animals of that tribe at so early a period. These inter-

esting remains were all found in the interior of an erect tree, mingled

Fig. 33.

—

Fossil Laml Sliell—Joggina Coal Mmswes.

Magnified three diameters.

with the sand, deof^ying wood, and fragments of plants which had

'''.lien into it after it became hollow. The bed of argillaceous sand-

fi'r.e, nine feet in thickness, v, hich enclosed this tree, contains a

i\v. ''er of erect plants (Fig. 34). Three erect trees in the form of

sandstone casts and erect Calamites were observed in it, with many

Stigmaria roots. There was also a tree not in the form of a cast,

but of a mass of coaly fragments surrounded by a broken and partly

crushed cylinder of bark ; the whole being evidently the remains of

a trunk which has been reduced to little more than a pile of decayed

Fig. 34.

—

Section of middle part of Sitbdirison XV. in which the Dendrerpeton, Lnnd

Shells, etc., hare hecnfoxnid.

1. Undi-Tclay, with rnotlots n( Stigmaria, rostiiif,' on gray sluilc. witli two tliiii coiily seams,

2. Gray Raiuistouo, with eroct trc<'s, Ijlamites, and ntlicv stoius: 9 feet.

3. Coal, with erect tree nn its surface : G inches.

4. Undercl.iy, witli Stiginnria rooth'ts.

(n) Cnlamilf.s. (c) Stigmaria roots.

(6) Stem of plant nndctermined. {d) Erect trunk, 9 feet high.

pieces of wood before the sand was deposited ; consequently it must

have been either an older or more perishable plant than those whieli

stand as pillars of sandstone. The wood of this tree shows, in the

cross section, a cellular tissue, precisely similar to that of the Coniferte

;



..f^':-:"'^.

EXPLANATION OF JOGOINS Si:iJTION. 191

the longitudinal section shows only elongated cells, but is very badly

jJiTservcd. A tree of this description is not likely to have been more

perishable than the Sigillai'ice, which, in the same situation, remained

until nine I'eet of sandy mud had accumulated. I suspect, therefore,

that this stump may be the remains of a Coniferous forest, which pre-

ceded the 8iffillari(c in this locality, and of which only decaying

stumps remained at the time when the latter were burled by sediment.

This is the more likely, as tlie appearances indicate that this tree was

in a complete state of decay at the very commencement of the sandy

deposit. It is, however, possible that this older forest, represented by
coaly stumps, may have consisted of Sigillaroid trees.

Tlie history of this group will thus be as follows:—(1.) The Stig-

maria undcrclay shows the existence of a Sigillaria forest, on the soil

of which was collected sufficient vegetable matter to form six inches

of coal, which probably represents a peaty bog several feet in thickness.

(2.) On this peaty soil grew the trees represented by the stump of

mineral charcoal mentioned above. This tree, being about one foot

in diameter, may have required about fifty years for its growth to that

size. It was then killed, perhaps by the inundation of the bog. (3.)

During the decay of the tree last mentioned, SigiUaricE grew around

it to the diameter of two feet, when they Avere overwhelmed by

sediment, which buried their roots to the depth of about eighteen

inches. At this level Calamites and other SigiUarice began to grow,

the former attaining a diameter of four inches, the latter a diameter

of al)out one foot. (4.) These plants were in their turn embedded in

somewhat coarser sediment, but so gradually that trees with stigmarian

roots grew at two higher levels before the accumulation of mud and

sand attained the depth of nine feet, at which depth the original large

SigiUarice that had grown immediately over the coal were broken

off, and their hollow trunks filled with sand. Before being filled with

sand, these trees, while hollow, must for some time have projected

from a swamp or terrestrial surface, such as that which immediately

succeeds them in ascending order ; and it is no doubt to this circui a-

stance that we owe the occurrence, in some of them, of reptilian

remains and land shells, as well as many vegetable fragments, such

as Calamites, Cordaitcs, and a Lepidustrohus, with many of the fossil

fruits called Trigonocarpa, evidently introduced before the sedimen-

tary matter, and forming just such a mass as might be supposed likely

to fall into an open hole in a forest or swamp. (5.) The remaining

beds of this group evidence the continuation of swamp conditions for

a long time after the trees last noticed were completely buried. They
include, in a thickness of twenty-eight feet, three underclays supporting
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submergence of tlie swamps of tlic last group, .incl their invasion by

Siind-beariug currents.

The next Subdivision commences with tlie growth of Calamites on

the surface of the great sand-bed last noticed, after which there was

the formation of an underclay and coal, the latter being afterwards

inundated, and the plants at its surface overgrown with Spirorbis.

In tlie slialc covering this coal, about fourteen feet above its surface,

is a bed with shrinkage cracks, and containing a stool of Stiffmaria,

one of the roots of which was traced d^ feet. Its rootlets were

attached, so that it can scarcely have been a drift stump ; and if now
in situ, it must have grown on a mud-bank alternately inundated and

dry, like the present salt-marshes of the Bay of Fundy.

Fig. 36.

—

Section of Base of Erect SitjiUaria.

^:-
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have been broken off without any decrease of their diameter. In one

place twelve stems were counted in eij^ht feet measured along the face

of the cliff. From the base of the cliff to low-Avater mark, they could

everywhere be seen abundantly along the continuation of the ledge of

sandstone. This bed and others of similar character at the Joggins,

have given us much information respecting the nature and mode of

growtli of these plants, which I may pause here to notice in detail.

The Calamites were tall cylindrical stems, with a hard outer bark,

and were either hollow or filled with cellular matter. The stems

were regularly marked with longitudinal stria) or furrows and cross

joints, sometimes showing the marks of the attachment of the leaves,

which were verticillate, or in whf ris around the stem, and long and

needle-like (Figs. 37 and 38). The general habit of growth thus

Fig. 38.

—

Leaves of Calamites (C. Cistii)

Fig. :i7.— Erect Calnmiles {C. Vultxii),

with Boots.

One-sixth natural size.

resembled the Equisetum or Mare's-tail of modern marshes, and pro-

bably these plants are also allied to the Calamites in structure. Cala-
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mifes grew on wet mud and sand-flats, and also in swamps ; and they

apjjcar to have been especially adapted to take root in and clothe and

mat together soft sludgy material recently deposited or in process of

deposition. When the seed or spore of a Calamite had taken root

(and it is not unlikely that, like the very remarkable spores of the

Equiseta, their seeds had wings which expanded to waft them through

the air when dry, and dosed instantly when they touched the damp
soil), it probably produced a little low whorl of leaves surrounding

one small joint, from which another and another, widening in size,

arose, producing a cylindrical stem, tapering to a point at the base.

To strengthen the unstable base, the lower joints, especially if the

mud had been accumulating around the plant, shot out lung roots

instead of leaves, while secondary stems grew out of the sides at the

surface of the soil, and in time there was a stool of Calamites, with

tufts of long roots stretching downwards, like an immense brush, into

the mud (Fig. 37. See also Fig. 39). When Calamites thus grew

Fig. 39.

—

Erect Calamites (C. Suchovii), showing the Mode of Qrowth of Kevi Stems,

and Forms of the Itibs.

-^y'TThZ^

Vv\A,'

Natural size. Half natural rizc

(o) Old stem. (6) Second stem, budding from first, (c) Third stoni, budding from second.

on inundated flats, they would, by causing the water to stagnate,

promote the elevation of the surface by new deposits, so that their

stems gradually became buried ; but this only favoured their growth,

for they continually pushed out new steins, while the old buried ones

shot out bunches of roots instead of regular whorls of leaves. These

peculiarities have caused much dispute among botanists, some of whom
have even fancied that the whole stem served as a root. All the

:.a!
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apparent anonmlios were, liowcvcr, wise contrivances to fit tlio plant

for ltd oflice in niiturc.

One peculiarity in these heds well illustrates the fact alrcaily

mentioned, that the thickness of beds is no certain criterion of the

time occupied in their formation. The bed of sandstone, eight feet in

thickness, enveloping the C'alamites, must have been deposited in a

few years at most. The midcrlying coal is all that marks the growth,

Bubmcrgence, and decay of a forest.

tSubdivision XXIII. is a great and continuous scries of swamp and

estuary deposits, including the most important bed of coal in the

section, and a largo number of well-marked terrestrial surfaces. It

commences with a black bitiuninousimdcrclay, a soil probably of long

continuance, and filled with rootlets. This supports a foot of coal

known to the miners as the " Queen's Vein " (Coal-group 8), above

which we find three other coals with underclays, and one of them

with a shale roof full of prostrate plants. Then we have an underclay

capped by shale with fossil leaves, but no coal. Above this we have

an interruption of the previous conditions, by the deposition of sand,

on the surfaces of which drift-plants were scattered, and became

tenanted by the little Avorms whose shells wc have referred to Spirorln's.

On these sandstones Stigmarla again took root, and one bed is filled,

from the cliff to low-water mark, with well-preserved stools of these

singular roots, each with four main divisions, branching dichotomously.

A single inch of impure coal was the result of this dense growth of

trees. Above this accumulated a thick boggy underclay, on whicli

a varied and beautiful forest has grown, which was overturned or

uprooted, and now lies prostrate in a thin band of ironstone and shale.

In the ironstone of this b.and are four species of Siffillaria, and groat

multitudes of Cordaites and other leaves. All these fossils had

Spirorbis attached. They no doubt mark the site of a submerged and

fallen forest, which but for the abundant deposition of fine mud and

carbonate of iron, which Adlowed its submergence after an interval

sufficiently long for the growth of Sjiirorbis, would have appeared as

a thin coaly layer. Above this, after an interval occupied by shales

and sandstone with one thin coal, we find a thin coaly layer almost

entirely composed of Coi^daites. No roots appear in the imderlyinj,'

shale, and wc may therefore doubt whether these leaves grew in situ,

or were scattered over the bottom of water. On this coal is a thick

clay supporting, some years ago, two erect stumps. From the clay in

which they were rooted they passed upward, through a sandstone two

feet in thickness, into a shale with ironstone bands above. The

smaller stump was fluted, but without leaf-scars. Its roots were

I
!
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couL'ciilcd under the boai'li. It was filled with .sandfstojic to tiic height

of seven inches above the level of the sandstone witliout, indicating

tliiit this bed must have suffered from denudation, after having contri-

buted materials toward the filling of the stump. It is probable that

the sand within the baik was originally lower than that without. If

so, the sandstone may have lost much more than seven inches ; and of

this, but for the presence of this stuiup, there would have been no

evidence. The neighbouring tree, though rooted at the same level,

was brought by the dip of the beds to a sufficient height to allow its

roots to bo seen. It was originally of the same height with the other,

but the upper part had been removed. In this stnmii we .see that

wliilc tiic sandstone within has extended higher than that without, it

liiis also descended lower, though nut quite to the bottom, this being

lillcd with clay. Wc thus find that after the tree became hollow, and

while its to[) continued to stand at least three feet above the surface,

it was partly filled with a dcjiosit from mudily water. The mud
witliin was, however, much lower than that without when the .sand

began to be deposited, and filled the greater part of the stump. The

roots of this tree had Stigmaria marking.s, and the rootlets could be

seen penetrating the shale beneath. Portions of the surface of the

trunk showed the markings of a broad-ribbed hii(jillavia, with oval

leaf-scars on the ligneous surface. The roots descend somewhat

riipidly into the clay, and perhaps even reach the coaly layer below.

The overlying shales bend downward into the upper part of these

stumps, indicating that the material within was more compressible

tliau that without. Perhaps this is due to the compression of woody

matter remaining in the bottom of the cavity left by the decay of the

trunk. The circumstances in which these stumps were preserved

strikingly illustrate the strength and durability of the bark oi Si(/iUaria.

Above this bed there arc about thirty feet of shales, with ironstone

bands and sandstones, including a few thin layers of coal, and appa-

rently several undcrclays ; but the coal railway and pier prevent them

fioni being well seen. On these rests the main coal or " King's Vein "

(Coal-group 7). The main coal and a layer of clay six inches thick

overlying it, have supported a forest of Sic/illaria;, «fi of which

remain as erect stumps, others arc prostrate. Very ime specimens

have been extracted from this bed in working the coal. Their surfaces

arc often covered with Spirorbis. This forest was buried under eight

feet of sand and clay ; and from the surface of the latter sprang an

erect tree, Avhich was observed to extend upward to the height of

fifteen feet, and was then abi uptly broken off. The rocks enclosing it

arc sandstone and arenaceous shale. (Fig. 40.) This tree, like one
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proviouHly inoiitioiicd, wa.s a pillur of citiily iimttor, without flistinct

external inaikitij,'s, and coinprcsHod by latt'nil pre.H.siiro. Its preserva-

tion ill this manner siiows that it was composed of durable wood, but

Fig. iO.—Uetli oMilyliig Jof/r/ina Main Coal, with erect Tree artd Calamiks,

1. Shnio nnd BandstDiie. Plniits with Spirorbls attached; Kain-marki

2. Siindstoiiu and slmle, 8 fuot. Ki'uct CaliuniteH. r , ^ „ . , ,

„ „ , . „ ,. 1 An erect cc. . i.') tree, rooted
3. Grav siuidstone, 7 luet. ,, , , ., , ,..,,',,,,. on the shale, pasHes up thruUL'h li
4. Grnv nhale, 4 feet. - . .... f. , , ,

, ,, •
, . f ^ feet ot the BuiidstoneH and Bhale.

5. Uriiy simd.stiine, l feet. I-

6. Gray sliale, (i imlies. Prostrate nnd erect trees, with rootlets; leaves; AaittUitca
;
'ami

Sjiinirbin oil the pliints.

7. Main coal-seam, 5 feet coal in two seams.

8. Uiiderclay, with rootlets.

by 110 means proves that it differed from tho.so trees which arc found

in the state of stony casts. An erect tree, the wood of which had

time to decay before it Avas buried by detritus, would appear as a cast

in sand or clay. The same tree, if broken off and buried before the

decay of its wood, might appear as a pillar of coal. This tree is,

however, proved, by portions of its wood which retain their structure,

to have been coniferous.

After deposits of sand had extended to the height of at least ten

feet above the root of this tree, and while its top projected above the

surface, Calamites grew around, attaining a diameter of If^ inch, and a

height of at least five feet. They are very numerous, and though

perhaps a different species from those in the great calamite bed before

mentioned, grew in the same manner. They were buried by five feet

of sand and arenaceous mud, after which their tops and that of the

i
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criict trt'i; were removctl or decayc'd, mid tlic Minds nnxt .succeeding

contiiiii only drift vcgctiiblc f'niguicntn, Iiavinj^ Siiirarhis nttachcd to

tlicm. Above tlie.so in an inch of coal, loaded with C'ordaites, and it

Is to bo olwcrveil that this is the second instanci' of tliiii coaLs of thia

kind without Sti;,'uiaria underclays. Iniint'diiitely above this is a

Bandy soil with Stignuiria and rootlets, but witliout coal or erect trcos,

Shales and sandstones succeed ; and above these wo have a very thick

iiiiddi'liiy full of rootlets. This soil, after tlie growth upon it of coaly

nmtler, and a forest or successive forests of ,Sijill(tria, was submerged

in such circumstances that scarcely any mechanical detritus was

df'positcd u|)on it. The trcos remained erect in the bottom of clear

wiitors, inhabited by fishes and ('//t/icrc, until Sjiirnrhiii attached itself to

tlu'lr trunks. They at length fell and sai\k to the bottom; and, with

the vegetable soil, form a bed of impure coal four inches in thickness,

and abounding in scales of fishes and trunks covered with Spirorbia.

Long after the forest disapjiearcd, these a([nati(! cunditions continued,

and ten inches of caleareo-bituminous shale with Xaiadites, fish-scales,

and Ci/lhere were deposited, as usual passing upward into barren gray

shale. This is a fine instance of an or icr of succession which we had

f'iC(piont occasion to notice in the earlier part of the section.

In the next Subdivision the waters retain their dominion, though

probably diminishing in depth, in conscfiuenco of the deposition of

detrltal matter. The sandstones of this group are very uniform and

evenly bedded, as compared with those in the last, and present no

indications of vicinity to shores or water-courses, except in the presence

of drift-wood, and of singular scratches and furrows on the surfaces of

the shales, fine casts of which have been taken by the overlying sand.

Scratches and marks of this kind are very frequent in the Coal Forma-

tion. They occur on a grand scale iu the Pictou freestone quarries,

and are also very abundant near Tatamagouche. Many of them might

very easily be included iu the convenient tribe of Fitcoides, that is,

remains of sea-weeds, but their want of imiformity in everything

except direction, their want of organic matter, and occurrence in beds

containing drift-wood, make it most probable that they Avcre scratches

produced by the roots and branches of trees borne over the surface by

currents of water, and similar to those which may be seen on the

inundated mud-flats of Avooded countries. Such marks are usually

straight, like diluvial striaj, but when stumps or tree-tops ground and

arc borne off, the most fantastic markings are produced, partly by tho

eddying of the current around the obstacles opposed to it.

In Subdivision XXV. we have a dense scries of fossil soils, with thin

coaly layers. It terminates upwards in bituminous limestone, with its

LI; I
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usual fossils and resting on coal. This is a case precisely similar to

that Avhich terminates oar 23d group, except that in this last case the

conditions favourable to the formation of bituminous limestone probably

continued longer.

The next is another barren group of chocolate and gray shales, with

gray sandstone occasionally rippled, and with fragments of drift-wood.

This is the filling up of the shell-fish-inhabitcd wateis, in the manner

already so frequently noticed. In one of its beds I observed rain-

marks, and a series of footprints, probably of a small reptile ; tand it was

here that Mr Marsh found the vertcbraj of the largest reptile yet

discovered at the Joggins, Eosaurus Acadianus.

Subdivision XXVII. is another succession of underclays and small

coaly layers. It is remarkable for the very pyritons character of many
of its beds, an indication of the action of sea-water. The most

remarkable part of this group is that represented in Fig. 41. It

Fig. 41.

—

Sectionfrom the lower part of SuMivisioii XXVII.

7 5

Sliiile. 2. Shaly coal, 1 foot. 3. Underclay with rootlets, 1 foot 2 inches.

Gray sandstone passing dowuwords into shale, 3 feet. Erect tree witli Stigmarla roots («)

on the coal.

Coal, 1 inch. 6. Underclay with roots. 10 inches.

Gray sandstone, 1 foot 5 inches. Stigniaria rootlets continued from the bed above; erect

Calamites. 8. Gray shale, with pyrites. Flattened plants.

includes a bed of erect Calamites and an erect tree with distinct Stig-

maria roots. The underclays are here so crowded on the erect plants,

that the rootlets of one untlcrclay pass downward among the erect

Calamites, and the rootlets of another pass beside and within the cast

of the erect tree, the surface markings of which they have helped to
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lios.

Iroots («)

erect

I.

Stig-

lauts,

erect

cast

led to

obliterate by passing downward iniincdiatcly within the barli. The

cahimites are rooted in shale, and the (M-cct tree in an ordinary under-

clay, supporting a thin layer of coal which rises a little immediately

under the stumj), being there either protected from pressure or increased

by the addition of woody matter derived from the trunk. This stump,

it will be observed, expands rapidly towards its base. This group

terminates upward in a mussel-bed resting on coal.

The whole series of events in the preceding historical sketch has

depended on the following conditions:—Gradual and long-continued

subsidence, with occasional elevatory movements, going on in an exten-

sive alluvial tract teeming with vegetable life and receiving large

supplies of fine detrital matter. On the one hand, subsidence tended

to restore the original dominion of the waters. On the other hand,

elevation, silting up, and vegetable and animal growth built up succes-

sive surfaces of dry land. For a very long period these opposing

forces were alternately victorious, without cflccting any very decided

or permanent conquest ; and it is very probable that the locality of

our section was, during this period, near the margin of the alluvial

tract in question, where tlie various changes of the conflict we"" more

sensibly felt and more easily recorded than nearer the open sea or

farther inland.

The portion of the section above described in detail includes a

thickness of 2819 feet of the central part of the Coal formation,

constituting Division 4 of Logan's section.

It is impossible to contemiilate this vast series of deposits without

being forcibly impressed with the great lapse of time and variety of

ciiange which it indicates ; and a glance at the table of formations in

the introduction to this work, will show how small a portion of the

whole geological history of the earth is represented by the coal

measures. It is to be borne in mind also that this section represents

the structure of the whole plain of Cumberland, and in a less precise

maimer that of the whole Carboniferous areas of Nova Scotia and New
Uruiiswick, with great tracts composed of similar rocks, but not

elevated above the bed of the present seas. I do not wish it to be

understood, however, that all the changes represented by the Jcggins

i)eds extended continuously over large areas. On the contrary, I

believe that had we visited Cumberland during the Coal period, we
might, by changing our position a few miles, have passed from a sandy

shore to a peaty swamp, or to the margin of an estuary or lagoon ; but

I believe that in each locality these changes succeeded each other in

a similar manner, and that the great alternations between terrestrial

growth and marine deposition extended over very Avide areas. Had
o
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we visited Cumberland during the time represented by one of the

groups of coals, bituminous limestones, and erect forests, we should

ha-'j beheld vast swampy plains covered with dense forests, calamite

brakes, and peaty bogs, intersected by sluggish streams and shallow

lagoons. Had wc visited it perhaps some centuries later, at the time

when one of the barren groups of sandstone was being deposited, the

eye would have ranged over a wide and shallow sea, filled with sand-

banks, and with occasional low islets and spits, covered with Sigillariaj

and fringed Avith wide borders of C.ilamitcs, struggling for existence

among the shifting sands. Changes of this kind alternated again and

again, while the whole area was constantlv subsiding at a rate so slow,

that mechanical deposition and aninif A vegetable growth were able

to a great extent to counteract and sohiotimes altogether to neutralize

its influence. At length, however, in the Upper Coal formation,

aqueous conditions regained a decided preponderance. This, then, be

it borne in mind, was the process employed by the great Architect

of the universe in building up the Coal-fields of Nova Scotia and of

the world ; and we ai-e indebted to the clean and sharp section effected

by the tides of Chiegnecto Bay for that fine exposure of its stony

monuments which enable us to understand and explain in such detail

its nature.

Remains of Aquatic Animals in the Coal Measures.

I propose in the sequel to devote an entire chapter to the land

animals of the Coal formation. In the present note, I desire to state

some interesting facts in regard to the remains of aquatic animals

which abound in the shales and bituminous limestones, associated

with plants, and without any intermixture of brachiopods, corals, or

other absolutely marine productions. Though I do not consider these

creatures as fresh-water animals, yet they must be regarded as the

tenants of brackish, and perhaps sometimes fresh, ponds, lagoons, and

creeks of the Coal formation swamps, and which must have been, for

the mo.st part, shallow, land-locked, and filled with putrid vegetable

matter, though no doubt often at the sea level, and communicating

with it by channels more or less wide.

I. Bivalve Shells.—All the Laraellibran'ihiate shells, which are so

numerous in some of the shales and bituminous limestones of the

.Jogging that some of the beds may bo regarded as composed of thcin,

belong to one generic or family group. They are the so-called

Modiolas, Unios, or Anodons of authors. I proposed for them, some

years ago, the generic name of Naiadites, and described six species

from the Coal measures of Nova Scotia, stating my belief that they
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arc allied to Unionidce^ and that their nearest analogue may be tlie

genus Bysso-anodtynta of D'Orbigny, found in the Klvcr Parana.*

Mr Salter, however, to whom I oent specimens, regards these shells as

belonging to his new genera Anthracoinya and Anthracoptera, the

former being supposed to be allied to Myadce.\ More recently

Giunbel and Clciuitz have described similar shells from Thuringia as

belonging to the genera Unlo and Anodon, and regard my Xaiaditen

carbonarius {Anthracoptera carbonaria of Salter) as a Dreissena.\

In the present uncertainty as to their genuine relations, I shall retain

the name Naiadites for the whole of the species, giving, however,

Salter's generic names in brackets. The genus Anthracosia of King,

which is evidently distinct from Naiadites, has been recognised in

Nova Scotia only in the Lower Coal formation of Baddeck, C. J3. A
specimen found at that place by Mr Barnes will be noticed in the

sequel. As these shells swarmed in the waters of the Coal formation

estuaries or lagoons, facts tending to the elucidation of their habits

and affinities are important with reference to the coal ; I would there-

fore make the following remarks in relation to them :

—

(1.) Under the microscope, the shells of the thicker species, as

Naiadites carbonarius, present an internal lamellar and subnacreous

layer, a thin layer of vertical prismatic shell, and an epidermis—these

structures being entirely similar to those of Unionidce. In the thinner

species, as in N. lavis, only the prismatic coat appears, and in this the

prisms are in some instances placed obliquely. These thin shells,

however, show evidence of iin epidermis. (2.) The ligament was

external, there seem to have been no teeth, the shell was closed

posteriorly ; but there are indications of a byssal .^iniis. Mr Salter

describes the epidermis as wrinkled posteriorly; but this, with the

exception of the rings of growth, appears to me to result from pressure.

The shells are equivalvo, and have the external aspect of Unionidce

or Mytilidce. (3.) I know of no instance in Nova Scotia of the occur-

rence of these shells in the strictly marine limestones, nor have any

properly marine forms of Mollusca been found with Naiadites in the

coal measures. (4.) The mode of their occurrence precludes the idea

that thoy were burrowers, but favours the belief that they were

attached by a byssus to sunken or floating timber. On the whole, I

think that the balance of probability is in favour of the conclusion

that they were brackish-water or fresh-water shells, allied to Mi/tilidce

or to embryonic Unionidce.

* Supplement to Acadiau Geology, 1860.

t Quart. Journ. Geol. Soc, vol. xix. p. 79.

\ Neucs Jahrbach, 18G4. Geological JtaRaziiic, May 18G5.
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(1.) Naiadites {Anthracoptera) carboriaria (Dawson)—Fig. 4"2.

—

Hinge-line straight, more than one half the length of the shell ; beak

FiK. 1-2.

l'"(js. Al III 4ii.

—

'^'prcica of Xaiutlllcn.

Fi-. 4:!. I'ig. U.

Viir. 15. FiL'. 4f.,

acute, in the anterior fourth of hinge-line ; anterior margin abruptly

rounded ; ventral margin nearly straight, with a slight sinus
;
posterior

margin broad and regularly rounded ; shell thin, with distinct growth

lines. When recent, the shell was probably somewhat tumid, but is

usually flattened, and often much distorted by pressure, so that it is

very difficult to obtain a specimen sufficiently perfect to be described

or figured. Length of adult, an inch or more. This is the most

abundant species in the Coal measures of the Joggins, beds of some

thickness being often almost entirely made up of the valves. Fig. 31,

p. 182 supra, represents an imperfect and distorted specimen. See

also Fig. 22 in my paper on the South Joggins in the Journal of

the Geological Society, vol. x. p. 39. This shell may possibly be the

Modiola Wyomingensis of Lea (Journ. Ac. Nat. Science, 2d series,

vol. ii.) ; but if so, his specimen is imperfect.

(2.) Naiadites {Anthracomya) clongata {^'(s..)—Fig. 43.—Smaller

than the preceding, and more elongated laterally ; the beaks obtuse

and more anterior; the hinge-line nearly straight and less than half

the length ; ventral margin slightly compressed ; length, half an inch

to an inch ; common at the Joggins and Sydney, in the Middle

Coal measures. See Fig. 23 in paper above cited.

(3.) Naiadites {Anthracoptera) laevis (Dn.)—Fig. 44.*—Broad

ovate, extremely thin ; beak about one-third of distance from anterior

end. This species is smaller, more rounded, thinner, and Avith the

* ]\Ir Salter thinks tliat this is identical with a species found in tlic L'lipei- Coal

measures of Manchester.
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beaks more central, than No. 1. It occurs in a bed of shal" at the

base of the Middle Coal scries at the Joggins.

(4.) Naiadites arcnacea (Dn.)—Fig. 45.—Elliptical ; twice as long

as wide ; beaks prominent, one-fourth from anterior end, which is

compressed and rounded. In the Upper Coal formation at Pictou.

(5.) Naiadites ovalis (Dn.)—Similar in general form to No. 4, but

much broader in proportion. Sec paper above cited, Fig. 24. It

occurs in bituminous limestone, with cyprids, in the lower part of the

Joggins Coal measures.

(6.) Naiadites angidata (Dn.)—Fig. 46.—Similar in general form

and proportions to No. 4, but with more prominent beaks, a straight

hinge-line, and an undefined ridge running backward from the umbo,

and causing the posterior extremity to present an angular outline.

Lower Coal formation at Parrsborough.

(7.) N. obtusa (Dn.)—As large as N, carbojiaria, but remarkable

for the broad and truncated form of its anterior end, giving it an

approach to a quadrangular form. It is thin, and much marked by

growth lines. Lower Coal measures, M'Lellan's Brook, Pictou.

II. Spiro7'bis carbonariiis.—Fig. 47.—This little shell, which I de-

scribed as a Spirorbis as long ago as 1845,* is apparently not specifi-

cally distinct from Microconchiis carbonarius of the British Coal-fields.

Fif,-. 47. —spirorbis carbonarius ; vat. size attached to Conlaites, and magnified.

liil

Its microscopic structui'e is identical with that of modern Spirorbes,

and shows that it is a true worm-shell. It is found throughout the

Coal formation, attached to plants and to shells of Naiadites, and must

have been an inhabitant of enclosed lagoons and estuaries. Its occur-

rence on Sigillarice has been used as an argument in lavour of the

opinion that these trees grew in sea-water ; but, unfortunately for

that conclusion, the Spirorbis is often found on the inside of the

bark, showing that this had become dead and hollow. Beside this,

the same kind of evidence would prove that Lepidodendra, Cordaites,

* Quart. Journ. Geol. Soc, vol. i. p. 326.

* J,"-"'
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and ferns were marine plants. Spirorhes multiply fast and grow very

rapidly ; and these little shells no doubt took immediate possession

of submerged vegetation, just as their modern allies cover fronds of

Laminaria and Fucus.

As I have not met with a description of this little shell, I may state

that it is dcxtral, with two and a half to three turns. It is attached

thi'oughout its length, and, when not compressed, presents a some-

what deep umbilicus. It is closely marked with beaded or unequal

transverse ridges. It has, when young, a close resemblance to >s);.

caperatiis, M'Coy, from the Cai'boniferous limestone of Ireland ; but

this species has only two turns, and is sinistral.

This shell has been described by Goeppert as a fungus, under the

name of Gyromyres ammonis.

III. Crustacea.—It appears, in the table above, that as many as

fourteen beds of coal exhibit in their roofs shells of minute Eutonios-

traca of the genera Cythere and Bairdia (Fig. 48),* and these occur

Kig. 48.

—

Crusts of Entomostraca ; nat. size and magnified.

(a) Bairdift
;
(J) CytlicreUa inflata

;
(c) Cythere.

in such quantities that considerable beds of shale and bituminous

limestone are filled with their valves. Professor Jones regards the

species as marine or brackish-water; and the same remark will, I

presume, apply to the crustacean Diplostylus Dawsoni, and a fragment

oi Ewypterus described by Mr Salter from Coal-group No. 8 of Division

4 of the Section, as well as to a second and larger sjjccies from Port

Hood. Of the small Entomostracans there are several species, which

Professor Jones has now in his hands for determination. No Estherians

have yet been found in the Coal formation of Nova Scotia ; but I have

specimens of Leaia Leidyi from the Lower Carboniferous of Plf.ister

Cove, and an undetermined Estheria from the same horizon at Horton

IJIuff. These will be described further on.

* One at least of these is identical with a British Carboniferous species.
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The following are Mr Salter's descriptions of these interesting

crustaceans, taken from his paper, Journal of Geol. Society, vol.

xix, :

—

*' DiPLOSTYLUs, gen. nov.

" Carapace unknown. Body segments arched, and with minute

pleura. Tail segment large, triangular, spinose, with two pairs of

simple ovate appendages.

" DiPLOSTYLUS Dawsoni, spcc. HOV, (Fig. 49).

" The portion preserved consists only of five rings and the broad

telson; and these together are three-fourths of an inch long, and less

Fig. 49.

—

Dijihstyliis Dawsoni.

a i

(a) Tall, nat. size
; (6) tenninal joint enlarged.

tliaii half an inch broad at the widest part. The telson is somewhat

narrower than the body-rings, broad above, and pointed behind,

wlicrc it is notched into three spines, the centre one very short, the

two on each side of it broad, and on their outer sides covering the

attachment of two small obovate palettes. These palettes arc a little

oblique, narrower than their length, rounded at their po.sterior margin,

anil striated distinctly. Outside these, and much higher up on the

sides, are a pair of broader notches, which give origin to a pair of

small palettes, ovate and not broader at their ends, and striated

obliquely ; and above the insertion of these are a pair of broad, flat

spines on the surface of the tail-joint.

" The body segments arc transverse, the axis not much distinguished

from the short, pointed, recurved pleura, with a narrow articular

furrow, and strongly punctate on the exposed portions. The puncta-

tions (in the hinder segments only) are overhung by short i^lications

:

such punctations are observable in many Isopod Crustaceans.

" Locality.—Coal measures of the Joggins, Nova Scotia, in a plant-

bed in the middle of the series.

" Having looked in vain for a similar pygidium among the large

-

tailed Isopods, and consulted Mr Spence Bate with a like result, he

> "l^ is ''
'

<' '-Mi
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referred me to a group of parasitic Amphipods (the Hyperma),

among which there are a few forms* witli tail segments coalesced

and bearing appendages. Tiie.sc show a sufficient resemblance to

warrant our referring Diplostylus provisionally to the Amphipod order.

I am very much obliged to Mr Bate for this analogy (which would

certainly have escaped me in Milne-Edwards's work). Mr Bate's late

papers on the Amphipods (Ann. Nat. Hist., 18G1) admirably illustrate

this peculiar group.

*' EuuYPTEuus, a large species allied to E. Scouleri^ Hibbert (Fig. 50).

" A mere fragment of a large body-ring, which nevertheless indi-

cates a species nearly as large as the great Scotch Eurypterus [E.

Scouleri, Hibbert).

"The large 'teardrop -tubercles' along the hinder margin suffi-

ciently show the nature of the ornament. These, in all probability,

were replaced by spines on the carapace, as in the British Coal

measure species.

** The carbonaceous film which remains in part en the surface,

cracked (by shrinking) into minute areolaa, represents evidently a

corneous substance, from which the animal matter has been dissolved

away. The suggestion of Professor Huxley, that the large Euryp-

teridce had a thick crust like that of Limulus, with but little

calcareous matter, is most probably true.

" Locality—Coal measures, Port Hood, Cape Breton.

Fig. 50.—Fragment of Eumpterus. Fig. bX.—Tail of Eurypterus (?).

" EuuYPTEKUS (?), tail of. (Fig. 51).

" This small specimen, found with the Diplostylus in the Joggins

plant-bed, has evidently nothing to do with that genus. It is im-

perfect, but can hardly be supposed to be other than the caudal joint

(broken) of a Eurypterus or allied form. It is, as usual in that genus,

contracted at its origin, but swells out afterwards, in the manner of

* Anchylomera, Typhis, Brachyscelus, etc.
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the tail-joint of Slimonia [Ptcrygotus) acuminata. There ftve no

surface markings or marginal serrations."

Locality,—Coal measures, Joggins, N.S.

IV. Fishes.—Remains of fishes occur in connexion with eighteen

of the coal-beds at the Joggins, usually in the roof-shales, though

detached scales, teeth, spines, or coprolitcs, are of occasional though

rare occurence in the coal itself, especially where the latter passes into

coarse coal or carbonaceous shale. One thin bed, No. 6 of Division 4

of the Section, is full of remains of small fishes. It is hard and

laminated, and roofed with a calcareous bed full of remains of aquatic

animals. It has a true stigmarian underclay. I suppose it to have

been a swamp or forest submerged and occupied by fishes while its

vegetation was still standing. It contains remains of fishes of the

genera Ctenoptychiiis, Diplodus, Rhizodus, and Pala^oniscus. It also

contains Cythce, Naiadites, and Spirorbls. In the other beds which

contain fish-remains, most of these consist of small Lepidoganoids^ but

there are occasional teeth and scales of large species of Rhizodus, and

also teeth of )Selachian fishes of considerable size.

Among these I have in my collection a tooth of a Ctenoptychius

(Fig. 52), differing from any species of which I have seen a description.

Fig. 52.— Tooth of Ctenoptychius cristattts, N.S. ; nal. size and mayvificd.

t (

,,&;.
if

'f,

It is two lines in length, with fourteen sharp denticles, much compressed,

and with a narrow base. Another very fine tooth found in these beds

appears to belong to M'Coy's genus Conchodus (Fig. 53). It has seven

Fig. 53.— Tooth of Conchudtta pUcatus, N.S. Fig. 54.— Tooth of Psammodvs.

Strong angular ridges, witb a slightly granulated and obliquely wrinkled

'•'i
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surface, and is an inch and a lialf in Icngtli, and about seven lines wide

in the middle. Tlio anterior edge is sliglitly and regularly rounded,

and the posterior edge forms an obtuse angle rounded at the apex.

Other teeth are referable to the genus Psrt»i»ioc/i(s (Kig. 54). There

arc also spines of the genus Gi/racanlhus (Fig. 55), though not of the

Fig. 6.1.

—

S/iine— Oyracanthus diq/Ucatua, 2\',S.

magnificent proportions of a specimen found by ^Ir I'arncs in Cape

Breton, and mea.suring 22 inches in length (Fig. 55«). Not being

Fig. 55rt.

—

ffjnne— Oi/mcanlhits magnijkut, N.S., reduced.

1

able to identify these fossils with any dcscriljed species, I have

assigned to them provisional names until further specimens shall

render them better known.

Many scales and other remains of fishes occur in the roof of the

main coal at Pictou, and also in the bed included in that coal-seam

which afforded tlie reptile liaphctcs plom'ccps, and Avhich is evidently

in the manner of its formation of the same general character with the

Modiola and Cyprls .shales of the Joggins. !Most of these belong to

the genus lihizodus, and to a .species not distinguishable from Jl.

Fig. b6.—Mhi!U>diia lanci/cr (?).

(a) Tooth
; (5) scale.

lancifer, Newberry (Fig. 56), of the Coal-field of Ohio. There is
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nlso a fine species of Diplodus, wliicli iippeftM to be new, mid wliich I

liiivo iiiuncd IJ. acinaces. Its lateml denticles arc compressed and

sliarp-edged, but scarcely crcnulatcd, and both bent in the same

direction. Middle cone obsolete ; base large and broad. One denticle

is nsually much larger than the other. Tlie greatest diameter of tho

larger denticle is to its length us one to three. A tooth of ordinary

size measures six lines from the lower side of the base to the point of

the longest denticle, and the base is four lines broad (Fig. 58). I

regard as probably bchinging to this fish certain cylindrical spines

found in the same bed, They are about half an inch in diameter, with

nearly central canal two lines in diameter, and are marked externally

with parallel longitudinal striie.

Among fossils from Pictou forwarded to me by Mr Poole, tlioro ia

a new Diplodus [D. penetrans), J'ig. 57. This is smaller than D.

acinaces of the Main Coal. Its height is about

two and a half lines, and tho breadth nearly the Fig. 57. Fig. 58.

same. The lateral points are half as broad as

long, and flattened ; rhombic in cross section at

the base ; serrated, especially at the outer and

lower margins. They diverge at an angle of

35° to 40°, and the central denticle is small and

conical. The base is broad and strongly lobed.

These teeth occur in the roof of beds of coal near to and above the

New Glasgow conglomerate, and in the roof of the Main Coal.*

In the same collection is a small tooth of Clenoptychius with eight

denticles;—the specimen is an imperfect impression. Tiicrc are also

remains of several ganoid fishes. One of these is a conical curved

tooth, half an inch long, smooth on the convex side, and marked on

the concave side with five spiral ridges. It probably belongs to the

genus Rhizodiis. With it arc scales, possibly of the same fish, which

have the punctures and stria? of the genus Osteoplax of M'Coy. There

are also two remarkable flattened sabre-shaped .spines, one inch and a

half in length, and resembling in general form the Devonian Machcera-

canlhus. Several rounded .scales have the characters of those of

lihizodiis, and there arc numerous scales and other remains referable

to Palceoniscus and allied genera. These last in the Albion measures,

as al the Joggins, abound in the bituminous shales and thin coals.

Notwithstanding the abundance of these remains of fishes, their

dislocated condition opposes great obstacles to their satisfactory study.

They all occur in the same beds, usually rich in vegetable matter,

which contain the shells of Naiaditcs and the Cythere and Spirorbis.

* These species were described in " Supplementury Cliapter," 1860.

Teeth of Diplodus.
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Consequently tlioy must have been caimlilo of subsisting in the brack-

ish and imijurc water of the coal creeks and laj^oons. The sninllor

ganoid species would find in these abundance of worms, small crus-

taceic, and larva; of insects on which to feed; and if, like the modern

ganoids of our North American rivers, they were provided with a

lung-like air-bladder, they cotdil subsist in stagnant water deprived of

its free oxygen by decomposing vegetable matter, conditions mider

which the ordinary ctenoid and cycloid fishes, had they existed in the

Coal formation period, would have perished. The larger ganoids and

the shark-like Diplodonts no doubt preyed upon the smaller fishes, as

the abundant scales seen in their coprolites prove. The fiat-toothed,

shark-like Psammodus and Conchodus may have ground up the

shells of Naiadiles, which probably hung in countless multitudes on

the floating and sunken timber of these coal lagoons and creeks.

Lastly, when these fish died, the millions of little Cytheres and

Bairdias, by removing every particle of flesh and ligament, would

scatter the scales and bones over the bottom of the waters, to bo

embedded in the black ooze.

m.



!i;i

CIIAITKR Xlir.

TIIK L'AKHONIFEUOUS SYHTi:M-CoHfi«H«/.

INLAND KXTKNSION OF Till: COM. MKASUKKS OF Till; JO001N8 SMORKS

OK NOKTIIUMIIEHI-AND 8TKAIT USKFUL MINKRALS OF CUMUKULANI).

The beds that appear at the Joggins can ho traced eastward for

many miles, and reappear witli a very simihvr arrangement in the banks

of the inhmd streams on their lino of strike, as, for instance, on the

Ilebert River and Maccan River; on the latter of which some of the

.fogglna beds appear ten miles from the coast. They no doubt extend,

with some modifications in the details, quite to the const of North-

umberland Strait. On this coast, however, the rocks are not so well

exposed as on the shores of Chiegnecto liny, and they have been dis-

turbed by lines of fracture, extending from the great lino of elevation

of the Cobequid Mountains.

In the intervening country the covering of soil prevents the geo-

logical traveller from observing much, except the ridges produced

by the outcropping edges of the harder sandstones. The only portion

of this inland region in which important coal measures have been

observed is at Springhill, about twenty miles eastward of the Joggins

coast, where it would seem that the great synclinal seen on the coast

section runs out to the surf\\cc, presenting a narrow trough-shaped

arrangement, accompanied by some disturbance of the beds.

At Pugwash, we find large beds of limestone and gypsum, the for-

mer with Lower Carboniferous shells ; among which are the Productus

itemireticulatus, and a similar but more finely striated species, the

P. corn. There are also joints of Encrinites, a little Avicidopecten

or scallop, and a smooth shell, Tercbratida sacculus, belonging to the

same tribe with the Productaj, but more closely allied in form to the

few species of that tribe which inhabit the existing seas. This lime-

stone is of good quality, and has been extensively quarried. It dips

to the S.W. On the shore in the vicinity a series of sandstones and

brownish shales appear, also with S.W. dips. Associated with them

are some beds of gray and black shale, with leaves of ferns and

Cordaites. The limestone is again seen at Canfield's Creek, and there

i
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Feet.

Gray sandstone and shales with some reddish beds. One of the

gray sandstones is filled with trnnks and branches of fossil

trees, fossilized by carbonate of lime, and showing under

the microscope a very perfect structure of the Araucarian

type about 150

Here we have, on a small scale, some of the principal features of the

Lower Carboniferous scries, associated with vegetable remains similar

to those found usually at a much higlior level in the t'arboi.lferous

system. 'i"hc beds at this place dip y. y.AV. 20"; but a little farther

to the north there are sandstones and conglomerates, also of the

Carboniferous series, dipping to the N.E.

Proceeding along the coast to the north-east, we find the gray

sandstones containing fossil trees and thrown quite on eilge. As the

strilce of tiic beds corresponds nearly with that of the shore, large

surfaces sometimes stand up along the face of the clifY like walls, and

on these are distinct rip[)le-marks and worm-tracks, produced when

tiie sandstones were beds of incoherent sand, but now, in consequence

of the hardening and disturbance of the sandstone, forming sculptures

on a vertical wall. A little further on, tlic same beds are seen dipping

to the north at an angle of -lo", and containing abundance of fossil

wood and some Calamites. A portion of the shore is then occupied

by a salt marsh, and beyond this we have a considerable series of coal

measare beds at the extremity of Cape Malagash, dipping south at an

angle of 40°. Cape Malagasli, as before stated, tluis appears to be in

the line of a subordinate anticlinal, ridging up the Coal formation rocks,

but not, like the more important anticlinal to the northward, bringing

up tlic Lower Carboniferous series. That the reader may have an

opportunity of comparing these beds with those of the Joggins, at the

otlier extremity of the same coal-field, find sixty miles distant, I shall

give a section of them in descending order.

Riownish red sandstones and shales alternating with gray sand-

stones, one of them containing pebbles of white quartz, about

Dark gray limestone ........
firay and reddish sandstones .......
Dark gray limestone ........
Gray sandstones .........
Reddish sandstones and shales

Gray arenaceous shale, Fern leaves, and Cordaites .

Undcrclay with Str; .:aria, and an erect stump with Stigmaria

roots, penetrating bed above ......

Feet.

600

. 2

. 50

;5

. 50

not well seen.

. 6
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nortli, wliich they continue to do as fiir as the base of the Cobequid

Hills at New Annan. Cape Malagash thus forms an anticlinal ridge,

which extends far to the westward into the interior of Cumberland;

and if wc consider the limestone at M'Kenzie's as the equivalent of

the Pugwash and Napan limestones, then the trough between it and

the New Annan Hills corresponds to the Joggins trough, though

narrower, and the northerly di[)ping beds of the Gulf shore correspond

to those north of the Joggins in New iirunswick. It is, however,

more probable that the great Cumberland trough is here, as already

hinted, split into two by the intervention of the Malagash anticlinal.

Unless the more important parts are concealed by the imperfection of

the sections, the whole Carboniferous series appears here to be less

fully developed than on the western coast of the county.

The beds seen with northerly dip at Tatamagouche, and thence to

New Annan, have the aspect of those of the Upper Coal formation.

They constitute a belt extending along the coast and connecting tiie

Cuniherland coal area with that of Pictou. Though beyond the limits

of the county of Cumberland, they may be noticed here.

At the mouth of t!.o French lliver are gray sandstones and shales,

containing a few Endogenites, Calamites, and pieces of lignite, impreg-

nated with copper ores. Beneath these appears a series of brownish

red sandstones and shales, with a few gray beds, occupying, in a

regular descending series, about six miles of the river section. They

contain, in a few places, nodules of copper glance (gray sulphuret of

copper) ; they are often rippled, and contain branching fucoidal marks.

On one of the rippled slabs I found marks consisting of four footprints

of an animal. They were three inches and a half apart, and each

exhibited three straight marks as if of claws. These were described

in 1843 ; and in the following year I discovered at the same place

another series of footsteps of different form. Neither of these were

sutfieiently well marked to give any definite information respecting

tin; nature of the animal that produced them ; but I am now convinced

that they must have been the traces of reptilian animals. In my paper

sent to the Geological Society in 1844, I find the following remarks :

—

" When examining the red sandstones near Tatamagouche last

summer, I found in one of the beds a few footmarks of an unknown
animal, specimens of which were sent to tiiis society. They were

mere scratches made by the points of the toes or claws, and therefore

could give few indications of the form of the feet which produced

them. Their arrangement, however, appeared to indicate that the

animal was a biped, and their form is quite analogous to that of the

marks left by our common sandpiper, when running over a Hrm sandy
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fieneral Mining Asf-nciation arc the lessees of tliis mine. The

quantity of coal sliippcd in 1851 was only 2400 chaldrons. In 18G4

it had risen to G053 tons, and in 18()G to 8-478. It was exported

principally to St John, New Brunswick.

T.aking into account the comparative thickness of the seams, and

the facilities for extraction and shipment, there can be no doubt that

tlie bed at present worked is the best in the section ; which, as wc
have already seen, is remarkable for the great number and small

thickness of its coal-seams. It seems certain, however, that some

uf the others, especially the principal beds in Groups XI. and

XIII. of the section, might bo mined with profit. Since the pub-

lication of the former edition of this work one of these, No. 29a of

the section, has been opened. The great disadvantage on the Joggins

coast is the want of safe anchorage for shipping, which can bo

protected only by expensive piers and breakwaters. Since the

expiry of the exclusive privileges of the General iMining Association,

attempts have been made to obviate this disadvantage by opening

mines on the banks of the llcbert and Maccan IJivers. Six com-

panies have opened works in this part of the district, under the

iianics of the " Victoria," " ^[accan," " Chiegnecto," " Lawrence,"

"St George," and "New York and Acadia" Mines. The beds which

they work appear to be of similar character with those of the Joggins,

of which they arc the direct continuation. It is questionable,

liowever, whether the shafts of these new mines have yet ojiened the

best beds of coal, nor does it seem certainly known with which of

the seams at the Joggins those opened correspond. At the Victoria

Mine, according to Mr lluthcrford, there are three seams. The
upper seam is sixteen feet above the middle, and this fifty-three feet

above the lowest. The upper seam is one foot ten inches thick, the

middle three feet, and the lower has three feet of coal divided by

two partings of fire-clay. These beds are probably on the horizon

of Coal-groups 29 and 30 of the coast section. According to the same

authority, the Lawrence ]Minc, which adjoins the Victoria on the east

side of llcbert River, has opened two scams of coal, each two fcot

six inches thick, and separated by a vertical thickness of twenty feet.

In the Maccan Mine, eastward of the Lawrence, two scams have been

opened, only one of which, two feet four inches thick, is at present

worked. The Chiegnecto, St George, and New York and Acadia

-Mines arc all on the same seam, which presents diflfcrent characters

from those in the above-mentioned mines. Its section in the

Chiegnecto Colliery is thus given by Mr Rutherford :

—
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permit it to be mined on a small scale ; and could a railway be con-

structed, it might be profit.ibly employed in smelting the rich iron

ores of the Londonderry niincH. Should railway communication be

cstablislicd between Cumberland and Halifax on the one side, and

New J}runswick on the other, this coal area would at once become

important.

The following assays .show the qualities of samples of Joggins and

Springhill coal examined by me ; but it must be observed that the

specimen from Springhill was from the outcrop of the seam, and

therefore probably injured by weathering.

Assay of Joggins Coalfrom the Main Seam.

The .specimen is bright coal of uniform texture, with straight joints

containing fdms of iron pyrites and calcai'eous matter.

MoLsture ..... 2*5

Volatile combustible matter . . 36'3

Fixed carbon .... 56'0

Reddish-gray ashes . . . 52

lCO-0

Assay of Springhill Coal.

The specimen is a compact coal, less bright than that of the Joggins,

and without films of pyrites, though it contains some sulphur intimately

mixed with it.

Moisture

Volatile combustible matter

Fixed carbon

Reddish ashes

.
1-8

. 28-4

. oG-G

. 13-2

100-0

From the character given of the Springhill coal by persons who
have used it, I should infer either that its quality has been overrated,

or that my specimen is inferior to the average quality.

The above assays show that the Joggins coal much resembles that

of Sydney, C.B., while the Springhill coal is more like that of Pictou.

See assays of these coals farther on.

The structure of the Cumberland coal-field warrants the expectation

that the Springhill seam may be traced toward the coast of Chiegnecto

Hay, perhaps to the vicinity of Apple River, where a very small bed of

coal has been discovered, and also in the opposite direction. Attempts

W>M
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which have been made by a mining engineer in tlio service of the

General Mining Association to effect the former of these resnlts, have,

however, been unsuccessful ; and it would ajjpcar that the beds in the

vicinity of Springhill are in a much more disturbed condition than

those on the Joggins shore.

In like manner, it is a perfectly fair inference that the seams whicli

appear in the coast section of the Joggins, must extend along tlir

northern side of the trough, far into the interior of the country

;

though whether they improve or deteriorate in their eastern extension

is not at present known. It appears certain, however, that the coal

meaisures arc less fully developed on the coast of Northumberland

Strait than on the western coast, and the seams which have hitherto

been found in them are very small.

It may, therefore, be inferred, that in the event of the interior of

the Cumberland district being opened up by railway communication,

the localities offering the greatest prospects of valuable discoveries

are,

—

1st, The line of country extending E.S.E. from the Joggins

toward the branch of the River Philip called Black River ; and, 2d, A
line extending east and west, and passing through Springhill.

Olai/ Ironstone occurs in the Joggins section and elsewhere, in

balls in the shales, and in irregular bands. None of these deposits

are at present of any economical importance; though, could smelting

works be established in coimexion with the Londonderry ores, a

considerable additional supjdy of clay ironstone could be procured

from the Coal measures, and might be of much value.

Gri7idstone is one of the most important productions of tlie Cumber-

land coal-field. I have already referi'ed to the mechanical qualities

on which this rock depends for its value. The principal localities of

the quarries are Seaman's Cove and Ragged Reef; the beds at the

former being below the productive Coal measures, those at the latter

above them. In smaller quantities, grindstones are obtained from a

number of other beds and reefs along the coast, and also from the

continuation of these beds on the estuary of the Ilebert River, and

from the geological equivalents of the beds at Seaman's Cove, where

they reappear in New Brunswick. Forty-six thousand four hundred

and ninety-six grindstones Avere made in Nova Scotia in 1861, the

greater part in Cumberland. Grindstones are also quarried in tlu;

sandstones on the eastern coast of Cumberland ; and at Wallace there are

valuable beds of freestone which have been quarried for exportation.

Limestone and Gypsum abound in the line of country extending

from Minudie to Pugwash and Wallace. The former especially occurs

in very thick beds at Napan River and at Pugwash ; and these arc

I
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also the principal localities of gypsum, which does not, however,

appear to be so abinuliuit in the Lower Carboniferous rocks of this

county as in those of Hants and Colchester.

A singular variety of limestone occurs in a number of places on

the Joggins shore. It is the black bituminous limestone, so often

referred to in the section. This substance, though not in sufliciently

thick beds to compete with the larger Lower Carboniferous limestones

for ordinary purposes, is the most valuable limestone in the county

for application as a manure, in consequence of the quantity of })hos-

phate of lime contained in it, in the form of scales and bones of fish.

In consequence of ii,s containing this valuable ingredient, it is worth

to the farmer more than three times the price of ordinary limestone,

and I have no doubt that it will bo extensively worked for agricultural

purposes, when the use of mineral manures becomes more genera 1

among the farmers of Cumberland. It is possible that ev(!n at present

the lime from the richest of these beds would be sufficiently appreciated

on trial to allow them to be profitably worked.

The soils resting on the Carboniferous rocks of Cumberland arc very

various in their quality, and run in lines across the county in corre-

spondence with the strikes of the groups of beds from which the

materials of the surface soils have been derive 1. Kicli loamy and

calcareous soils generally accompany the limestones, gypsums, and

marly clays and sandstones of the Lower Carboniferous system. The

soils of the coal measures vary from light and sometimes stony sands

to stiflf clays. The Upper Coal fonnation produces soils approaching

somewhat to those of the Lower Carboniferous series. Hence along

the nortli side of the Cobcquid Hills we have a broad band of good

soil, and a similar one extending across the northern part of the county,

while between these are alternate belts of poor and rich soils; almost

the whole, however, being sufficiently deep and frialile to be cultivalde.

The great fertility of the marsh-lands of the western coasts and

rivers, and the almost exclusive attention of the population on many

parts of tlie eastern shore to lumbering and shipbuilding, have caused

the value of the upland soils of Cuml>erland to be much miderrated

;

l)ut they arc now constantly rising in the estimation of llie people of

tlic county, and will do so more and more as improved methods of

cultivation become more gencr My diffused and appreciated.

p.hhj
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1. Gray sandrftone, often coarse and pel)l)ly, witli sliales and conglo-

nieratc, llopcwoll Ferry, etc. These beds [jcrlnips correspond to

the great sandstone ledges of Seaman's Qnarries, Joggins. They

nuiy be traced througli Albert County to the south-west lor a

considerable distance.

'2. Reddish sandstones and shales.

;). Limestone and gypsum.

I. lied sandstone and conglomerate.

;'i. Gray and dark-coloured conglomerate.

Cp. Calcareo-bituminous shales of the Albert Mine, Hillsborough.

These beds appear here to lie at the very base of the lower

Carboniferous .series. (See Section, Fig. GO.)

rig. 00.

—

(leiiinil Arniiiijemciit a/lhi: Sinita between South Jnnijiiin and Albert Mine.
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Avliich tlicy nppoiir only in ilctjifhcd patdics, tlic most wcstoni nf

vliic'li, oil tlu! coiiHt I'liHtwarcl of St .lolin, arc tlinsc oi' nimco luul

(liinliner'H Crork. On tlic noitlurn siilo these beds ociniity iv hroml

licit of country, extendin}^ nlon^' tlio vallcyH nl the PotiteoJiac mid

KennclxMdiaHis HIvcix, and in part limited nn tlie iiMi-tli-west liy anotlier

inctiuiior[)liie ridge, .stretcliing iVoni flie great area of sneli vnrku lying

on tlio St .liilin iiivcr to the oinineneo known as iUitternnt itidge.

The belt tliUH limited, and wliieli extcndH for nearly eighty miles, with

a breadth of from sixteen to twenty miles, appears to eon.-ist wholly

of beds of the three lowest divisions of the ( 'arl)(jnil'erous period. The

Lower Carboniferous (
'(jal measures and their associated conglomerates

skirt the northern side of the She[)ody range, and are succeeded hy

the marine limestones and gypsums. Tlies(( appear to be brought up

by an undulation in the middh; of the valley at Sussex N'ali', ami they

reappear on the north side of the Kennebeckasis, skirting the exterior

of the inotamorpliic belt of the Kingston series to Butternut liidge

already mentioned.

l)oul)ling around the mctamorphic pi'omontory near Butternut Kidge,

the Lower ('arboniferous outcrop extends in a narrow and scjincwiiat

curved band to the west, till it reaches (.)romoeto Lake and the Maga-

guadavie River, near the line of the St Andrew's Railway. It tluMi

bends sharply to the north-east, and, in so far as known, runs directly,

though with many minor curves and detached outliers, to the IJay de

Chaleur, skirting the margin of the broad Silurian area of northern

New IJrunswick. One of the most important outliers is that on the

Tobique Kiver.* In so far as this series has been examined, it has

been described by Professor ]Jailey and his associates-}- as comjiosed

of red conglomerates, red sandstones, and red shales, with beds of

limastone and gypsum, and in places penetrated and overlaiil by

trappcan rocks, by which some of the beds appear to have been con-

siderably altered. These eruptions of volcanic rock I suppose to be

of much older date than those of the Trias, and to be similar to those

which occur in the Lower (.'arboniferous of Nova Scotia, and which

will be described in the sequel.

From the above do:,^'''ption, it appears that the line of outcrop of

the Lower Carboniferous is bent upon itself, forming an angle of about

45°, each limb of Avliich extends for al)out 150 miles to the waters

of the Gulf of St Lawrence. The great triangular area thus limited,

except where connected with the Cumberland ai-ea in Nova Scotia by

an isthmus a few miles in breadth, includes an area of nearly OOOO

* Hind's Report, p. ()2.

f Kijiurt 1)11 (Jeology of .S<,utlit'ni Nuw ihunswick, ISOr).
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wfjimrc miles, iiiul is occuiiiud by rocks of the Coal foriniitioii. lliulc r

tlio^o rocks tlio Lower (Jarbuiiifcroiis beds no tloiil)t cxtoml ; uiitl in

Hoiiic Idciilitiort tlicy arc, in part cxpoHcd at tlin Hurliicc liy tbo Hliglit

niululatiiMis which alVcct the wi(h'ly (li.stril)iitcil and nearly liori/.nntal

beds ut' this extensive (.'oal rurination area.

In the Hrnt edition ol" " Acadian (Jcob);;y," I did not attempt any

j,'eneral (h'scri[)tinn td' tlie New JJruu.swick ('aritunilenins area; bnt

since tliat time tlio researciies ol' I'ruf'essdr Ihiiley ami ut' Messrs

i\[attiiew and Ilartt, and tliusc of Professor Hind,* with tiie facts

prcvionsly pui)lislicd by Sir VV. K. Logan, and those in tlie ^LS.

notes of tile lati! I)r JioliI), kindly phiciul in my hands l)y bis l)rotlier,

Mr ('. IJobl) of Montreal, liave given mueli aihlitional iniormation.

I have also had opportnnities of examining the fossil plants collected

hy i^'iv VV. E. Logan and Mr Hartt, and of visiting some additional

jiortions of this area. To enter into the details of the new matter finis

collected wonld far exceed my present space. 1 shall, under the I'ol-

lowing heads, merely endeavour to present some of the more important

facts and conclusions :

—

1. Structure of the Cual-Jicld af Xeiv JJrunsivich.

The coal area of New Rninswick is remarkable, as coniparcil with

Nova Scotia, for the flat and undisturbed condition of its beds, and

for the comparative i)revalenec of sandsti>nes. Indeed, in so far as

the appearances present themselves to a cursory observer, the whole

of the Coal formation area of New Brunswick nniy be characterized

as a flat expanse of somewhat coarse gray sandstone. Other beds,

however, are not wanting, as conglomerate, red sandstone, and shales

of various qualities ; but, fnjm the flatness of the beds and general

small elevation of the surface, they are not very obvious.

In attempting to estimate the thickness and relations of the Co;d

formation area of New IJrunswick, the tacts observed on the northern

const of the province, between Bathurst and Bay Verte, arc of the

utmost importance. I have not myself explored this region, having

seen it only at a few points; but Sir William Logan has given a

detailed section of a portion of it in the vicinity of Bathurst, and

much information is contained in the MS. notes and sections of the

late Professor llobb of Frederickton referred to above.

Near Bathurst, the Lower Carboniferous or " Bonaventuro " For-

mation, as it has been named by Logan in its extension into Canada,

is represented by thick beds of red and gray conglomerate, including

* " Observations on the Geolofry of Southern New Brunswick," by Professor Hailcy,

•M.A. ; Preliminary Report, by II. Y. Ilinil, M.A., etc.
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jiatcli of micaceous red sandstone, wliicli appears to be an outlier

of the New Red Handstunf of Prince Edward Island. Bay Vertc

presents another slight synclinal undulation, continuous apparently

with that which apjjcars at Dorchester Terry; and south of this is

the anticlinal v.hich brings up the Low ,.• Carboniferous limestones of

Northern Cumberland, and which limits ihc coal trough of the Joggins

in Nova Sci>tia.

'I'hc coast section above described, as given in Professor Kobb's

manuscripts, is included in the general section attached to the map,

to which the reader is referred.

It would appear from this , :i ion, conipared with those farther iidaud,

as, for exam[de, in the vicinity of Fredcrickton, that in the northern

and wesiern part tf the New IJrunswiek coal area the Lower Carbon-

iferous Formation is little developed, except in the form of grits and

conglomerates; and that the greatest (hnelopment of the calcareous

members of the Lower Carboniferous a.id of the Lower Carboniferous

Coal measures occurs in the southern part of the area, the principal

exception being the occurrence of limestone and gypsnin in theTobiquc

outlier. The same doficiency occurs in Nova Scotia on the northern

side of the Cobeqnid Hills.

In the next place, in so far as ascertained, the Coal formation proper

appears in New Brunswick to have a less thickness than in Nova

Scotia, and to include only two principal coal groups—one near the

base, and the other near the sunnuit. To the former, I refer the

coals of the coast near Bathurst, of Richebucto, and of the vicinity of

iMcderickton, unless, indeed, the upper members of the series thr.'e

overlap and conceal the lower; to the latter, those of Miramichi,

and possibly those of Cocagne and Cirand Lake. This would accord

also ivi'h ,5ucli evidence as fossils afford, since, as I liave elsewhere

shown,* .he plants of the Coal measures near Bathurst have a Lower
il-io^ f(,rination aspect; tho.se of (irand Lake are more akin to those of

U:i Upper Coal formation.

On the one hand, the great uniformity of the New Brunswick

area, so far as observed, would lead to the belief that these exposures

represent fairly its available resources of coal, which, in that case, are

great as to area, but insigniticant as to thickness, and consequently as

to productive value. On the other hand, it is quite possible, judging

from the analogy of other countries, that there may bo portions of this

area as yet unexplored, in ^vhicli mineral fuel may have been more

bountifully produced. Farther, as the C'rand Lake beds seem to

I'clong to the Upper series, and borings already made would indicate

that the Lower series may be reached there, it would be desirable that

•• ".Syniipsi> of tlu! Ciirboiiit'erdiis Flora."
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ofri'ctual ineasurcs sliould bo taken to ascertain tlie'ir actual value,

either Ijy boring or by searching for their outcrops, and also that tlie

Grand Lake beds themselves should be proved in their extension both

cast and west. In Nova Scotia very remarkable changes of thickness

occur in the coal-beds in tracing them from one locality to another:

and though this is perhajis less likely in New Jirunswick, yet it is

quite possible that more valuable beds than any yet known may exist,

more es])ecially in the central part of the area, where the great flatness

of the beds and their general covering with soil and forest have pre-

vented any effective ex])luration.

I have not had an opjjortnnity of visiting the coal mines at Grand

Lake ; but, from a paper read by Mr INIatthcw before the Natural

History Society of New J5rnnswick, it appears that mining is pro-

secuted at two places,—Coal Jiidg(! and Coal Creek. At the former

place the coal is found in a bed nineteen inches in thickness. At the

latter the thickness is only seventeen inches—the distance between

the two localities being three and a half miles. Only one l)ed appciu's

to have been discovered. The dip of the coal is to the southward at

a very small angle.

Mr Maitjiew states, in addition to the considerations above mc tlone'l,

the very important fact, that older slates are found cropping out lo ti,e

surface about ten miles from the mouth of Coal Creek. This would

indicate, as he states, that the Coal measures may be very shallow at

this place. It gives, however, a i)robal)ility that the coal-beds may
vary in productiveness on difterciit sides of such an islarid of older

rocks, as is observed to be the ease in Nova Scotia. In otlier words,

if the New Brunswick coal area is traversed by buried ridges of older

rocks, these may divide it into 'Uibordinatc areas of deposit, some of

which may be much more valuable than others.

In conclusion, I would venture to express the opinion that the

question as to the actual value of the coal area of New Brunswick can

be settled only by the slow jirogress of accidental discovery, or by

boring operations undertaken in those places where the upper series of

coal-beds makes its ap})earance ; and that the analogy of the Nova

Scotia coal regions would indicate that the probability of the occur-

rence of large l)cds will be greatest along the southern side of the coal

area, and where the Coal measures approach most clo.s. ly to the older

rocks. Of course, it would be useless to bore so near to these last that

only the lower part of the Carboniferous series would be penetrated.

It is where indisputable indications exist of the presence of the upper

portion of the Coal measures that such trials should be made ; and the

best scientific advice as to locality should be secured before entering

on expensive operations.
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2. Tiif Lowrr CarfjoniferoHs Coal Formation i)i Xew Ilriinswick.

Tliis reii'iiarkablc gnuip of rockj;, wliich does imt appoar, sd far as

known, in the coal area of Cumberland, though it is developed in other

parts of Nova Scotia, appears in New Brunswick to he of considerable

tliiokncss, and can be traced from the neighbourhood of Dorchester for

Mjmc distance along the north side of the coast range of nietaniorphie

iiills. It is characterized by the same species of fossil plants as at

llorton Bluff in Nova Scotia, and, like the beds at that j)lace, these

arc rich In remains of iislies. They dit'fcr, however, from the ro(d<s of

similar age in Nova Scotia by the remarkable development of highly

liituminous sliales in connexion with considerable deposits of an

asplialtic mineral, to whicii tlie name " Albcrtite" has been given,

and whicli is highly valued as a material for the manufacture of coal

oil and illununating gas. I examined these de[)osits in 18;VJ, in the

company of Sir Charles Lyell, and shall first give, without any

material alteration, the account of the locality as I then saw it, and

as it Avas described in the first edition of this work, adiling a sum-

mary of more recent observations, and the new conclusions to Avhich

they lead.

Albert Mine, Hillsborough.—The beds at this place arc thin-bedded

sliaies, composed of extremely fine indurated clay witli much bitu-

minous matter. Some of tlicm contain much lime, and when tins is

dissolved away by the weather or by an acid, the Ijituminous matter

remains in tlic form of light porous ^akes, resembling half-decayed

hark. These shales contain great numbers of fossil fishes in a remark-

ably perfect state. They are fiatliiied by pressure; but their forms

are perfectly preserved, and the fins are as jjcrfect as they were in life.

They belong to the genus Palaoni^cits, and are probably identical

with some of those in the Coal formation of Nova Scotia (Fig. 02 i,

\{ h

-I'alironiKi )in Alhi li .lack.sim.

.t' I ^1
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liut they have been buried in such a manner that every scale is in its

place, instead of being scattered about, as at the Joggins and in the
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one of the most reguhir beds I found to be S. 18° W. magnetic.

Many of the shales contain scales of fish, and one of them has a

Fig. G3.

—

Arched Strata, iieur

Albert Mine.

Fig. 64.

—

Bent Strata, near

Albert Mine.

peculiar oolitic .structure, consisting of a laminated basis of impure

coaly matter or earthy bitumen, with crystalline calcareous grains,

wliich are removed by weathering, and leave a light vesicular

inflammable residuum of very singular aspect. The shales are in

some places remarkably bent and ontorted, as if by lateral pressure

when in a soft state. A part of one of these flexures is accurately

r"pre.sented in Fig. 64, and illustrates some appearances in the mine

to be subsequently noticed.

'• The principal shaft has been sunk perpendicularly from the

outcrop of the coal, and at its bottom is sixty-seven feet south

of it The gallery connecting the bottom of the shaft with the

coal shows thin-bedded bituminous shales with calcareous and

ironstone bands and concretions, dipping at tlie end nearest the

coal S.S.W., at an angle of 60°, though a dip to the S.E. is more

prevalent along this side of the mine. The coal at this place is about

ten feet in thickness, and its upper surface dips N.W. about 75°. On
the S.E., or under side, it rests against tliv edges of the somewhat

contorted beds already noticed as dipping to the southward, and on

the north-west side it is overlaid by similar bods dipping in the same

direction with tlic coal, but so much contorted as to ])vesent on the

small scale a most complicated and confused appearance. The coal

itself, as seen in mass underground, presientH a beautiful and .'lingular

appearance. It has a splendent resinou? lu-jire and perfect conchoida!

fracture
; it is perfectly free from mineral charcoal and lines of impure

coal or earthy matter. It is, however, divided into prismatic pieces

by a great number of smooth divisional jdanes, proceeding from wall

to wall, much in the manner of the cross >tructure seen in carbonized

trees, and in the streaks of pitch-coal in the ordinary coals. At the

N.W. side or roof, the coal joins the rock without change. On the

S.E. side, on the contrary, there is a portion of coal a few inches thick.

'I.
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Fig. 156.

—

Section of the

hc<h id the East cndnf

Albert Mine.

similar to that represented in Tig. (54, and accompanied by a partial

tearing asunder of tlie beds. It sccnis evident that the beds must

have been in a soft state at the time when this disturbance occurred,

although there may have been subsequently some vortical shifting,

especially on the west side of this ' Jog,'

"Beyond this flexure, the deposit contracts in width, and becomes

more regular, and eventually its containing walls assume a conformable

(lip to the H. 5° E., at an angle of G9°. The appearance presented at

tiic time of my visit in the extreme end of the most advanced level, is

represented in Fig. G6, where it will be observed that the S.E. wall

still shows indications of the prevailing contortions of the bed. , and of

the manner in which these cause the cuds of

strata to abut against the coal.

" At this place, an exploratory level, driven to

the S.E., shows a scries of bituminous shales,

with bands of ironstone, dipping regularly to the

south-eastward. I could not, in any part of the

mine, find beds corresponding to the Stigmaria

undcrclay of ordinary coal-seams, though on the

S.E. side some of the beds arc of a more compai;t

and purely argillaceous character than those on

the N.W. side or roof of the seam. The ironstone

bands and fi.sh-bearing shales are, however, not

very dissimilar from those in some Coal measures of the ordinary Coal

formation. They present no indications of metamorphism or of the

[)assagc of heated vapours, and all their appearances show that their

bituminous matter iias resulted fjom the presence of organic substances

at the time of thei." deposition.

" It is evident t.'u\t all the above phenomena can be explained on

tlie supposition that ihis coaly mass occupies a fissure running along

an anticlinal bend of the strata ; and that, apart fnjm the character of

the mineral and the con^1iuing beds, this would be the most natural

explanation. On the other hand, when we consider the contorted

condition of the beds, indicatiiig disturbance when in a soft state, and

the slickenside joints, pointing to subsequent shifts, wo cannot refuse

to admit that a conformable bed of true coal, if subjected before and

after its consolidation to s.ich movements, might present all the

appearances of complication and disturbance observed in this mass,

more especially if originally of small extent, and thinning out toward

the edges. On this view we should have to suppose,—(1.) Disturbance

and contortion of the beds while soft, and, at the point in question, a

regular and somewhat abrupt arching of the beds; (2.) A fault throwing

i|J

^ i
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down tlic south side of the arch along a line coinciding in part of its

course Avith the highly inclined underside of the coal at the north side

of the arch
;
and (3.) Kenioval of the ui)i)cr j)art of the nortii side of

the arch by denudation. Fig. G7 represents the appearances whicii

would thus be iiroduccd, and it will be seen that they very closely

correspond with the present condition of the deposit, not excepting its

thinning toward the surface. If this

be the true explanation, it is i)robable

that the sunken soutli side of the bed

has not yet been reached in the ex-

cavations. It might, however, in

approaching it from above, show a

succession of wedge -fihaped included

raas.ses of rock or "horses," one of

which I saw in the floor of the lowest

level. On this view, also, the ' .Jog
'

or fault above described may be a lateral bend received by the bed

in the original contortion of the strata ; and at this point the straight

fracture, producing the supposed downthrow, may have left the bed,

and thus caused the ajjpearance of the vein running in the former

course of the bed along the line of fault, and also the greater regularity

of the bed beyond the 'Jog.' This explanation is represented in

Fig. 68."

As many readers of this work

may be interested in the controver-

sies respecting this mineral, I may
shortly mention its physical and

chemical properties, and the results

at which I have arrived respecting

its nature and origin.

The substance has externally an

appearance not dissimilar from the

ordinary asphalt of commerce in its

purest forms ; but it is very much

less fusible, and differs in chemical

composition. Its fracture is conchoidal. Its lustre resinous and

splendent or shining. Its colour and the powder and streak on

porcelain, black ; and it is perfectly opaque. It is very brittle and

disposed to fly into fragments. Its hardness is 3, nearly, of Mohs'

scale. Its specific gravity is 1'08 to I'll (according to Jackson and

Hayes). It emits a bituminous odour, and when rubbed becomes

electric. In the flame of a spirit-lamp it inturaesces and emits jets of

Fig. 68.—nc ''Jog" at Albert Mine,

and its sni^poscd relation to the line of

fattlt.
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gas, but does not melt like asphalt. In a close tube, howevei, it can

be melted with some intumescence. In the above characters, with

the exception of the colour of the powder, it agrees more nearly with

tiic finer varieties of .7e^ or Pitch-Coal, than with any other substance.

For this reason I made comparative trials of its composition and that

of specimens of j.)t from Whitby, with the following results:

—

Albert Mineral. Whitby .It-t.

Water .... -4 \b
Volatile combustible matter . >)l-2 .OT'l

Coke '12-4 41-4

1000 1000
Ash in coke ... -27 40

These results indicate a remarkable similarity in the proportion of

volatile and fixed combustible matter; an ultimate analysis miglit,

however, establish important diiferences of detail.

If we compare the *^ Albcrtik," as it has been named by persons

desirous of not committing themselves, witii the substances most nearly

allied to it, we can scarcely avoid arriving at the following conclu-

sions:—In its behaviour in the fire, chemical composition, and electrical

properties, the substance is nearly allied to jet, from which, however,

it differs in its extreme brittlcness, its greater uniformity of texture,

and more perfect lustre and fracture, and also in its black streak : a

character whicli also separates it from ordinary bituminous coal and

all the varieties of asplialtum. Its nearest analogue in this last

particular is Lesmahagow cannel. Its lustre and fracture remarkably

assimilate it to the finer varieties of asphalt, ! at its streak, mode of

combustion, and eiiemiciil composition, oiT^'apHy separate it from

tlieni. On the whole, the fibove considerations, in connexion with a

number of experiments made by Jackson, Hayes, and others, and

published in the Reports on the minertil, place the .sulistance at the

head of the Pitch Coals or Jets, as the purest variety of that species

of bitiuninous coal. It has, however, some claims to be viewed as a

distinct mineral species, intermediate between coals and as])halts; and

I suspect that its chemical composition may approach to that of

Asphaltejie, the coaly ingredient of the Asphalts.

Under the microscope, I have not been able to detect any organic

structure, though I have found in some .slices cells filled with yellow

resinous matter, similar to those that occur in cannel-coal. Mr Bacon

of Boston, however, states (in Jackson's Report), that he has found

traces of cellular tissue ; but Professor Quekett of London, after

examining many specimens, eonsiders it destitute of organic structure.

t
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Sonic spoeiinons of tlio minoml arc liuninatod, and liavc brilliant

discs about u line in diiunctcr on the siiifiices of the liuiiinre. Undor

the microscope, these discs exhibit very fine concentric and radiating

lines, bnt they arc merely concretionary, and in I'icton coal such discs

Homotiniofl occnr in an oblique position as regards the laminafiun.

The Albcrtite has been declared to be free from sulphur; bnt miiintc

concretions of ironstone and iron pyrites occur in it, and films of imn

pyrites line some of the fissures of the containing beds. These

api)earances arc, however, rare.

In iiifpiii'inR into the origin and mode of formation of the deposit,

the following alternatives present themselves:—(1.) It may have b^on

a bed or sheet of bituminous matter, thiiming out at the edges, like

that in Kent, U.C., described in the Report of the Canadian Survey

for 1851-2,* and probably produced by the oxidation and hardening

of the liquid produce of naphtha-springs. (2.) It may be bituminous

matter melted by internal heat or iluid at ordinary temperatures, like

petroleum, and poured into an open fissure, and subsequently consoli-

dated, as was jjcrhaps the case with the chapapote of Cuba.-j- (.3.) It

may, like jet and other coals, have resulted from the bituminization

of woody matter. With respect to these several hypotheses, I can

merely state the probabilities which occur to me from the facts already

known, and which may of course be greatly modified by the more

perfect exploration of the deposit.

On the first of these hypotheses, though there is no great improba-

bility in supposing the deposit to have been a conformable bed, it docs

not seem likely that so large and extremely pure a mass of bituminous

matter could be a deposit from springs, or that, without alteration of

the containing beds, it could have assumed an aspect and consistence

so much akin to those of coal. It also seems difficidt on this view to

account for the deposition, in waters tenanted by fish, of the accom-

panying laminated bituminous shales.

The second view requires us to suppose that, after the crumpling

and contortion of the beds, and the production of an open fissure, an

underlying portion of the bituminous shales was exposed to heat and

pressure, which caused its bituminous ingredient to be melted, forced

upward, and consolidated in the upper and unaltered portion of the

beds, or that the more liquid bituminous matter naturally oozed out of

the containing rocks. This would account for the occurrence and

most of the appearances of the coaly deposit ; but we must of course

still suppose that the bituminous matter was originally produced

during the deposition of the shales, probably from organic matter,

* Page 90. t Taylor, Statistics of Coal.
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Some countonanro is given to this view by the existence of petroleum

sjjrinf^.s nt present in tiie contiimiUlon of the Siiine ileposit, and l)y tiie

prcseuco of minute lissures filled witli the minenil, wliieh might,

however, bo oxphiined on the suppoHition of pressure exerted on a

.soft or scmiduid bed.

The hypothesis of formation from woody matter, after the manner

of coal, is also accompanied with serious dilHcultics. The composition

of jet and of recent bituminous coal found in peat-bogs, prove the

possibility of this mode of formation ; and this is certainly the most

natural way of accounting for the production of the coaly aiid bitu-

minous matter of the containing beds; but large and pure beds of

coal arc nsually accompanied by evidences of growth in situ, and

accumulations of drift-trunks arc usually loaded with earthy matter,

while none of these conditions exist in the deposit in rpiestion. The

want of the first is, however, perfectly consistent with the long and

perfect decomposition implied in this view, as well as in the homo-

geneity of the mass, and the abundance of bitumen in the contairung

shales ; and in a deposit containing so little evidence of strong currents

or violent changes, it may not be unreasonable to suppose that drift

vegetable matter may have accumulated during long i)eriods in clear

water. In connexion with this it is worthy of rcnuirk, that the com-

l)arative absence of iroi\ pyrites, in connexion with the presence of

large quantities of carbomxte of iron in the shales, jinircs" that these

beds were dej)osited in fresh and very pure water, if it be admitted

that their bitumen resulted from the decomposition of organic matter,

Neither is the great purity of the mineral an evidence against "ts

accumulation in the manner of ordinary coal, since varieties of coal

almost equally jmrc have long been known. {- On this view, then,

which is perhaps the most probable of the three, the Albert deposit is

a fresh-water formation of a very peculiar character, belonging to the

Lower Carboniferous period, and very singularly distorted by mechanical

disturbances.

The above was the impression on my mind in 1855 as to the origin

of the Albertite. Now, in 18()7, I confess that it is somewhat modi-

fied. The subsequent explorations of the deposit have given to it

more unmistakably the aspect of a vein or fissure. The remarkable

veins of altered asphalt which 1 have seen in the rocks of the Quebec

group at Point Lcir, have afforded a parallel case more distinct in

its character. All the more recent explorers who have visited the

* Sec paper by the writer on the " Colouring Matter of Red Sandstones," in Pro-

ceedings of Geological Society,

t See Assays in Taylor's Statistics of Coal.
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locality—Hitchcock, Bailey, and Ilind more especially—have adopted

the theory of a vein filled with bituminous matter. I regard therefore

this mode of occurrence, or the second of those above mentioned, as

established, and it only remains to consider whence the supplies of

liquid bitumen could have been obtained. I have no hesitation in

assigning them to the highly bituminous Lower Carboniferous shales.

These beds are manifestly of the same character with the so-called

"oil coals" of Nova Scotia, and the earthy bitumens of Scotland.

They must have been beds of mud charged with a great quantity of

finely comminuted vegetable matter, of the nature of peaty muck,

which has become perfectly biturainized, and which probably in an

earlier stage of its formation was more prone to oo.^e into fissures as

a liquid petroleum than at present. The deposit of the Albert Mine

would thus be a vein or fissure constituting an anuient reservoir of

petroleum, which, by the loss of its more volatile parts and partial

oxidation, has been hardened into a coaly substance ; and the examples

of similar phenomena which I have seen in Canada induce me to believe

that the agency of internal heat would not be required to produce the

observed result. It is true that one able observer has supposed that

the supplies of petroleum from which the Albertite has been formed,

have been afforded by the underlying Devonian beds ; but no evidence

exists of the occurrence of bituminous matter in these rocks in New
Brunswick. The peculiar Corniferous limestone which is the reservoir

of petroleum in Canada, does not occur in New Brunswick, and the

Lov^er Carboniferous .shales themselves contain abundance of the

material required. In this view, though the Albert shales are Lower

Carboniferous, the vein of Albertite must have been formed at a later

period, after the beds had begun to experience disturbance. In this

as in other respects the deposit of this curious mineral differs remark-

ably from ordinary coal, which always constitutes conformable beds

contemporaneous with the enclosing strata.

With regard to the original formation of the shales, their lamination

and their great thickness, as well as the nature of their material, show

that their formation was gradual, and probably occupied a long period.

I do not regard the state of preservation of the fishes as any objection

to this. They may have been killed by occasional eruptions of mud
loaded with organic matter rendering the water unwholesome. When
once embedded in mud of this character, their parts could not be

separated, and even their soft tissues might be preserved, as in modem
peat, for a long time. The swarms of cyprids which devoured dead

fishes in other parts of the Carboniferoua areas do not seem to have

been present. Farther, though in some layers the fishes occur in a
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perfect state of preservation, in the greater part of the deposit they

arc found to be represented only by scattered scales. On the sup-

position that the shales themselves represent what may be called

vegetable mud, this may have accumulated in water at times sufficiently

pure to be inhabited by fishes, while at other times streams or inun-

dations of muddy water may have caused the destruction of the fish

in certain localities. The conditions may in this way be compared to

those represented by the calcnreo-bituminous shales at the Joggins.

The best exposure that I have seen of the Albert shales is on the

Memramcook River, where they present a continuous cliflF for some

distance, exhibiting beds of brownish and black very pure grained

shale, all highly bituminous, though of various degrees of richness.

The stratification is apparently arched, the crown of the arch being

capped with conglomerate, in which are slender asphaltic veins. The

tliickness of shales observed at this place was estimated at 150 feet.

Westward of the Albert Mine, it would seem, accoi-ding to Profes-

sor Bailey, that two or more bands of calcareo-bituminous shale extend

along the base of the metamorphic hills, or possibly there may be

repetition of the Albert shales by folds along parallel lines. Professor

Bailey mentions their occurrence at Baltimore, six miles west of Albert

Mine, also at Elgin and PoUet River. At the former place, fish-teeth

of the Rhizodont type and Lepidodendron corrngatum were found

by Mr Ilartt, giving the character of the fossils here a very strong

resemblance to those of Horton Bluff. Still farther westward, the

shales occur at Sussex, at Trout Creek, and, lastly, at Norton, fifty

miles westward of the Albert Mine. In these more western localities,

however, the Albertite has not been found in workable quantities.

Springs yielding petroleum flow from these rocks in various places,

and attempts have been made to obtain the substance in profitable

quantities, but hitherto, I believe, without any encouraging amount

of success.

M

3. Fossils of the Carboniferous District ofNew Brunswick.

I give here merely a list of the plants determined by myself, prin-

cipally from the collections of Mr G. F. Matthews, Mr C. F. Ilartt,

and Sir William E. Logan, Avith a few animal fossils noticed by Mr
Hartt in the Appendix to Bailey's Report on New Brunswick. It

will be observed, in connexion with the previous statements, that the

plants from Bathurst and Bale de Chaleur are supposed to belong to

the lower set of coal-beds in the Middle Coal measures ; those from

Grand Lake and Mirauiichi to the upper set of beds.
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FOSSIL PLANTS.

(a) Middle and Upper Coal Formations.

Dadoxylon matcriarium, Dawson, Miramichi.

Dadoxylon Acadianum, Dawson, Dorchester.

Calamodendron approxirnatum, Brongnt, Coal Creek, Grand Lake.

Antholites rliabdocarpi, Dawson, „ „ „ „

Calamites Suckowii, Brongnt,Q,od\ Creek, G randLake ; Gardner's Creek.

C. Cistii, Brongnt, Coal Creek, Grand Lake ; Baie de Chaleur.

C. nodosus, Schlot. „ „ „ „
C. cannaeformis, Brongnt, Gardner's Creek.

Asterophyllites grandis, Sternberg, Coal Creek, Grand Lake ; Baie de

Chaleur.

Annularia sphenophylloides, Zenker, Coal Creek, Grand Lake ; Baie

de Chaleur.

Sphenophyllum cmarginatum, Brongnt, Coal Creek, Grand Lake;

Baie de Chaleur.

S. saxifragifolium, Sternberg, Baie de Chaleur.

Cyclopteris (Nephropteris) obliqua, Brongnt, Coal Creek, Grand Lake.

C. (? Neuropteris) ingens, L. S,' H.

Neuroptcris rarinervis, Bunbury, Coal Creek, Grand Lake; Baie de

Chaleur.

N. gigantea, Sternberg, Coal Creek, Grand Lake.

N. Loshii, Brongnt, Gardner's Creek? Baie de Chaleur.

N. Ruriculata, Brt. „ ,,

Odontopteris Schlotheimii, Brongnt, Baie de Chaleur.

Sphenoptcris munda, Dawson, Coal Creek, Grand Lake (Fig. 69).*

S. latior, Dawson, , „ ,, „ „ (Fig. 70).

S. gracilis, Brongnt,

S. artemisifolia, Brongnt,

S. Canadensis, Dawson, Baie de Chaleur (Fig. 71).

S. obtusiloba? Brongnt, „ „
Alethopteris lonchitica, Sternberg, Coal Creek, Grand Lake.

A. nervosa, Brongnt, Baie de Chaleur.

A. muricata, Brongnt, Bathurst.

A. pteroides, Brongnt, „
A. Serlii, Brongnt, Baie de Chaleur.

A. grandis, Dawson, „ (Fig. 72).

Beinertia Goepperti, Dawson, Coal Creek, Grand Lake ; Baie de

Chaleur.

* Fies. 69 to 73 represent some interesting ferns and a Noeggcrathia characteristic of

or peculiar to the Coal Formation of New Brunswick.

»
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Fig. 70.— SphenoptertH latior.
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Fig. G9.

—

SplienopUrin

mxindti.

(a) Pinnule magniliod,

Fifj. 71.

—

SpJicnopteria Cunaileiwu.

{a) Pinnule magnified.

(o) Pinnule magnified.

Fig. 72.

—

Alethopleris gr ndis.
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Palffioptcris Ilarttii, Dawson, Coal Creek, Grand Lake
Lepidodendron Pictoensc, Dawsnn, „
Lepidostrobussquamosus, Dawson, „
Cordaitcs borassifolia, Corda,

,,

C, simplex, Dawson,
„

Cardiocarpum bisectatum, Dawson, „

Newcastle River, Grand Lake,

Baie de Chalcur.

Newcastle River,

»

Fig. 73.

—

Kceggcrathia diapar. Halfnat. sine.

Nceggerathia dispar (Fig. 73), Dawson, Baie de Chaleur.

Halonia? sp. ? Dawson, Coal Creek.

{b) Lower Coal Formation—{Horizon of the Albert shales, etc.).

Ci/clopteris Acadica, Dawson, Norton Creek.

Lepidodendron corrugatum, * „ „

Cordaites borassifolia Corda, Albert shales. (Figured in .Jackson's

Report.)

FOSSIL ANIMALS.

Mr ITartt mentions (Appendix to Bailey's Report) that the only

animal fossils he has found in the Coal measures are Spirorbis carbon-

arivs, attached to plants, and coprolites of fishes. In the Lower Car-

boniferous Limestones he has observed fossils of most of the genera

to be noticed in subsequent pages as occurring in these beds in Nova

Scotia; but they have not been examined as to species, which, however,

in so far as my observation extends, are identical with those of Nova

Scotia. Dr Jackson has named and figured three species of Pala;o-

niscus from the Albert shales. One of these is represented in Fig. 62

above ; and I have seen another specimen which appears to belong to

a second of this species, but the figures and descriptions are not suf-

ficient for their certain determination.

* See Figs. 74, 75, and 76 below.
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4. Useful Minerals of the Carboniferous District ofNew Brunswick.

The information under this head has been kindly communicated to

me by Professor Bailey, of King's College, Frcderickton.

Bituminous Coal.—Though covering so large a surface area, or

more than two-thirds of the entire extent of the province, the Carbon-

iferous or coal-bearing rocks of New Brunswick have afforded as yet

but little promise of large or valuable deposits of this most important

product. With the single exception of the beds at Grand Lake in

Queen's County, which arc but 22 inches in thickness, no stratum of

bituminous coal, sufficiently large or pure to be profitably worked, has

yet been discovered. Nor can the prospects of future discoveries be

regarded as very encouraging. The following are the more important

facts from which this conclusion may be drawn :

—

\st^ The strata of the New Brunswick Coal-field are nowhere greatly

disturbed, the beds being nearly horizontal and continuous over wide

areas. Borings or other explorations therefore at various points

afford an approximately accurate idea of the whole district. Such

borings, undertaken at Grand Lake in 1837, affirmed the existence, at

the depth of about 250 feet, of a second bed of " bituminous whale and

coal," eight feet in thickness ; but as prominence is given to the shale,

and the relative proportion of each not stated, the observation is of

little value. Similar borings have more recently been made on the

Cocagne River in Kent County, where the foi-mations resemble those

of Grand Lake, to a depth of 410 feet. Several small seams of coal

were passed through, the largciit of which was about 31 inches (or

more correctly 19 inches and 12 inches, with 12 inches of freestone

intervening),* but the results were n^^t such as to justify farther

exploration.

2df, The whole foi'mation, though of great superficial extent, his

apparently but slight thickness. This is evidenced in two ways : Is^,

By the fossils of the associated beds, which, according to Professor

Dawson, indicate the admixture of the floras of several different

liorizons ; and, 2rf/y, By the fact that in the Grand Lake district, as

shown by Mr C. R. Matthews, the rocks of the Coal measures are

penetrated by those of the older metamorphic formations upon which

they rest. With strata nearly horizontal in position, and having

apparently but slight thickness, the borings already made give little

promise of future discoveries of great value.

To these general conclusions, however, it is but right to add, that

* For this information I am indebted to Mr Edward Allison of St John, by whom
these explurations were undertaken.
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but a small proportion of the entire coal-field has been made the

subject of accurate examinations, and these, for the most part, have

been confined to its central and southern portions. The cai>tern coast

region, and certain detached areas near the Bay of Fundy, may yet

prove more productive than the regions hitherto examined. It follows,

moreover, from the nearly horizontal character of the formation, that

such beds as do exist may have a wide lateral extension, and if at a

moderate depth, may be removed, as is done at Grand Lake, at a

comparatively trifling coast.

The coal of Grand Lake, as well as of all the other outcrops yet

observed in the true Carboniferous formation, is the ordinary bitumi-

nous or caking coal, capable of ready ignition, but requiring frequent

stirring for complete combustion. While not so well adapted for

household use as the foreign imported coals, it has, from its com-

parative cheapness (3>4 to i^o per ton in the market of St John),

attained a local consumption of nearly 6000 chaldrons annually, and

for manufacturing purposes is preferred to any of the imported coals.

About 1000 tons of this coal were exported in the year 1865. It is

capable of yielding 8500 cubic feet of gas per ton, but of inferior

quality, and is not employed for this purpose.

The raising of this coal has heretofore been undertaken by many
separate parties, and by a rude system of quarrying. It is now
proposed to undertake operations of a more systematic kind, preceded

by a preliminary boring, the results of which, it is hoped, will give a

more accurate idea of the real value of the coal-field.

Table of all known Out-crops of Bituminous Coal in the Province of yew
Brunswick equalling or exceeding five iiKhes in thickness.*

* Extracted froai Bailey's Report.

County.
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Table of all known Out-crops of workable Bituminous Ulutle and Asphaltum,

County.
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power. In the latter case, where other coala are at the same time

employed, there is left as a residuum a valuable coke.

Numerous attempts have been made to obtain Albertitc from other

localities than that above alluded to ; but though the mineral has been

found, and operations have been begun at several points, these latter

have not as yet met with any marked success. The peculiar nature

and origin of the substance, and the uncertainty attending all subjects

relating to mineral carbons, may be one cause of this result. As,

however, the accompanying and very characteristic shales have been

traced over a wide extent of country, and have been observed to

contain Albertitc, though in small quantities, at points more than fifty

miles remote from each other, it is reasonably hoped that other

workable deposits will yet be found.

Bituminous Shales.—These, as above stated, occupy a wide extent

of country, having been traced, in more or less parallel bands, from

Apohaqui station, near Sussex, to Dorchester, in the county of

Westmoreland. The amount of bitumen contained in them is very

various, that of the " Black Band " or richest bed at the Caledonia

Works, in Albert, yielding 63 gallons of crude oil per ton, while those

on the Memramcook, in Westmoreland, yield only 37. Numerous

leases have been taken out within the last year for operations on

these shales, both in Albert and Westmoreland, a company in the

latter being about to erect 100 retorts, with the design of subjecting to

distillation 100 tons of shale per diem. This is at present regarded

as more profitable than to export the shale for distillation abroad,

especially to the United States, where it would necessarily come into

competition with the immense production of natural oils in that country.

1230 tons of shale were exported in the year 1865, of the value of

»3075. The " Black Band" shales of Caledonia will yield 7500 cubic

feet of gas per ton (about one-half of the quantity yielded by tlie

Albertitc), but leaves as a residuum a bulky and worthless ash.

Petroleum.—Springs containing an admixture of mineral oil or

petroleum have been observed at several points in the Carboniferous

districts, on the sides of the Petitcodiac Eiver, in Albert and Westmore-

land counties, and borings have been undertaken, but the amount of

oil so far obtained has not proved sufficient to be remunerative. The

latter is sometimes fluid, floating on the surface of the water ; in other

cases, hardened by exposure into a sort of mineral pitch termed

" maltha."

Common Salt.—Saline springs, containing variable proportions of

common salt, occur in the rocks of the Lower Carboniferous series, at

a variety of points, and especially near Sussex, on the Salt Spring

4
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Hrook, ill the pari.sh of Uplmm in Westniorchuid, nnd on the Tobiqiio

in Victoria. No beds of roek Halt have been observed, nor is it known

at what depth the saliferous strata may be Oaind. Salt has long been

made by the evaporation of the brines from rpham and Sussex, and

is of cxeellcnt quality, but the works have heretofore been conducted

upon a very limited scale.

Cri/psnm (Sulphate of Lime).—Tliis is a very abundant mineral in

New IJrunswiek, the deposits being numerous, large, and in general

of great purity. Tlicy occur in all parts erf the Lower Carboniferous

district, in King's, Albert, Westmoreland, and Victoria, especially in

the vicinity of Sussex, in Upliam, on the North Uiver In Westmoreland,

at Martin Head on the IJay shore, on the Tobi(pie lllvcr in clIlTs over

100 feet high, and about the Albert Mines. At the last-named locality

the mineral has been extensively quarried from beds about sixty feet In

tliirkness, and calcined in large works at Hillsborough. 8040 barrels

of plaster were exported in 180.3, principally to the L'nited States;

but the trade has declined since the outbreak of the American war,

and during the last year the buildings employed by the company

were consumed by fire.

Anhjdrite (Anhydrous Sulphate of Lime).—This mineral occurs with

the last at Hillsborough, and the two are employed in connexion.

Alum.—This important substance frequently results spontaneously

from the weathering of pyritous shales, and has been observed in

small quantities at Grand Lake and elsewhere, resulting from these

causes. As pyrites is abundant in the province, it may prove a source

of the future supply of this substance. Alum was a few years ago

manufactured in considerable quantities at Shepody Mountain, but the

works have been abandoned, and are now in ruins.

Freestones are abundant in the Lower Carboniferous rocks of Albert

and Westmoreland, and numerous quarries have been opened. They

are of red, yellowish, and olive tints, often so soft as to be readily cut

when freshly dug, but hardening on exposure, and are highly prized for

building purposes, both in the province and in the United States.

Grindstones are found in the same quarries, and are of superior

character. In 1864, 6814 tons of stone, including building and grind-

stones were exported from the province, while in 1860 the amount

was over 13,000 tons.

Limestones are abundant in the Lower Carboniferous series,

especially in the counties of King's, Queen's, Charlotte, St John,

Albert, Victoria, and Westmoreland. The beds of this series are

dark and more or less bituminous, yielding lime inferior to that of

the older formations {Laurentian and Silurian) in St John and Char-
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lotto coiinticH, which uiTunl tlio grcntcr part uf tho liino uhccI in the

proviiico.

Manganese.—Deposits of tho poroxido of thi« inotiil, so largely

employed in hli'iu'hing and glii.ss nminifiicturc, occur in the province,

at scvcriil points, cHpocially at HiithnrHt, near !?hepody Mountain, at

Quaco, and rpliani. At tho latter locality, near the source of Ham-
iniind {{iver, tho deposit is largo and of excellent quality, and con-

.sidenihle ([uantities are annually removed. 219 tons were exported

in IHiii from tho localities above mentioned. The ores occur, with

the exception of that at Itathurtit, in linic»tono near thu base of the

Lower Carboniferous system. Wad or black manganese ore is also

abundant, but, while richer ores abound, i.s not of value.
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CHAPTKU XV.

TIIK CAUUONIFEKOUS SY.STKM— C'ohNhiW.

(EXTKAL CABB0NUEU0U8 DI8T1UCT Ol^' NoVA SCOTIA AND ITS OtTLIEUS—
CSEFUI- MINERALS.

Carboniferous District of Colchester and Hants.

In tliis district, which is as extensive ns t'l. '. of Ciunberb lu, from

which it is scpanitod by the Cobcquid cluiin of liilL- wc have a very

trreiil development of the liincstoncs and gypsuiiis ^rrcspondiiig to

ilio iNapan and Pugwash rock.s of Cumberland, .nul the Mountain or

Lower (carboniferous limestone of Kngliind, and a very small devel-

opment of the Coal measures. In otlier words, in the Carboniferous

period marine deposits were formed to a greater extent and perhaps

for a longer time on the south than on the north side cf the Cobequid

chain, which, we shall presently sec, was then a ridge probably not

so high, but perhaps nearly as continuous as at present.

On consulting the map, it will be seen that this district is very

irregular in its form
;
partly because tiic modern bay, with its fringes

of marsh and New Hed Sandstone, penetrates into it, and partly

because it in like manner penetrates in long inlets, now river valleys,

into the older metamorphic hills to the eastward. Viewing this dis-

trict, then, as a portion of the dried-up bed of the Carboniferous sea,

its original shores can be observed both on the north and on the south.

Thus on the flanks of the Cobcquids, the Lowest Carboniferous beds

consist of conglomerates ; the stones and pebbles of which are identical

with the rocks of the hills from which they have been derived, just as

the materials of shingle beaches on modern coasts are derived from

neighbouring cliffs. In like manner, at the base of the Ilorton and

Ardoise Hills, the lowest beds consist of white sandstones composed

of the debris of granite, and shales made up of the mud produced by

the slow wasting of slate; both of tl'.^ae materials being furnished by
the rocks of the hills. One difference, however, of a marked character

occurs on these opposite shores. The material of the lowest rocks on

the south side of the district is Hno and almost destitute of pebbles

;
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that of the corresponding rocks on the north or Cobequid side is

very coarse, l)cing made up of large pebbles and even stones of con-

siderable size. Similar differences occur in modern seas, and depend

on the configuration and elevation of coasts, and their comparative

exposure to tlic sea-swell and prevailing winds. The deposits in the

more central part of the district are more uniform and persistent in

their character.

In noticing this Carboniferous area, I shall describe, in the first

place, some of the localities and sections in which the arrangement

and character of its rocks are most distinctly exposed ; and these will

afford us opportunities of studying the Lower Carboniferous sei'ies,

almost as perfect as those which we enjoyed at the Joggins in the

case of the Coal formation deposits.

At Wolfville and Lower llorton, in the south-western part of tlic

district, we find the Lower Carboniferous beds to consist of gray sand-

stones and dark shales, resting on the edges of the slates of the Gas-

percau liivcr. In the road-cuttings in Lower llorton, the sandstones

may be seen to contain fine specimens of Lcpidodendron, a genus of

which we have already seen examples at the Joggins. There appear

to be two or three species of this genus in the beds of llorton Bluff,

and one of them at least is distinct from any of those found in the true

Coal measures, and is most characteristic of this Lower Coal formation.

It is the species which I have named L. corrugatum (Fig. 74), and is

found on tlie same geological horizon as far west as Ohio. It is also

closely allied to a characteristic species of this age in England and

on the continent of Europe. With these Lepidodendra are found

at Horton Bluff several other fossil plants, more especially the fine

fern (Fig. 75), which I have named Cyclopteris Acadica, Cordaifa

(Fig. 76), Stiffinaria, and the conifer Dadoxylon antiquius.

The Cycloptcris Acadica was a magnificent fern, unsurpassed by

any in the Middle Coal formation. Its leaf-stalks are often twu

inches in diameter, and the frond, with its hundreds of wedge-shaped

leaflets, must have been several feet in breadth. In some of the shales

at the same locality fish-scales are extremely abundant, and make up

apparently the greater part of the mass of some thin beds. The whole

of these rocks are, however, much better seen at Horton Bluff, a fine

range of cliffs extending along the west side of the Avon estuary.

At this place the beds do not dip regularly in the same direction, but

have been broken into great masses which dip in different ways, and

have been fractured and displaced hyfauUs or slips of one mass or

another up or down, so as to break the continuity of the layers. Sucli

disturbances are very frequent in all the sections of this district, and
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it will be easily understood that in the upheaval of large surfaces of

rocii, these would readily give way along the lines of greatest and

Fig. 74.

—

Lfpidodenilroii corruaotum

—piirtiuii of bark:

^mm&

Fig. 76.

—

Fragment of Lrnf

of Cordaites.

'is. *:

,3 i

tl )

Fiar. 7.').

—

Cyrlopteris Anidicn.

-shaped

shales

lake up

;
whole

,
a fine

jstuary.

ion, but

lys, and

(a) Plnnulo.s showing venation. (/)) Fragment of stipe,

(c) stipe, Plmmles, and reniiiins of fructification.

least pressure, and be tilted in diiferent directions and slipped up or

down. The general dip of these beds, however, so far as it can bo

asci'itiiined by putting together their disjointed portions, appears to

be to tlio north-cast or from the older slaty rocks.

The Horton liliiff beds arc the geological equivalents of the beds
J>*l 'I' sill

11
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previously described as occurring at Hillsborough in New Brunswick

;

and like them they consist of dark calcareous shales abounding in

remains of fish. At Horton, however, the bituminous matter so

abundant at Hillsborough, is almost entirely wanting, and the fish-

scales and teeth arc scattered apart, implying a less amount of vege-

table matter and different conditions of deposition. There are also at

Horton IJluff numerous bands of coarse limestone, and thick beds of

the white granitic sandstone already referred to, as well as gray and

red sandstones and marls in the lower part of the section. The most

interesting and abundant fossils in this section are the remains of fish,

which occur in incalculable numbers ; every surface in some of the

shales being thickly scattered over with their bright enamelled scales

and sliarp conical teeth. Some scales are smooth, others finely

punctured, others marked with irregular ridges, and others with con-

centric lines; but all belong to the tribes of ganoids and placoids,

which appear to have had exclusive possession of the Carboniferous sea.s.

I have figured fragments of three of the most common species of the

larger fishes whose remains occur at Horton Bluff (Fig. 77). The first

is a species of Rhizodus, allied to It. gracilis, M'Coy, from the Carbon-

iferous shales of Gilmerton, Scotland, but differing from that species

in the less curved jaw, not tuberculated, but marked with irregular

vermicular lines, and in the thicker, finely striated, less flattened teeth.

Scales of this fish much larger than these figured are often seen in

the Horton beds. I name it It. llardingi, in honour of the late Dr
Harding of Windsor. The jaw and scale represented at e,f, Fig. 77,

belong to a species whose remains are very abundant in the Horton

beds, and may be recognised by the pointed and deeply furrowed

shining ganoid scales, and the equal and flattened teeth implanted in a

dentary bone, whoso outer surface is furrowed somewhat like that of the

scales. It seems to belong to the gGwu^ Acrolcpis, and I have named

it ^. Hartunensis, The spine of Clenacanthus, figured above, also appears

to be new. The same beds contain immense numbers of small scales,

probably of Palwoniscus. The appearances in these fish beds, as in

the bituminous limestones of the Joggins, indicate the long residence

of tlicse animals in the locality, and the gradual accumulation of their

liarder parts, as successive generations died or were devoured by their

larger brethren, and as the waters in which they lived were gradually

filled up by the deposition of fine mud. We have also evidence that

trees grew on the neighbouring land, for trunks, branches, and leaves

of Lepidodendron are very abundant, and Sligmaria is also found.

In one bed, indeed, the trunks of Lepidodendron are found rooted in

the erect position. They are very numerous but small, the largest

being only eleven inches in diameter, and their height is only six

i
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also curious little pairs of oval impressions of the character of those

found in the Silurian rocks of Canada and New York, and formerly

Pig. so.—Ruslchnttea '"^upposcd to be fucoids, to which tlie name Ruso-

carbonariii8—HM- pin/cus yvaa applied. Kegarding them, for reasons
way Kiver. stated in a paper on the subject published in the

Canadian Naturalist, to be burrows of Trilobitcs

or other crustaceans, I have proposed for them the

name Rusichnites, and have described the present

species as R. carbonarhis (Fig. HO). These and

the worm-tracks above mentioned are best seen

at Halfway Kiver, between Horton and Windsor.

No coal has been found in these rocks.

It is evident that in the section above described, we have the occur-

rence, in the very lowest part of the Carboniferous system, of beds

very similar to the Middle Coal formation as it occurs in Cumberland,

though sufficiently distinct in their mineral characters and association

of fossils to prevent us from confounding the two ; an error which has,

however, been committed by some of the earlier writers on the geology

of the country, and has led to much additional confusion. Jieds of

similar character and age occur at Halfway River, near Windsor, on

the St Croix River, at Upper Rawdon, and at the Gore. In all these

localities they skirt the base of the slate hills. On the north shore of

Hants, they have been thrown up to the surface by an anticlinal bend

of the strata, and are seen at Five Mile River, Noel, Teny Cape, and

Walton (Fig. 81). In all these places they appear to underlie the

great Lower Carboniferous marine limestones. We have observed a

similar fivct at Hillsborough, and it also occurs in some parts of the

eastern coal districts. We may therefore conclude that in the very

dawn of the Carboniferous era, before or coeval with the formation of

the great limestone and gypsum beds, conditions somewhat similar to

those afterwards so extensively exemplified in the true coal measures

prevailed very widely in Nova Scotia. This is not in any way unac-

countable, for we have no reason to doubt that marine deposits were

forming somewhere when alluvial flats existed at the Joggins, or tiiat

there were shores, dry land, swamps, estuaries, and lagoons, contem-

porary with the seas in which the Hants and Cumberland limestones

were formed. At the same time, it is true that in the older Carbon-

iferous period marine deposits were formed in the greatest quantity,

while in the later portion of the period there was much more of swamp
and estuary deposition.

We may now direct our attention to the strictly nuvrine deposits

which rest upon the Horton Hlnff beds, and which may be seen along
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both sides of tlie estuary of the Avon, not directly in contact with

the shales, etc., which intervene between them and the metamorphic

hills, but in such positions as to leave no doubt

as to their relative age. One of the best expos-

ures of these rocks in this vicinity is on the right

bank of tlie Avon, immediately above the Windsor

bridge, and I shall describe this section in detail,

that the reader may at the outset be familiarized

with the principal members of thiit great gypsi-

ferous series which occupies the greater part of the

!•-, district now under consideration.

The first rock seen south of the bridge is a thick

g g bed of red marly sandstone, a soft rock coloured

JC^I I I red by peroxide of iron and cemented by carbon-

v?^« ^ 'v fite of lime. Below this is a bed of greenish

marl, similar to that above in composition, but

wanting its colouring matter. Then there is a

thick gray limestone, containing enough of frag-

ments of shells to lead us to infer that it may
have been made up of such materials, but so

decomposed and agglutinated together tliat it

appears now a compact, almost non-fossiliferous,

rock, liclow this we find again red and greenisli

marly sandstones. The whole of these beds dip

to the north at an angle of 50°. At this point,

however, there is a fault, marked by a little gully,

cut in consequence of the surface water finding

a more ready passage at this place, ^riic next

beds seen are again red marls, but dipping to the

south at an angle of 55°. On these rests a

yellowish limestone, above which are more red

and greenish marls.* Next we have another lime-

stone of flaggy or laminated structure, with a

number of fossil shells scattered over some of

the surfaces, as if they had lived on these surfaces

or been scattered over them after death. These

shells, like those of the Cumberland Lower Carbon-

iferous limestones, belong to the genera Produclus,

Spirifcr, and Terebralida, all shells of the same

fiimily, one of the most singular of the tribes of

bivalve shell-fish, and, in so far as we can judge

According to Mr Ilarft, this bed also dips to tlio N.W., and tlie break occurs

iiuincdiatcly to tlie south of it.
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from the habits of its living representatives, intended to inhabit

the depths of ocean. The presence of fossil shells of this tribe

is therefore considered by all geologists as conclusive evidence that

the deposits in which they occur were formed in the bottom of the

open sea. Above this limestone, in the order of succession, Ave have

alternations of marls and limestones, and next a bed of white crystal-

line gypsum, contrasting strongly in its purity and whiteness with the

other beds of more mechanical origin. Here the shore becomes low

and no rock is seen, but a little to the eastward we find the great

gypsum quarries of Windsor, excavated in the outcrop of a very thick

bed, the strike of which would bring it out to the shore just where

our section fails, and where the gypsum has been removed partly by

the river and partly by the quarrymen who earliest dug this rock for

exportation. A little farther to the southward, at tlie next bluft' point,

there is a very thick bed of limestone, filled with, or rather made up

of, fossil shells of various species and genera, affording a remarkably

perfect display of the shelly coverings of the creatures that inhabited

the Carboniferous seas.

A descriptive list of the species found here and elsewhere in Nova
Scotia, in limestones of this age, will be appended to this ciiapter,

with figures of several of the more characteristic species ; and in tliis

l)]uce I shall merely mention them generally, and with I'efereiice to their

living analogues.

At the head of these ancient Molluscs is a Nautilus, to a cursory

observer not unlike the ordinary Nautili of the Indian Ocean ; nor are

tliese ancient Nautili inferior iii dimensions to their modern relatives,

for at Windsor they may sometimes be seen as much as six inches

in diameter. >Vith the Nautilus, we may occasionally find species

of Orthoceras, a shell of the same family, but straiglit instead of

being whorled. The species usually seen is about one-fourth of an

inch in diameter, and four or five inches in length ; but I have seen

specimens nearly an inch in diameter. Tiie Orthoceras a? well as the

Nautilus was a chambered or partitioned shell, intended to serve as a

float as well as a protection to the animal, which could thus sport on

the surface of the sea as well as creep upon its bottom. The iimer

cliambers of these shells are now empty or incrusted Avith crystals of

calc-spar ; but the outer chambers are filled with hard limestone, often

containing numbers of smaller shells. A species of Conularia is

also found in this limestone, though less abundant here than in

some other places to be hereafter noticed. This shell is believed to

have belonged to an animal of the class Pteropoda, which contains

little swimming molluscs, furnished Avith a pair of fins or flappers for
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makes up whole layers of the limestone. There arc also sea-mats or

Palyzoa, of the genus Fenestclla, some of which spread out into leaves

several inches in length.

The only shell in this limestone that appears to bo identical with

any of the creatures whose remains arc entombed in the coal measures

of the Joggins is the little Spiror'bis, which has attached itself to the

inside of the outer chiunber of some of the larger Nautili, after the

deatii of their owners, and this is evidently a distinct species from the

S. carbonarius. The reason of the difTerence in the fossils of these

difTcrent members of the same geological system is, that one is of

marine or dccp-soa origin, while the other represents the tenants of the

sliallow creeks, lagoons, and estuaries of the same period. A similar

difference subsists in all modern seas. While, however, distinct species

and genera of foj^sils occur in the littoral and oceanic deposits of the

same era, still more decided differences distinguish the formations of

one period from those of another ; for instance, the Lower Carboniferous

limestones from those of the older Devonian and Silurian periods.

Jlence, if the student once familiarizes himself with the shells of the

Windsor limestones, or even with the species represented in the fol-

lowing pages, he has the means of recognising the limestones of the

same age in all jjarts of the country, and of distinguishing them from

those of every other formation.

The sandstones and marls of this "Windsor section differ little from

the similar beds in the coal measures, except that they arc less lami-

nated, and less sorted into sand and clay, and contain no vegetable

remains—all indications that they were deposited in deep water at a

distance from land, and where changes of tides and currents had little

influence. The limestone is evidently the result of the growth of shells

and corals in the sea-bottom, forming in the course of ages thick and

widespread masses, like the coral reefs of the Pacific, with beds of fine

calcareous mud and comminuted shells and corals washed from these

banks or reefs by the sea. The coral and shell bank itself forms a rich

fossiliferous limestone. The material produced around it by the

wasting action of the sea becomes a compact earthy limestone, with

few fossils, except minute fragments of shells, often only to be detected

by the microscope.

The only apparent anomaly in the deposit is the gypsum, which

must have been formed by chemical action, or deposited from solution

in water. Various explanations may be given of the origin of the

veins and masses of gypsum which occur in different geological

formations, from the Silurian to the Tertiary, and which, so far as I

am aAvare, are peculiar to the Lower Carboniferous series in no country
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ftSiiociated marls, the Lower ('arbuiiit'croiis .scries oi Nova iScotia aii«l

New Brunswick resembles the corrcHpondiiig for nation in Great

Britain ami the United States, to the fossils of which its .shells and

corals have also a very marked resemblance, and several of the species

are identical.

The rocks we have examined at Wind.s()r may .serve as a specimen

of those that occupy nearly the whole low country of Hants, the

greater part of the Carboniferous area of Colchester, and the long

belt extending up the Mn.squodoi)oit River. The limestones and

gypsums, wiiich form the most important members of the scries, appear

at a great number of places, and arc extensively quarried. The
principal localities are the St Croix River, Newport, Kennetcook

River, Walton, Noel, White's or Big Plaster Kock, and other places

on the Shubenacadie, Brookfield, Onslow, istcwiacke, and Upper and

Middle ALusquodoboit. One of the finest natin-al exposures of gypsum

in the province is on the St Croix River, a few miles from Windsor.

Here the gypsuni forms a long range of cliffs of snowy whiteness.

This cliff consists principally of the variety of gypsum named " hard

plaster," or " sharkstone," by the quarrymcn ; the latter name

referring to the rough shagreen-like texture of its weathered .surfaces.

It is Anhydrite, or gypsum destitute of the combined water which

gives to the ordinary variety its softness and its usefulness as a

material for modelling and plastering. Anhydrite occurs in connexion

with most of the beds of gypsum, generally forming separate beds, but

sometimes mixed in large mas.ses or nodules, or minute transparent

crystals, with the common plaster. It is not at present applied to

any useful purpose, being too hard to be profitably ground for agri-

cultural uses. It may, however, be used as a substitute for marble,

for the internal decoration of buildings, and some of the varieties in

the cliffs of the St Croix are well adapted to this use, and could be

procured in any quantity.

Having thus described the Lower Carboniferous rocks as they occur

at Horton and Windsor, I shall now attempt to give a general view

of their arrangement in the area now under consideration, as well as

their relations to certain limited tracts of coal measures which rest

upon them, especially in the northern part of the district. To effect

this, I shall take advantage of the sections afforded by the Folly and

De Bert Rivers, and the Shubenacadie ; and shall describe these as

they would appear to an observer descending the southern slope of

the Cobequids, following the course of the Folly River, crossing

Cobequid Bay, and ascending the Shubenacadie to the Grand Lake.

On the Folly River, about eight miles from its mouth, we leave

I
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f'ootprintH, pnthiildy of a siimll reptilian iiniiiml. Moro recently otlier

footpriiitH, of IiirpM' wize, mid rcteniltlo to the genus Sduropitu, were

found in tlu'H(> iicds l)y ,f. M, .lones, Ks(|., K.L.S, of llalifiix. 'I'liese

indications of vcrtcl)nite3 of tlie land will bo noticed in a MnbHcrincnt

chapter. ICastward of Partridge Island, in Clarke's Head, we find

the Lower Carboniferous limestones soinowhat altered, with beds of

common gypsum, and a beautiful purple variety of anhyi'.iite. At

MooHe Kiver and Harrington Kiver, the black shales and gray sand-

stones again appear. In Keononiy, wo have tlicso and the Lower

Carboniferous limestone with its characteristic fossils, and on the banks

of the I'ortapicpie and (Jrcat Village Rivers, the whole scrirs is well

exposed, with appearances similar to those observed in the Folly.

Eastward of the latter river, the Coal formation band widens rapidly.

On ll Chiganois and North Hivers, it contains bituminous limestones,

witli i.^;pfkls and (ish-scules; thick beds of shale, with clay-imnstone
;

Heveral small coals, the largest, I believe, about eighteen inches in

thickness ; and in the bods associated with those coals are fo.-isil plants

of several of the species described in connexion with the Joggins

section. On the North River also we find the lower lin\estonc under-

lying the t'oal measures at the base of the mountains, and re-appearing,

in greatly increased thickness and associated with beds of gypsum,

on the south side of the trough. Still farther eastward, on the Salmon

Hiver, there is a bed of good coal nearly two feet in thickness, and

associated with shales, containing fine specimens of Ulodendron, Ferns,

and other Coal formation fossils.

Applying to this narrow Coal formation trough the information we
have obtained from the .Joggins section, we may conclude that along

the base of the Cobequid Mountains, on their southern side, a band of

swamps and shallow and land-locked waters existed contemporane-

ously with the wider tract of the same description on the northern

side of the mountains ; and it is quite possible that the northern edge

of the Lower Carboniferous limestones may have formed a barrier-reef,

separating this narrow littoral band from the more open sea without.

In its present condition, this Coal formation belt of the soutli side of

the Cobequids presents many difficulties to the geolocist. The

various movements which have taken place along the south side of

the mountains, and which have probably continued up to the close of

the New Red period, have shattered these rocks in lines parallel to and

at right angles with the hills, and have also bent and contorted them

in a remarkable manner. In this respect, the Carboniferous rocks on

the Cumberland side of the hills differ very much from those of the

Colchester .side ; the former being very little disturbed in comparison.

*
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number of minerals lining or filling veins or fissures. I am inelined

to believe, however, that the fibrous gypsum in the gypseous marls

has been produced in a different manner from the "combs" of quartz

and other minerals found in the fissures of slate, trap, etc. Tlie

gypsum veins show no signs of having met in the middle, though

they often appear to have been added to at each side ; and we may
infer that the i)risms of gypsum grew l)y additions to each end,

furiiislied by water permeating the rock, and pressed the sides of the

fissure apart as they grew in length. Veins of fibrous ice are formed

in this way in banks of clay, exerting an enormous expansive force,

sufficient to break down the strongest retaining walls; and when
circumstances are favourable, these clusters of icy prisms may be seen

to raise objects lying on the surface of water-soaked clays to the

height of several inches. Wherever segregation and crystallization

are going on in the fissures of rocks, similar effects may be produced

;

and it is quite possible that they play an important part in geological

dynamics. It is at least not unlikely that some of the remarkable

contortions and dislocations observed in the gypsiferous rocks of Nova

Scotia may have been produced in this way.

These marly rocks contain a bed of anhydrite and common gypsum,

in addition to the gypsum veins above mentioned.

1^'oceeding to the southward, along the eastern bank of the river,

we reach a high cliff of brownish-red and gray sandstones, dipping S.

30" AV., and containing a few fossil plants. These beds probably

overlie those previously noticed, and much resemble the sandstones

that in the Joggins section intervene between the lower limestones

.nd the Coal measures. To the southward of this cliff, which is called

the Eagle's Nest, the shore for some distance shows no section. On
the west side, however, where the rocks corresponding to tlie Eagle's

Nest form a high cliff, they are separated by a fault from an immense

mas 1 of gypsum named White's or the Elg Plaster Rock, and one of the

principal localities of the extensive gypsum trade of this river. The

Big Rock at one time presented to the river a snowy front of gypsum,

nearly 100 feet in height; but it has been greatly reduced by the

operations of the quarrymen, who bring down enormous quantities

by blasting. Jt is a massive bed, arranged in thick layers, and the

whole bent into an arched or almost cylindrical form. In its lower

part there is much anhydrite, and also dark laminated limestone,

having on its surfaces of deposition immense numbers of flattened

shells of Comdaria. A compact limestone, containing Terebratulce,

also appears near the bottom of the mass. Faults, denudation, and

disturbance render it quite impossible to discover in the river section

I
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the gypsum acted on a mass of calcareous matter, mixed with sand

and gravel, which became entangled in the gypseous mass produced.

Such instances of the enclosure of foreign bodies in gypsum are rare.

I have, however, seen layers of sand and earthy matter, and fragments

of limestone, and in a few instances vegetable remains have appeared

in the earthy layers. Some beds of gypsum are also blackened by

bituminous matter, derived no doubt from animal or vegetable

substances.

Over nearly all the beds of gypsum in this region, the whole surface

is riddled by funnel-shaped cavities, named " plaster-pits," by the aid

of which the gypsum may be traced in localities where it does not

itself reach the surface. These pits are well exposed in the face of

the "Big Rock" fonnerly described. They are produced by the

solvent action of the surface water penetrating through the fissures of

the gypsum, in a manner which we shall have better opportunities of

studying when we arrive at the gypsiferous districts of Cape Breton.

The section formed by the long narrow tideway of the Shubenacadie,

and continued less perfectly along its fresh-water portion, enables us

to form an idea of the structure of the southern part of the Hants and

Colchester area, across its whole breadth. It is evident that the

regular succession of the beds has been much disturbed by faults or

fractures, most of which have a direction approaching to east and west.

They have shifted the masses of beds, so that we cannot now, without

extensive investigations of all the minor sections afforded by tributary

streams, put them together into a continuous scries. The following is

tlic nearest approximation to such a restoration of the original arrange-

ment that I can offer :

—

1st, From the mouth of the Shubenacadie

Avestward to Walton and Cheverie, the shales Avhich lie at the base of

the Carboniferous system appear in several places, and immediately

resting on them are red sandstones and marls, with limestone and

gypsum ; and the lowest bed ->f limestone is a laminated dark-coloured

crystalline bed without fossils. 2rf/y, The red sandstones and marls

with gypsum and limestone, form a wide band extending through

Hants to the Avon estuary, south of these lowest members of the

scries ; and in places there appear, in and over these beds, gray and

brown sandstones with fossil plants. Sdly, Along the course of Five

Mile and Kennetcook Rivers, extend rocks having the asjiect of the

Lower Coal formation, which appear to be thrown up along an anticlinal

line, ithli/, Immediately to the south of these, we again find the red

marls, gypsum, and limestone, forming a second broad belt, extending

from Rose's Point and Admiral's Rock, on the Shubenacadie, through

Newport to Windsor. This is the re-appearence of the same part of
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corals, and in the central or deeper parts of the area there were beda

of calcareous mud with comparatively few of these living creatures.

In the hills around, volcanoes of far greater antiquity than those

whose products we considered in a foi'mer chapter, were altering and

calcining the slaty and quartzose rocks ; and from their sides every

land-flood poured down streams of red sand and mud, while in many
places rills and springs, strongly impregnated with sulphuric acid,

v/r flowing or rising, and, entering the sea, decomposed vast

quaiiLities of the carbonate of lime accumuliited by shells and corals,

and converted it into snowy gypsum. Of the creatures that may have

crept or walked on the land, we know nothing except the hint afforded

by the few footprints found by Logan and Harding in the shales

of llorton and Parrsboro', and which testify that reptilian life in

some of its lower forms had already begun to exist. The sea had

already attained almost its maximum of productiveness in fishes and

creeping things, but we have no reason to believe that the land had

yet received from its Creator any of those higher creatures which

were destined to be introduced in a subsequent " creative day."

Useful Minerals of the Hants and Colchester District.

Gi/psuni is at present the principal product of this district. It is

largely quarried at Windsor, Newport, Walton, Shubenacadie, and a

number of other places; and, in 1861, 124,241 tons* were quarried,

amounting to the value of over "1^83,000 at the ports of shipment.

The greater part of this large annual produce of gypsum is exported

to the United States for agricultural purposes. The quantity of gypsum
in this district is enormous, and probably cannot be exhausted by any

demand ever likely to occur. It is now quarried only in the places

most accessible to shipping, and its small value per ton indicates the

facility with which it can be obtained, in a country in which the price

of labour is by no means low.

Limestone is also extremely abundant in this district, and might be

quarried and exported as readily as the gypsum. Limestone being

abundant in New Brunswick and in the United States, is not, however,

in demand for exportation, and the wants of the country are at present

small ; especially in a district in which the land is in most places well

supplied with calcareous matter. It may be anticipated, however,

that a demand will arise for lime to supply the wants of the shore-

districts, which are almost entirely destitute of this mineral.

Iron Ore occurs in veins traversing the Lower Carboniferous lime-

* 118,215 in Hants and C026 in Colchester.
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stones and sandstones near the mouth of the Shubenacadie and in

Brookficld. Tlie ores arc red ochre, red hematite, and brown hematite,

associated Avith sulphate of barytes and calcareous spar. One of the

veins of the east side of the Shubenacadie, near its mouth, is of con-

siderable magnitude, and it is probable that such veins, more or less

valuable, will be found in the country between this place and Brook-

field, where, however, the quantity of iron seems much greater than

on the Shubenacadie.

At Brookfield, about 2^ miles east of the Brookficld station on the

railway between Halifax and Truro, a deposit of fibrous brown limonite

has been discovered, and has been examined by Mr Barnes of Halifax

and Professor How of Windsor, to whose reports I am indebted for

the following information :—The ore occurs in large boulders, scat-

tered over a surface of 50 acres, and some of them containing three

to four tons of ore. They are apparently nearly in situ, as veins of

the same mineral are found in the locality, enclosed in a bi'ownish

ferruginous quartz rock or hardened sandstone, of a character fre-

quently seen in this part of Colchestei', and which is either of Devonian

or Lower Carboniferous age—probably the former. The ore occurs

at or near the junction of these rocks with ordinary Lower Carbon-

iferous shales and limestones, which would seem to bo unconformable

to them. Sulphate of barytes, of excellent quality, is found in the

latter rocks at no great distance, associated with iron ore, and probably

under the same conditions in which these minerals occur near the

mojth of the Shubenacadie.

The ore of Brookfield is of excellent quality, and should the quantity

prove considerable when the mine is opened in the solid rock, its

vicinity to the railway will render it a very valuable property. The

masses on the surface have no doubt been left by the denudation or

washing away of the containing rock, and would seem to indicate an

important deposit ; but veins and masses of this kind are often very

irregular and uncertain, so that, to determine the real value of the

deposit, better openings than those which now exist would be

required.

Ores of Manganese.—These are found at several places in this dis-

trict, in veins or disseminated in nodules in the Lower Carboniferous

limestones. The most important localities at present are Teny Capo

in Hants, and Onslow Mountain in Colchester. From the former place

about 1000 tons, worth £8 to £9 per ton, are stated by Professor How
to have been extracted up to this time. The following account of the

Teny Cape locality is taken fiom a paper by Professor How in the

Philosophical Journal for March 1866 :

—
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The

" Pyrolnsitc.—This species is found at numerous localities in different

parts of the province, and is now being mined in considerable quantity

at one of them, viz., at Teny Cape in Hants Co., about five miles from

Walton, where about a thousand tons have been got out within the

last two years, the bulk of which has been readily sold in England.

It occurs here in the form of nodules of irregular, generally rather

flattened shape, of all sizes, from that of a bean up to that of a man's

head, or even twice as large, and weighing proportionately up to about

twenty-five pounds. These masses lie loose in a bed of ' .soil ' about

a foot thick and a foot below the surface : they consist of pyrolusito

and psilomclane. Some feet below tliis bed, in a gray and brick-

coloured limestone containing magnesia, the ore is found, in very thin

deposits, which, from the easily separable nature of the rock, can bo

laid bare in sheets, and also in 'pockets' or interrupted chains of

deposits of very variable dimensions, sometimes but a few inches in

depth, and thickening out to several feet. I have seen one egg-.shapcd

mass exposed in situ estimated to be of three tons weight. One of

these 'pockets,' running cast and west at a depth of 15 feet from tho

surface, was about 72 feet in length, varied in thickness from 6 inches

to 14 feet, and was p 'actically exhausted on the removal of about 130

tons of ore. A second runs parallel with this, at a depth of 30 feet

from the surface, and has been found to extend at least 105 feet : it

had yielded up to August last about 300 tons of ore
; and a large

quantity remained. Below this, again, at a depth of 50 feet from the

surface, other deposits have been met with, the form and dimensions

of which have not, so far as I know, been fully made out, but which

have afforded many tons of good ore. The whole thickness of the

limestone holding manganese is estimated at about 300 feet.

" The minerals associated with pyrulusite at Teny Cape arc iron ore

(brown hematite, I believe), barytes, and calcitc. The first of these

is occasionally found at tho line of junction of the ore and rock, which,

as before mentioned, is sometimes red. The barytes is of pure white

colour, is often disseminated in varying quantity through the pyro-

liisite, and is probably constantly present in all but the pure crystals

of tlie species. The calcitc is also occasionally imbedded, in trans-

parent crystals, but more often exists as an incrustation ; it sometimes

forms specimens of great beauty, Avhcn it lies in opaque snow-white

mammillary masses of finely crystalline structure, or in piles of nail-

head crystals, half an inch or an inch across, of gray or snow-white

colour, on black lustrous masses of well crystallized pyrolusite.

" The pyrolusite found at Walton is sometimes attached to brown
hematite in a reddish limestone resembling that at Teny Cape.
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Hygrometric water

Water of composition .

Peroxide of iron

Soluble baryta .

Insoluble (barytcs?) .

Binoxide of manganese

1-660

3-630

•603

•72t

1-728

84-620

92-965

which show that the mass consisted chiefly of pyrolusite. That the

associated mineral Avas psilomchine follows from its appearance and

hardness, the colour of its powder, and the amount of water contained,

which is too little for manganitc, and too much for any of the other

manganese minerals."

" It is an interesting fact that silver, to the amount of five ounces

to the ton of ore, has been found in a specimen from Teny Cape, on

assay by J. Taylor and Co., in London."

The deposit of manganese ore on the property of the " Onslow East

Mountain Manganese and Lime Company" occurs under similar geo-

logical conditions with that of Teny Cape, and has been very favourably

reported on, both as to the quantity and quality of the mineral, by

Mr Barnes, Professor How, and Dr Iloneyman.

Galena., or sulphuret of lead, is found in disseminated crystals and

small veins in limestone at Gay's River and some other i)laces. Some
specimens which I have examined contain a considerable proportion

of silver; and one bed of limestone at (Jay's River, pointed out to

me many years ago by the late Mr G. Duncan, has so much dissemi-

nated galena that favourable opinions have been expressed as to its

economic value ; but I am not aware that it has yet been worked.

Tlie occurrence of valuable ores of lead in the Lower Carboniferous

limestones in England and other countries gives some reason to hope

that more important indications of this metal may yet be discovered.

Sandstone suitable for building purposes occurs at Horton, Halfway

River, Windsor, the Shubenacadic, and probably many other places

;

but not in such quantity nor of such excellent quality as in the Coal

formation of Cumberland and Pictou. For this reason it may not,

for some time at least, be worthy of attention as an article of export,

but it can be abundantly obtained for domestic use.

Clays suitable for bricks and common pottery can also be procured

in large quantity on the Shubenacadic. Yet in the last census Hants

made no return of bricks, while the quantity made in Colchester was

stated at 420,000.

Coal in small seams occurs at Salmon River, North River, Chiganois
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River, Dc Bert River, Folly River, and Great Village River, in the

Coal measure belt extending along the south base of the Cobcquids,

and these small scams appear at intervals as far west as Capo Chicg-

nccto. I have seen the outcrops of these coals in several places, and

according to my own observations and the best information I can

obtain from others, none of them exceed eighteen inches of clean coal.

Better seams may possibly be found, but the measures are exposed I)y

so many river sections that it seems unlikely that they should have

so long escaped observation. Indications of coal have also been

observed in the Coal measure band extending from Lower Stcwiacke

toward and along the Keimctcook River. These measures arc not

well exposed, and I believe that nothing definite is known as to their

real value. The occurrence of coal in this central district would,

however, be of so great importance to the province, and to the success

of its main lino of railway, that the subject well merits a thorough

investigation.

Sulphate o/Barytes, which is manufactured into a pigment employed

as a substitute for or adulteration of white lead, has been quarried on

the banks of the Stewiacke. The deposit, which at first appeared to

be large, is stated to be now exhausted, at least in so far as it can be

reached by the ordinary operations of the quarryman. As already

stated, this mineral is said to occur in connexion with the iron deposits

of Brookfield.

Brine Springs issue from the Lower Carboniferous rocks in several

parts of Nova 8cotia. In the district now under consideration they

are found at Walton in Hants county. A specimen analyzed by

Professor How gave, in the imperial gallon of water,

—

Chloride of sodium, or common salt . 787'11 grains.

Sulphate of lime ..... IGTIG „

Carbonate of lime ..... 14'73 ,,

Chloride of magnesium .... 4*48 ,,

Carbonate of magnesia, carbonate of iron, and

phosphoric acid ..... traces.

967-48

The large quantity of sulphate of lime contained in this brine is,

without doubt, connected with the abundance of gypsum in the Lower

Carboniferous series, and points to the association of gypsum and

common salt, probably in the gypseous marls. Professor How ex-

presses a favourable opinion of this and other saline springs in Nova
Scotia as profitable sources of common salt.

\
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Oold.—A deposit of this metal, perhaps of even more interest in a

geological point of view than practically, tliongli apparently of some

value in this last respect, occurs in the Lower ("arboniferous conglo-

merate at Corbitt's Mills, four miles north of Gay's River in Colchester

county. It was described in the Canadian Naturalist for 1804 by

Mr C. F. Ilartt, and IJr lloncynian has favoured me with manuscript

notes of a visit to the place in 1800. From these sources I extract

the following information ;—The locality is at the junction of the

Lower Carboniferous conglomerate with the shite and quartzite, forming

the extremity of the ridge separating the valleys of the Stcwiackc and

Mus(juodob(jit liivers. The slates belong to the Silurian gold-bearing

formation, and contain small but rich auriferous quartz veins. The

conglomerate is formed of the debris of these older rocks, and gold

occurs in it exactly as in modern auriferous gravels, being found in

the lower part of the conglomerate, and also in the hollows and crevices

of the underlying slate. The fact is interesting, as showing that the

gold veins existed in their present state at the beginning of the Car-

boniferous period, and that the causes which produce the more modern

gold alluvia were then in operation. Jiy a later repetition of this

process, the drift or boulder clay which overlies the conglomerate

is at this place also slightly auriferous. In the Report of the Com-

missioners of Mines for 1800, it is stated that the high prices charged

for land at this place had interfered witli the operations of those

desirous of opening the deposits ; but that a crushing-mill had been

erected, and that mining operations on such a scale as would prove

the value of the deposit would soon be undertaken. Should they

prove successful, they will present a curious and perhaps unique

instance of mining for gold in rocks of the Carboniferous system, and

will stimulate inquiry as to the possible productiveness of the Lower

Carboniferous beds in other places where they come into contact with

the older auriferous slates, as is the case in many places in the valleys

of the Stewiacke, Musquodoboit, and St Mary's liivers, as well as in

the eastern part of Hants.
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iiivc.stij:,'iitinns; but it i.s Htill iucoinplete, niul will no doubt be much
niodifit'il by future invi-sti^MtioUH. In pro|inriiii^ it, I liiivc bocu niiich

ai(l(Ml by tlu^ iiott's iiud rollcctioiis of Mr lliutt, l)y .H|R'eiui('iiH fui'iiislied

by I'rofessor How and Mr I'oolc, iiud by the cxtcnsivo i)ida'ontoloj(iciil

kiiowliMlj;!', uC Mr l!ilbiif,'M. I sluill copy Mr l)iivi<lHoii'H doscription.s

of till! Ib'iu'liiopodii, mid .sliiill give as many ri;,'urt'.s as poH.siblo, to aid

studcutM and collcctor.s, and to i'acilitat*: conipari.soiiH with thu tuHsild

of other countries.

Ik'forc procciMliiif; to give the list of those fossils, there arc two
important gcidoL,'iral ([lU'stions in relation to them which must en;^af;c!

our attention. The first is the possibility of diviiling the marine lime-

stones of the Carboniferous period into dirtcrent stages or sub-foriua-

tions. The second is the precise geological and geograiihieal relations

of the fauna.

With regard to the first of these points, I liavo myself indicated the

possible division of the Lower Carboniferous limestones into an upper

and lower series, and also the fact of some of the species extending

their range to the Upper Coal formation. JUit Mr llartt has gone

hito the subject much more minutely, and 1 shall give, in the first

place, a summary of his results, in connexion with my own.

In the section at Winilsor above referred to, several limestones

appear ; but owing to faults and bends of the beds, their precise rela-

tions to each other are not very evident ; still an approximation to

these can be obtained ; and I believe that the order given below will

be found in the main to be an ascending one—each limestone being

separated from those next it by a considerable thickness of sandstone,

marl, or gypsum.

(rt.) Limestone of Avon Bridge (Avon Limestone, Ilartt)

—

Spirifer

Limestone. A thick band of compact, laminated, oolitic, and breceiated

limestone, not highly fossiliferous, but containing Productus cora

(var. Nora Scoticiis, Hartt)

—

Spirifer glaber, S. octoplica(us{?), lihyn-

chonella Ida, Phillipsia and liakevellia, and an Area-like shell which I

have not seen elsewhere [A. pvnctifcr). This is a very thick and im-

portant series of beds, and appears to correspond with the lowest

Carboniferous limestone as seen in other localities.

ih.) Limestone, laminated, oolitic, compact, and concretionary

—

Crinoidal Limestone. AViounds in fragments of crinoids, minute shells

of a Dentalina, Serpidites, and small Gastcropods, especially species of

Pkurotomaria. Bakcvellia antiqua also abounds in it, and it is a re-

markable repository of minute shells, many of which are yet undescribed.

A limestone similar to this exists apparently in a similar position on the

Shubenacadie River.

i,
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(c.) Gray or bluisli cartliy limestone, laminated and concretionary

(Kciinctcuok Limestone, llartt)

—

Zaphrenlis Limestone, Contains

Phillipsia ILnvl, Zaphrcniis Minas, Cyathophyllum Sfeviacum, Spirifer

striata, Atltyris suhtilita (?), Productus semireticulatiis, Strophomena

analoga, Edmondia llartti, Cypricardia insecta, Orthoceras laterale,

l^tenopora, and Fenestclla. This limestone has been recognised by

Mr Ilartt as the equivalent of the beds rontaining Zaphrcntis and

Phillipsia on the Kennetcook li^ver, and it can be identified with one

of the limestones of Lower Stew'acke.

(c?.) Brownish or buff-coloured impure limestone, very rich in shells

(Windsor Limestone, llai'tt)

—

Avicidopeden Limestone. This limestone

especially abounds in Lamellibranchiates, particularly species of

Aviculupecten, Pteroniles, Macrudun, and Modiola. Naticupsis lloivi

is also very characteristic. It also contains Pruductiis cora (var.),

Terehratula sacculus, Rhynchonella Evangelini, Ilartt, a Leperdilia, and

a ^erpula ; and the little coral t^tenopora exilis is very common. Bake-

vellia antiqua also occurs in it, and a Conularia. The Brachiopods in

this bed arc small and depauperated, indicating probably shallow and

turbid water. This limestone appears to correspond to the shell lime-

stone of Gay's Kiver, near Wordsworth's, that of " Anthony's Nose,"

Shubenaeadie, and the yellow limestone of Do Bert Kiver.

(c.) Compact gray siielly limestone (Stewiacke Limestone, Ilartt),

Productus Limestone. This is the richest of all the beds in fossils, and

contains the greater number of those mentioned in the following lists.

More especially it abounds in Productus cora, Athyris subtilita, Tere-

hratula sacculus, Fencstella Lyelli, Afacrodon llardingi, Conularia

planicostata ; and it is the special habitat of Nautilus Avonensis, and

Orthoceras dolatum, 0. Vindohonensc, 0. laqueatum, and 0. pcrstric-

tum. It is the equivalent of the upper or red De Bert limestone,

the Admiral's Rock on the Shubenaeadie, and the Brookfield shell

limestone.

Are these subdivisions of the Windsor limestones, as indicated

by Mr Ilartt, merely local, or have they a more general value?

In writing to Mr Davidson, in 18G2, I was inclined to believe that the

lithological differences in the limestones are local, and " may iiavc

been caused through the limestones having been deposited in limited

basins or narrow straits, and probably at a time of much volcanic dis-

turbance," and that the oidy general distinctions are those between the

Lower limestones and the Upper, the former being "darker in colour,

more laminated, and less fossiliferous," and characterized by the jjreva-

lence of certain species of fossils. Mr Ilartt's investigations have so

far modified these conclusions, that I am prepared to admit, for the area
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of Colchester and Hants at least, a more minute general subdivision.

I would still, however, group sections (a), {b), and (c), as the Lower

series, which I believe can bo traced throu^'hout Nova Scotia, and

sections (rf) and [e) as the Upper series, Avhich is also very generally

distributed. To these I would add a third group (/), including the

Upper Carboniferous marine limestone of Wallace, with Productus

semireiiculatus {?), a small and depauperated form, Aviculopccten sim-

plex, Terehratula saeculus, and Cardiomorpha, sp. Taking this view,

the following table will give the distribution of these sub-formations

as far as known to me :

—

Tabular View of the Subdivisions of the Carboniferous Limestone of

Nova Scotia [in descending order).

i

Subdivisions.
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not resemble the so-called Sub-Carboniferous limestones and fossils of

the Western States, but are more nearly allied to those upper members
of the Carboniferous known in the west as Permo-carboniferous. Dr
Newberry and Mr Meek, to whom specimens have been shown by Mr
Ilartt, were much struck by these difFerences and resemblances ; and

the latter suggests the idea that we may here have what M. Barrande

would call a " colony " of Permian fonns in the Carboniferous age,—

a

suggestion which contains the germ of the true solution. This same

solutior, in another form, is also indicated in the following extract

from Mr Davidson's paper in reference to the remarkably rich shell

limestone of Brookfiold :

—

" The very remarkable shell-rock above described occurs at Brook-

field, a little east of the Sliubeuacadie River ; it was first discovered

by the late Mr G. Duncan, and by him made known to Dr Dawson.

It is in the line of strike of the Shubenacadie beds, and is doubtless a

continuation of them. This rock has such a great general resemblance

to certain Permian shelly limestones with which I am acquainted,

that, had the specimens been submitted to me without any indication

as to their geological age, I should certainly have felt somewhat

puzzled to determine whether I had to deal with a Permian or a

Carboniferous rock and its fossils ; and, indeed, when M. de Vcrneuil

determined these fossils for Sir C. Lyell in 1845, he enumerated,

among others, Terebratula elonc/ata and T. siifflatcty Schl., Spirifera

criatata, Schl., Avicula antiqua, Minister, a Alodiola, a Littorina, and

one or two other fossils which he considered to be common to both

the Permian and the Carboniferous strata. Although I may modify

to some extent the lists of species published by Sir C. Lyell and Dr
Dawson, I quite coincide with what is stated by the former author, at p.

205 of his ' Travels,' viz., ' That geologists should at first arrive at this

result (of considering the rocks in question as the equivalents in age of

the Permian of Russia) will siirpi'ise no one who is aware how many of

ti.c fossils of our Magnesian limestone and Coal resemble each other,

or who studies the lists given at p. 218, in which several species both

of shells and corals from Nova Scotia, identical or closely allied to well-

known Permian or Magnesian limestone forms, arc enumerated.'

"

I venture to give the explanation of the whole difficulty in the

following statements, the illustration of which must be sought in the

descriptions of these rocks in other parts of this work :

—

(1.) The fauna; of the seas of the Lower Carboniferous, Coal

formation, and Permian periods, both in Europe and America, present

so great similarities that they may, in a broad view of the subject, be

regarded as identical.

I
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LOWER CARBONIFEROUS FOSSILS.

Conularia, Sfrophomena, Zaphrentts, etc, either not found, or rarely

found, higher than the Lower Carboniferous in other countries.

It is a matter of regret to me that I have not had time fully to

investigate all the facts bearing on this curious question. I would

commend it to those who may follow me, to whom that Avhich I have

been able to do may at least be of service in guiding their researches.

Descriptive List of Fossils of the Carboniferous Limestone.

Protozoa.

Dentalina priscilla, n. sp. (Fig. 82), coll. Hartt, Windsor.—Shell

formed of several elongated or short cells, separated from each other

externally only by slight constrictions ; diameter about l-40th of an

inch. This little shell is very abundant on the surfaces of bed (i),

Windsor, but always in fragments. I do not feel at all certain as to

its affinities, more especially as in the longitudinal section it docs not

show true septal plates, but only slight constrictions at the nodes.

Fig. 82.

—

Dentalina ; nat. size and magnified. Fig. 83.

—

Litlwstrotion Pictoense,

Longitudinal and Transverge

Sections.

'ermian

Scotia,

ronella,

Radiata.

Lithostrotion Pictoense, Billings (Fig. 83), coll. J. W. D., East River,

Pictou.—This fine coral is characteristic of a thick bed of limestone

at Lime Brook, East River. The following description has been

kindly prepared by Mr Billings ;

—

*' Corallum fasciculate, dentlroid. The corallites arc elongate, cylin-

dro-turbinate, the young individuals springing from the sides of the

adult at various heights, rapidly attaining the full size ; at first slightly

divergent, then parallel, and usually in contact with each other, or

nearly so. They seem to be covered by a thin compact epitheca, and
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of tlie same species, at Went IJivcr, Pictou. In old specimens the

sides become very rugose, and the coral becomes narrowed at the top.

Fig. 84.— ((() Ztiphrentia Minaa
;

(h) Cijatliophjllum Billiwjsi.

Cyathophyllum BilUngsi, n. sp. (Fig. 84, J).—Corallum circular in

cross section, short, curved at the base. Unbroken fuirface with

vertical low ribs and strong transverse plates ; broken surface with

square reticulation. Calice shallow, with about forty equal, straight

septa. Coll. llartt. Lower Stewiacke.

Fig. 85.— («) Slcnoijora cxilis ; \p) Cliaetetea tumidua.

Stenopora exilis, n. sp. (Fig 85, a), coll. J. W. D, and C. F. Ilartt,

Shubenacadic, Windsor, Stewiacke.—This is the coral, or one of the

corals, designated as Ceriopora spongites in my former edition, and it

is scarcely distinguishable by external characters from Calampora

JlJacrothii, of King's Permian fossils ; but it wants entirely the generic

characters of Calainopora, and therefore I describe it here as a distinct

species, though by no means affirming that it may not be identical

with some of the species of little branching Carboniferous corals about

which so much confusion exists. It presents slender cylindrical

branches, ramifying irregularly and sometimes anastmosing, from half

a line to a line in diameter, and covered with minute contiguous hex-

agonal cells with small spines or papillae on their separating walls.

> , 'J-''
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In a longitudinal section the cells arc seen to rise vertically, and then

suddenly curve to the surface, increasing at the same time in diameter,

and having near the aperture a few thin transverse plates. It is

perhaps worthy of inquiry whether this may not have heen a Polyzoan

allied to lldopora. It is very ahundant at Windsor and on the Shu-

benacadie, subdivision [d),

Chaetetes tumidus (Fig. 85, J), Edwards and Ilaime.—I refer to this

common Carboniferous species, a coral very abundant at Stewiacke, and

occurring also at Windsor and in Cape Breton, and which a careless

observer might readily confound with the preceding. It is, like it, a

slender branching coral, but often moi'ti robust, and sometimes pre-

senting even rounded or papillose masses ; and in the longitudinal section

its tubes do not curve suddenly outwards, but turn from the centre

witli a gentle sweep toward the surface. Externally also it has no

spines on the separating walls. Though I suspect that the synonymy

given by Edwards and Haime includes several species, I feel certain

that the present is one of them, and I have no hesitation more jiar-

ticularly in identifying it with Favosites scabra of De Koninck. All

these smnll branching corals of the Palaeozoic rocks require a thorough

microscopical examination.

Crinoidea.—Though some beds of limestone on the Shubenacadic

at Windsor, and on the East River of Pictou, are full of crinoidal

fragments, more particularly the joints of the stems, no specimens

sufficiently complete for description have yet been found.

MOLLUSCA.
;

Polyzoa.

Fenestclla Lyell'i, n. sp. (Fig, 86), coll. J. W. D., Windsor; coll.

Hartt, Stewiacke.—This beautiful species is very characteristic of

rig. ^&.—FeneateUa Lyclli.

•-^

[a) Natural size. (6) Portion enlarged. (<•) Cells and spines in profile.
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one of the limestones of the Windsor series, aiul is, I think, certainly

new and undescribcd. The non-porifcrous side has thick parallel

bifurcating ribs, with rounded surfaces finely striated longitudinally,

connected by much thinner and rounded cross hars, enclosing oval

fcnestrules. The poriferous side has the bars angular above, and

with a central carina, beai'ing a row of small tubercles, which in the

best specimens are seen to bear delicate spines. The pores are in

two rows at the sides of the ribs. Its nearest allies are F, rctcforrnis,

Schlol., and F. carinata, M'Coy, but it differs materially from both,

more especially in its characteristic spines.

Fenestella, another species, coll. J. W. D., Stcwiackc, with two

rows of large contiguous pores. Resembles /''. Morrisii, M'Coy, but

has the pores closer to each other.

Fenestella with larger fcnestrules, not determinable. Coll. J. W. D.,

West River, Pictou.

Bercnicea, Lamx.—Two species of encrusting Polyzoa occur on

shells in Mr Ilartt's collections from Windsor. They may, in the

meantime, be referred to this genus, but arc not determinable.

Brachiopoda.

The following descriptions of the Brachiopods of the Carboniferous

limestones of Nova Scotia are extracted from Mr Davidson's paper

above referred to, and the figures are from his drawings ;—

" Terebrahda sacculus, Martin, sp., 1809, and varieties (Fig. 87),

" Terehraiula dongata and T. sirfflata, De Verneuil, in Sir C. Lyell's

' Travels in North America,' vol. ii., p. 220, 1845 ; and in Dawson's

'Acadian Geology,' p. 219 (Fig. 27), 1855.

Fig. 87.

—

Tcrebratida saccvlus, Martin ; and interior, sJiowing loop.

n

" All the Terehratidce from the Lower Carboniferous strata of Nova
Scotia that have been forwarded to me by Dr Dawson, as well as

those brought from that country by Sir C. Lyell, are variable in shape,

but are evidently referable to a single species. M. de Verneuil has

identified this shell with Schlotheiin's T. elongata, and mentions that
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exactly similar (except in dimensions) to those found in other parts

of America and I"]uro])o. The spiral processes arc often preserved.

Fig. 88 («, h).—Ath\jriB nAtiUta, Hall
;

(c) interior, allowing siiircs.

" This shell occurs hy millions in the Lower Carboniferous limestone

of Shubcnacadie, Ihuokfield, etc.

" Spirlfera.—The four so termed species referred to in the lists given

by Sir C. LycU and Dr Dawson appear to belong to two, or at most

tlirce (?) species.

'' Sini'ifera glabra, Martin, sp. (Fig. 89).

" Conch ijUoUthus Anomitcs glabe?', Martin, Pctrif. Derb., pi. 48 (figs.

9, 10), 1809.

^^ Sjn'rifer glaber, Do Verneull, in Sir C. Lyell's 'Travels in North

America,' vol. ii., p. 221, 1845, and in Dawson's 'Acadian Geology,'

p. 37G, 1855.

Fig. 89.

—

Spinfcra glabra, Martin.

"This appears to be a common fossil in the Lower C a..( tiferous

limestone of Nova Scotia. It is identical in charactei ,• iui those

found in Great Britain ; one example brought homo by Sir C. Lyell

measured 13 lines in length by about 17 in breadth.

" It occurs at East River of Pictou, Mabou, Cape Breton, Windsor,

Brookfield, Mcrigomish, etc.

^^ Spiriferina crtstata, Schlothcim (Fig. 90).

" Spirifer octoplicaius, Sow., Min. Couch, pi. 562 (figs. 2, 3, 4)

;

Dav. Mon. Carb. Brach, p. 38, pi. 7 (figs. 37, 47).

II

ii
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" At |). 221 of liis 'TnivolH,' Sir ('. Lyoll inciitioiis Spirifi'r rrintnln/i,

Sclil., Sp. niiniinus, Sow., nnd Sp. octojiliralus, Sow., as liiiviiip Ikm^u

found ill tlio fjower (!iirl)oiiif('r(ms liiiKistoiie of Novii Scotia; but it is

probai)lc tlmt at least two of tlio shells so torincd—iiajiiely, Sp. crisfatus

and Sp. ortiijilic((tus, arc refcraldi! to a sin^^'lo, species. T' ^^'wa-

Scotiaii H|ii'ciiMeiis of the shell under notice arc all very si .lono

of those that have conic mider my notice exceeding four lines in length

by five ill width ; they exactly resemble some siieeimiMis of the same

species found in the Carboniferous shales of Capcl Uig, East Kilbride,

Scotland.

" Sir C. Lyell mentions liaving found this shell at Windsor, Jb'ook-

field, Shubenacadie, nnd Do IJert Itiver, in Nova Scotia; and i)r

Dawson adds East lliver, but that it is nowhere so plentiful as in the

shell conglomerate of lirookticld.

Fig. QO.—Sj'iri/er cnntata, Sclilotlicini. Fig. 91.

—

SpiHfcr acuticoatata, Do Koninck.

^^ Spirlfer ocuticostata, De Koninck (Fig. 91).
'' Spirlfer acuticustatus, De Koninck, ' Description dcs AnimauA Fos-

siles qui sc trouveiit dans le Terrain Carbonifiirc de la Belgiquc,'

p. 265, pi. 17, fig. 6.

'• Shell small and transversely oval ; valves convex, and ornamented

with from twelve to fourteen small angular ribs. The mesial fold is

comparatively wide, flattened, and longitudinally grooved along the

middle. The sinus in the ventral valve has a small median angular

rib, which commences at about the middle of the valve and extends

to the front. Beak small, incurved; area triangular and of moderate

dimensions. Length four lines, -width five lines, depth three lines.

" Upon sending a proof of the plate illustrating this paper to Professor

De Koninck, he wrote back that two of my figures were referable to

Sp. aciiticostatus ; and, except in size, they certainly resemble those

given by the distinguished Belgian Professor. It must, however, be

remembered that in some specimens of Sp. cristattts, or of its Carbon-

iferous representative, Sp. octoplicatus, the mesial fold is flattened along

its middle, and even possesses in some cases a shallow groove along

its centre, as seen in De Koninck's Sp. aciiticostatus. All these

modifications in British specimens have been described and illustrated

at pages 38 and 226 of my 'Monograph of British Carboniferous

Brachiopoda.'

iiji
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"This snmll h\\c\1 in very nliundivnt in the wlicU liincstono of Ilrook-

fifld, SluilMMmcadio, niid in some other hicnlities in Nova iSeotin, where,

it is alwiiys ft.ssoeiatcil with .S/). rristalus, of whieh it may iierhivps

after all he no nioro than a niodilieation.

" Cm.xnrophnrln and It/ii/nr/i(inrlln.—The ppeeinicn.s rcferahle to

these geiieni .sent nio \)y Dr Dawson, as well as those bron}j;ht to

England l)y Sir C. liycll, nro generally very small, and not in nil

cases snllieiently complete to warrant a satisfactory determination.

1 have, however, carefully represented the principal forms.

Fig. M {(i),— ('ameroi>horia tjlulmliiiii, Phillips; nut. si.r ami mnijnijlal ; (fc) variety

vj'thc sdiiic.

" Camarophoria (?) glohullna (?), Phillips (Fig 92, «, i).

" Tercbratula fflobulina, Phillips, Encycl. Mctr., vol. iv., article

'Geology,' pi. 3, fig. H, 1834.
'^ Terchratula r/iomboidca, Phillips, Lleol. Yorksh., vol. ii., p. '222,

pi. 12, figs. 18, 20, 1836.

" llemilhyris longa, M'Coy, British Pal. Foss., p. 440, pi. 3, D., fig.

24, IBSf).

" Of this very small shell I have been able to examine only three

specimens; but it is stated to bo abundant in a yellow arenaceous

limestone at De Bert River, where, according to Dr Dawson's expe-

rience, it is always small. I have also felt .somewhat puzzled in the

determination of this fossil ; but, after having consulted Professor De
Koninck, I concluded to refer the specimens to the same species, not-

withstanding the apparent difference they present. Professor Do
Koninck referred one of them to T. rhomboidca, Phillips, which is a

syuonymc of Camarophoria gli)buUna ; and after minutely comparing

the Nova-Scotian specimens with the (/arboniferous and Permian

types, I could perceive no diflference sufficient to warrant the creation

of a new species. The three specimens were exactly of the same size,

namely, three lines in length by three in width, and two and a half in

depth. The uncertainty which both Professor De Koninck and myself

have experienced refers to a specimen which much resembles, in minia-

ture, a form of Rhynchonella acuminata; but when we remember

./li'V
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beak is gently incurved, and exhibits a small circular foramen under

its angular extremity. Length five lines, width five lines, depth threo

lines.

Fig. 94.

—

lihyiichoiiclla Acadienais, Davidson ; nat. size and maynificd.

" Of this shell I have seen but two specimens, which I detached from

a lump of the Brookficld shell-limestone, and of which one exhibited

the twocurvcd internal lamellaicharacteristic of the genu& Rhynchonella.

It is quite distinct from young shells of Rlnjnchondla pugnus and R.

plcAirodon. In the last-named species the ribs that adorn the lateral

portions of the dorsal valve are very much curved, while those of the

ventral arc nearly straight, with their extremities bent upwards ; in

addition to which, the ribs begin to be longitudinally grooved along

their median portion at some distance from the margin. None of

these characters are observable in the small Rhynchonella under

description.

" Rhynchonella., sp.—Upon some fragments of Lower Carboniferous

limestone brought from Nova Scotia by Sir C. Lycll arc several imper-

fect, undeterminable valves of a Rhynchonella, which differs from the

preceding species by its size, as well as by the number of its small

radiating ribs. Of these last I have counted as many as thirty-five

or forty upon each valve. In size it appears to have measured about

seven or eight lines in length by nine in width. I abstain from

proposing for it a specific denomination, as the material is so imper-

fect. The specimen belongs to the Geological Society.

" Rhynchonella pugnus
(J),

Martin, sp., Petrif. Derb., tab. 22, figs.

4, 5, 1809.

" Two or three very small specimens, received from Dr Dawson after

my plate had been completed, much resemble certain young shells of

Martin's species; they are derived from the Lower Carboniferous

limestone of Windsor and East River.

"^ Strophomena analoga, JMiillips (Fig. 95).

" Producta analoga, Phillips, Gcol. Yorksh., vol. ii. pi. 7, fig. 10,

1836.

" Upon a specimen of dark, impure limestone brought from Nova
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Scotia by Sir C. Lycll, and now in the Society's Museum, I found a

Avcll-charactti-izcd example of this species, which in Sir C, Lyell's

list had been confounded with Productus Martini.

Fig. 95.

—

Stroplwmcna analoga, Phillips.

Hi
!'

!
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Fig. 96.

—

Streptorhjncht'.s creniatria,

Pliillips, and scul^iture magnified.

'''' Streptorhynchus crenistria, Phillips (Fig. 96).

" Several crushed valves, referable to this species, occur on a speci-

men of Carboniferous shale from East River, Pictou,* for which I am
indebted to Dr Dawson. These valves exactly resemble certain small

specimens found in several British Carboniferous shales. Their

surfaces are covered with numerous radiating raised stri£E, with a

smaller rib between the larger ones, the Avholc being closely intersected

by fine concentric lines, thus giving to 'he longitudinal ribs a

crcnulated appearance. Professor De Koninck coincides in my
identification.

" Productus.—Although Sir C. Lyell and Dr Dawson mention seven

species of this genus as having been found in the Lower Carboniferous

rocks of Nova Scotia, all these, as well as the specimens I have been

able to examine, can be referred to two species only, namely, P. semi-

reticulatus and P. cora ; and I may mention that Prof. De Koninck

coincides in this view.

''Productus scmireticulatus, Martin (Fig. 97).

'•'Anomites semireticidalus, Martin, Petrif. Derb., pi. 32, figs. 1, 2, and

pi. 33, fig. 4, 1809.

" This species is so well known that all I shall require to state is,

that the Nova-Scotian specimens arc exactly similar to those found in

Europe. Producta Martini, P. concinna, P. antiquata, P. Scotica,

mentioned by Sir C. Lyell at p. 220 (vol. ii.) of his 'Travels in

America,' as well as by Dr Dawson in various pages of his ' Acadian

Geology,' belong to a single species, namely, Productus semireticidatus,

Sow. The * P. spinosa, Sow. (?) var. of P. Martini,' of Sir C. LycU's

* Tlie locality is incorrectly given ShubenacacUe in the paper quoted.

1 1 ii
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list, belongs likewise to the species under description ; but P. spinosa,

Sow., specimens of Avliich I have rot seen from Nova Scotia, is a

distinct species. Sir C. Lyell mentions Windsor, Brookficld, Sluibcua-

cadie, East River, Do Bert Kiver, and Minudie. Dr Dawson states

that the shell is found almost everywhere—at Pugwash, near Amherst,

Boulardaric, Cape Breton, Ilorton Bluff, Gay's River, etc.

Fig. 97.

—

Prodiictua semireiiculattis.—JIartin,

Ut) Ventral valve. (l) Small specimen showing dorsal valve.

" The largest specimen measured one inch and a half in length by

about the same in width. The variety Martini is also found in the

same locality.

Fig. 98.

—

Productus cora.—D'Orbigny.

(<i) Dorsal, and [b) ventral valve.

" Productus cora, D'Orbigny, 1842 (Fig. 98).

^^Productus cora, D'Orbigny, 'Palaeont. du Voyage dans I'Amerique

Murid.,' p. 55, pi. 5, figs. 8, 9, 10, 1842.

"P. comoides and P. Scoticus, De Kon. 1843 (not of Sow.)

" Producta corrugata, M'Coy, ' Synopsis of the Carb. Limest. Fossils

of Ireland,' pi. 2G, fig. 13, 1844.

"P. Lyelli, De Verncuil, Sir Charles Lyell's 'Travels in North

America,' vol. ii. p. 221, 1845.

"P. tcmdstriata and P. Ncjfeditvi, Do Vcrn., 'Russia and the Ural

Mountains,' 1845.

-'Ill
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" P. cora, Dc Koninck, *Mon. du Genre Produdus,^ pi. 4, fig. 1, 1847.

" P. piteiformis, M'Chesncy, ' Dcscr. of New Species of Fossils from

the Palajozoic Rocks of the Western States of America,' p. 40, 1849.

*'P. Lyclli, Dawson, 'Acadian Geology,' p. 219, fig. 9, 1835.

" P. Cora, Dav., ' Mon. Carb. Brach.,' pi. 3G. fig. 4, pi. 42, fig. 9, 1861.

" After a very careful examination of nine or ten specimens of P.

LyelU from the Low r Carboniferous limestone of Nova Scotia, I

have reluctantly been i bliged to place M. de Vemcuil's species among

the synonymes of P. cora, the latter name (as may be seen by the list

of synonymes above given) claiming three years' priority. All the

Nova-Scotian specimens I have been able to examine were small, not

exceeding about 11 lines in length by some 12 or 13 in width. But

it must be remembered that, as a general rule, the Nova-Scotian

species and specimens, although adult, are small, and in this respect

are exactly similar to those we find in Scotland. The surface is

covered Avith numerous longitudinal, straight, or slightly flcxuous,

narrow, thread-like, rounded stria;, with sulci, or interspaces, of rather

less width ; smaller stria; arc also here and there intercalated between

the lai'ger ones. The ribs are also regularly and closely crossed by

small concentric lines.

"P. cora is a widely spread Carboniferous species, having been

found in many parts of America, India, Europe, etc.

" Sir C. Lyell found this shell at Windsor, Ilorton Bluff, Shubena-

cadie, Gay's River, Minudie, and Cape Breton, in Nova Scotia. Dr

Dawson states that it occurs almost everywhere—at Pugwash, on the

eastern coast of Cumberland, at Lennox Passage, M'Kenzie's Mill, at

the eastern extremity of Wallace Harbour, etc."

Mr Hartt has kindly furnished the following descriptions and

specimens of additional species of Brachiopoda :

—

Jthynchonella Ida, Hartt, Bed A, Windsor. Coll. C. F. Hartt.

—

Shell elliptical, transverisc, wider than long, rounded on the sides,

truncate in front, angular at the umbo, inequlvalve. Dorsal valve

large, more inflected than the ventral, moderately arched, slightly

depressed in umbonal region, with a wide, slightly elevated mesial fold.

Ventral valve less arched than dorsal, highest in the middle, from

which point it curves regularly to the umbo and posterior margin.

Umbo sharp, angle made by sides of valve at the umbo a right angle.

Outline of valve a right angled triangle rounded at the acute angle.

Sides of valve depressed. A shallow sinus corresponds to the fold of

the dorsal valve. It originates near the middle of the valve. Umbo
more or less strongly recurved. Foramen small, triangular. Deltidium
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in two narrow pieces. False liinge area narrow. Surface marlccd by
16—21 large elevated rounded radiating plaits, each ono of wliicii

increases in size from the umbo to the margin. They also increase

in size from the sides to the sinus or fold, on the side of which the

largest one occurs. Tiie sinus is occupied by 3—4 small plaits of equal

size. Length, 5-lGth inch; breadth, 9-16th inch; thickness, 4-lGth

inch.

The above is believed to be identical with a species referred to by

Mr Davidson, as represented in the collections submitted to him, by

only one imperfect specimen, and delineated at fig. 15 of his paper.

Rhynchonella Evangelina, Hartt.—Shell minute, length about 5- IGths

of an inch, length and breadth about equal, greatest breadth at middle.

In dorsal aspect square, the umbo forming an angle, the three others

rounded, in umbonal aspect triangular. Dorsal valve very much
larger, and more inflated than the ventral ; would be semi-globose but

for a prominent mesial fold, which originates at or about the middle of

the valve, and seems growing higher and higher to the posterioi mar-

gin, beyond Avhich it projects, forming one of the angles of the square.

In profile the fold describes a more or less regular quadrant, the pos-

terior part of which becomes parallel, or nearly so, with the longi-

tudinal axis of the shell. The summit of the fold bears two or three

angular plaits, separated by a deep groove or grooves, which origi-

nate with the fold, and grow deeper as the latter becomes more elevated.

Fold with steep flattened sloping sides; occasionally these bear

minor supplementary grooves. On each side of the shell are two or

three large radiating angular plaits, originating about half-way from

the umbo to the margin, in running towards which they increase in

size, describing in profile a regular curve. As the valve has a more

or less steep slope from the fold to the sides of the valve, these

plaits have a narrow slope on the inner and a long one on the outer

side, so as to give to them an imbricated appearance. Ventral valve

depressed foi-ward, with a deep, wide mesial sinus, beginning near

the umbo, and corresponding to the mesial fold of the opposite valve.

Sinus occupied by prominent plaits corresponding to the grooves on

the summit of the fold. On the sides of the shell, plaits, corresponding

in like manner to these grooves of the opposite valve. Where there are

two grooves on the fold, the two corresponding ventral plaits are

formed near the anterior part of the sinus by the bifurcation of a single

plait. Umbo angular, sharp-pointed, and quite strongly recurved.

Foramen narroAV, triangular, with deltidium in two pieces. Interior

of dorsal valve with the two short curved processes so characteristic

of the apophysary system of Rhynchonella.
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loops of my Carboniferous species and that of Rensselaria. This

species is not uncommon in the Windsor limestones at Windsor, where

it is usually so preserved as to show the interior with loop. The shell

appears to be very fragile, and specimens showing the external char-

acters are rare ; at least I do not possess an example. There is a

species of Ccntrondla occurring in the Stewiackc limestones at

Windsor and Stewiackc which may be identical with this, but I

have no good specimens for comparison.

Centronella, as ftir as I am aware, has been found only in Devonian

rocks. Its occurrence in the Carboniferous limestones of Acadia, with

forms so Permian in character, is vciy intci'csting.

Spirifera striata, Martin, coll. Ilartt, from Windsor.—A ventral

valve, ]^ inch in breadth, has been found by Mr llartt in the AVind-

sor limestones. It docs not appear to differ from specimens of the

well-known British S. striata in my collection. It is the largest

Spirifer yet found in Nova Scotia, and helps to icdocm our Lower

Carboniferous shells from the charge of prevailing smallnoss.

Crania.—A valve attached to a specimen of Productus cora in the

collection of Mr Ilartt from Windsor. It is too obscure to be deter-

mined or named.

LamelUbranchiata.

Modiola Pooli, n. sp. (Fig. 100), coll. J. W. D. and II. Poole,

Shubenacadie, Windsor, Irish Cove, C. B.—Tumid, elongate ; nearly

cylindrical, but more tumid in front j surface with delicate lines of

growth.

Fig, 100.

—

Modiola Pooli [cast]. Fig. 101.

—

Pteronitea Cfaycnais.

Modiola Avonia, n. sp., coll. Ilartt, AVindsor.—A regularly ovate,

smooth (?) species, known to me only by casts which abound in bed (d).

Pteronites Gai/ensis, n. sp. (Fig. 101), coll. J. W. D., Gay's River,

Chester, similar in general form to P. latus, M'Coy. Beaks prominent,

pointed ; hinge-line straight, reflected, anterior extremity very short,

posterior part flattening and widening with a regular curve to the

broad rounded posterior extremity. Surface with rounded concentric

wrinkles.

Bakevellia anliqua, Munst., coll. J. W. D., Gay's River.—A very

characteristic and abundant shell, with the last species, and also in the

[l ^.
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rounded. Anterior end gibbous tiud narrow. Very common at

Shubenacadic and Windsor, also in Cape Breton. Its genus is

uncci'tain.

Meterodon.—A fourth species is known to me only by a few casts

of the interior. It is more elongated than M. Ilardinffi, and is

rounded at the posterior extremity. Its external surface is unknown.

Fig, 103.— jilacrodon Shubenacadiensis {cast). Fig. 104,

—

Edniondia Harttii.

Edmondia Harttii, n. sp. (Fig. 104), coll. Ilartt, Windsor.—Trans-

versely oblong, flattened, regulai'ly rounded posteriorly, marked with

very coarse concentric lines of growth. Resembles E. sulcata, Phil.,

of the English Carboniferous limestone, but is more elongated and

rounded posteriorly. Length one inch six-tenths, breadth eight-

tenths.

Fig. 105.

—

Edmondia anomala. Fig. 106.— Cyjjricardia insccta.

[a] Outline of hinge-plate.

Edmondia anomala, n. sp. (Fig. 10^), coll. Ilartt, Windsor.

—

Transversely elongate ; anteriorly elongate and pointed
;

jiosteriorly

descending abruptly from a line passing backward from the tumid

beaks to the lower side of the posterior margin. Surface marked in

the central part with regular concentric folds. Fulcral plate extending

more than half-way from the beak to the posterior end, widening and

abruptly rounded posteriorly, llescmbles a Scdgwickia in form, but

differs in the hinge.

Cypricardia insecta, n. sp. (Fig. 106), coll. Ilartt, Windsor, bed (a).

—Transversely oblong. Thrice as Avide as long, anterior end very short,

posterior somewhat keeled. Hinge-line rather more than half as long

as the shell, posterior margin rounded. Surface covered with strong

concentric folds. Length, one inch nine-tenths.
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rieurnphnrus qiiadricostatus n. sp. (Fig. 107), coll. Htirtt, Stowiackc.

—Shell elongate, beaks near anterior end. llingc-linc nearly straight,

central margin with a fold and sinus under the beak, and curving

thence to the rounded posterior end ; four obscure radiating ridges

diverging from the beak to the posterior margin, crossed by low con-

centric undulations. Length, five lines. Bed (e).

Fig. i(fJ.—Pleuroplwrus quwh-icoatatus. Fig. 108.— C'ardinia aub-anguhUi.

IsQcardia.—Like /. transversa, Do Koninck, but narrower. A cast

from East River, Pictou. (Collected by Mr D. Frascr.

Cardinia nana, De Koninck, coll. J. W. D., Onslow, in an impure,

black, flaggy limestone.—The specimens are larger than the Belgian,

but otherwise similar.

Cardinia sub-anr/idata, n, sp. (Fig. 108), coll, J. W. D., Pugwash.

—

Form oval, with an obscure ridge from the beak to the lower part of

the posterior end. Surfiicc covered with irregular lamellar lines of

growth.

Cardinia Antiffoncsensis, n. sp., coll. J, AV. D., Antigonish.

—

Regularly oval, but somewhat narrower posteriorly ; beak a little in

front of the middle. Breadth rather less than half the length. Sur-

face marked with delicate growth lines, but smooth.

Area punetifer, n. sp., coll. Hartt, Windsor.—Shell broad oval in

form, truncate posteriorly, the tumid beaks and middle portion de-

scending abruptly behind to the straight hinge-line. Surface with

regular flattened concentric ridges, crossed, especially near the posterior

margin, by oblique radiating lines, each composed of a thin ridge

bearing a row of minute papillai. Bed (a). The specimen is only

a fragment, but must have been nearly an inch broad and two inches

long when entire.

Cardiomorpha Vindobonensis, Ilartt (Fig. 109).—This species is

known only by casts, one of Avhich is faithfully represented in the

figure.

Cardiomorpha Arehiacana, De Koninck, occurs with the above in

the Windsor limestones.

Conoeardium Acadianum, Ilartt (Fig. 110), coll. Ilartt, Windsoi".

—

Triangular, with a very prominent central ridge. Prolonged posteri-

orly into a very long wing or siphonal tube. Anterior slope marked

'
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with radiating ribs, about twelve in number, anil becoming wider and

flatter toward the margin. Length about three lines.

Fig. 109,

—

Cardiomorpha Vindoboncnaia {cast). Fig. 110.— Conocardhtm Acndinnum;

nut. aixc ami iiiwjiiijkd.

Conocardium.—A fragment of a cast of a much larger species, with

very distinctly marked scaly ribs, occurs in Mr llartt's collection

from Stcwiackc.

Aviculopecten Lydli, n. sp., coll. J. W. D. and C. F. Ilartt (Fig.

Ill), Windsor, Shubenacadie, etc.—Shell orbicular, as wide as long,

Fig. III.—Aviculojiccten Lyelli.

I

(a) and (6) Varieties of sculpture
;

(c) hinge-line.

narrowed behind, hinge-line equal to three-fourths the longitudinal dia-

meter. Left valve slightly convex, greatest convexity being just behind

the middle, sloping thence gradually to the border, where it is almost

plane ; umbo well marked, and quite strongly incurved. Ears flattenet'.,

the posterior not separated from the umbo, but sloping gently there-

from. Anterior separated from the umbo by a narrow, steep, smooth

slope. Anterior ear rounded, and with a wide shallow notch under

it
;
po.sterior pointed, and with its lateral margin concave. Surface

of valves ornamented by about sixty rounded, well marked, radiating

plaits, separated by deep furrows as wide as the plaits. The plaits

increase both in height and breadth in going from the umbo to the

margin. They increase near the front and sides by implantation.

Those on the side of the valve are slightly curved ; on the umbo they

can scarcely be distinguished. The plaits arc ornamented by numerous

sharp squamous processes, which appear to be arranged in concentric

rows. These rows are separated by a space equal to that between



.
" ""IP '

n 'I,

»!i

I (

M I

t i#i

!
'

I
I

I

m

1 '

!il

i



rossii-s or tiii. cardoniferous limkstonks. 307

or a variety of tlio proceding. Its nearest relative in the Carboniferous

of Europe is, I think, 1', (jibbosus of M'Coy.

Aviculopecten Acadiciin, liartt (l''ig. 111).—Left valve minute,

5-32C18 of an inch in width, circular, arched, umboncs not distinctly

seen, posterior flattened niodinituly, not distinctly separated from the

umbo. Surface of valve, exclusive of the ears, which are not exposed,

ornamented by ten primary, narrow, prominent, raised radiating lines,

separated by a space equal to twice the width of one of the lines.

In these spaces secondary lines arise, not attaining the dimensions of

the primaries, so that the surface is covered with alternately large and

small lines ; there are also a series of delicate concentric lines, which

gives to the surface a reticulated appearance.

A single specimen of this pretty little shell occurs in Mr llartt's

collection from bed (a) at Windsor. It seems quite distinct from the

others.

Aviciilopccten cora, n. sp. (Fig. 115), coll. J. W. D., Shubenacadio.

—Similar in general form to A. LycUi, but more regularly tumid,

longer, with smaller ears, and the surface regularly marked with very

tine radiating stria;, resembling those of Produclus cora.

Fig. 114.

—

Avicuhpcctcn AcmUcus; Fig. U.').

—

Ariculopecten cora; Fig. 116.

—

Avicido-

sculiiture maijnificd, sculjiturerna^nijied. i^ectcn D:bcrliaitua.m
Aviciilopccten.—Fragments of large specimens from the Shubena-

cadio
; have broad nodose ribs, resembling Pectcn pUcatus.

Aviculopectcn Debertiantis (Fig. 116), n. sp., collected by J. W. D.,

Lower Limestone, De Bert River.—Shell rather flat, broader than

long, small ; breadth less than half an inch. Anterior car narrow,

convex, separated by a deep notch from the margin. Posterior ear

very small. Surface in perfect specimens marked with concentric

furrows and obscure radiating lines. This species resembles P. pusilhts

more nearly in general form than any of the preceding, but in the

ears is nearer to P. depilis, M'Coy.

Pteropoda.

Conularia planicostata, n. sp. (Fig. 117), coll. J. W. D., Irish Cove,

Cape Breton, Windsor, and Shubenacadie.—Form very elongate,

pyramidal. Cross section square, but by pressure becoming rhombic

;

surface marked by thin raised ribs, in perfect specimens with very
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delicate oblique Btriaj on their edges. The ribs vary much in their

distance in different parts of the same specimen, and in different

Fig. 117.

—

Conularia planicostata.

specimens (from five in a line to ten in a line). They fonn an angle

of about 120° in the middle line of each face—breadth of full-grown

specimens about half an inch ; length, two inches or more. There is

no indication whatever that this shell had any internal partitions,

though it occurs both flattened, as at Big Plaistcr Ttock, and retain-

ing its original form, as at Irish Cove and Windsor. Mr Ilartt

has proposed the name " Nova Scotica " for a more elongated form,

with finer and more i\umcrous ribs ; but on comparing numerous

specimens, I am inclined to regard it as a vai'iety. The shell of

Conularia is usually regarded as that of a Pteropod, which seems the

most probable view. If the shell of a Cephalopod, it must have been

of the nature of a straight Argonauta. It is curious to observe in the

flattened specimens that the shell always gives way at the edges, with-

out breaking, as if there was a suture or weak line there. The shell

was exceedingly thin, especially at the smaller extremity, where it

seems to terminate in an obtuse rounded form. The aperture in the

best specimens rises at the sides in angles corresponding to those of

the plications.

Gasteropoda.

Eiwmphalus, a small species with narrow whorls, resembling E.

quadratKs, M'Coy, but slightly rounded above and marked with lines

of growth, appears in fragments in Mr llartt's collections from AVindsor,

and seems to be the same with still moi'e imperfect specimens in my
own collection from the galena-bearing limestone of Gay's River. A
small species, similar to E. Imvis, also occurs in Mr Poole's collections

from Windsor.

Euojnphalus exortivus (Fig. 118), n. sp., coll. J. W. D., East River,

Pictou.—About half an inch in diameter, with about five narrow

whorls coarsely marked with lines of growth, and with a strong rib

along the middle of the whorls above. Collected by Mr D. Fraser.

Bellerophon.—I have a specimen collected by Professor How at
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Kennctcook, which indicates a fine shell of this genus ; but it is only

a cast of the interior, and gives no good specific characters.

Fig. 118.

—

Euomphalua cxortivus.

(«) Sliell partly preserved. (h) Cross section.

Turbo.—To this genus I refer, in the meantime, two pretty little

species contained in my own collections from Pugwash, and those of

Mr Ilartt from Windsor. One is a little shell with four whorls, and

about twenty folds in the suture. It occurs at Pugwash and Windsor.

The other is similar in size and form, with seven or eight revolving

lines. It is found at Windsor.

Dcntalium.—In my collection from Economy and Pugwash arc

casts which may represent two species of this genus,—one circular in

outline, the other oval and slightly curved ; but both are too imperfect

for description.

Naticopsis Iloivi, Ilartt (Fig. 119), col. J. W. D. and C. F. Ilartt,

Windsor, Gay's River, De Bert River, etc.—Allied to N'. plicistria,

Phillip,^, but different in markings, having merely delicate growth

lines on the whorls, and always of small size.

Fig. no.

—

Naticopsis

Uoioi.

Fig. 120.- -Xotiropsis (Usiiussa

{caul).

Fig. 121.-

riatyschisma diihia.

Naticopsis dispassa, n. sp. (Fig. 120), coll. J. W. D., Pugwash,

Windsor.—A small species of the type of N. ampliata, Phil., and

marked in the same way with delicate transverse lines of growth, but

flatter in general form, and less depressed in the spine.

Plah/schisma dubia, n. sp. (Fig. 121), coll. IT. Poole, Windsor.—

I

refer to this genus with doubt the shell represented in the figure. It

seems to be very rare, as I have only met with one example.

Loxonema actdula, n. sp. (Fig. 122''i, coll. Hartt, Windsor.—An
extremely slender species, scarcely two lines long, and with fifteen

or more whorls, marked with traces of four or five revolving lines.

It corresponds to L. poli/gyra, M'Coy, and L. acicula, Phillip.?, but

is more slender and delicate than cither.

J
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Nautilus Avonensis, n. sp. (Fig. 124), coll. J. W. D., Windsor,

Minudie.—A large species, the outer chamber sometimes two inches

or more in diameter. Whorls much flattened dorso-ventrally, slightly

angulatcd at inner edge. Siphuncle dorsal, septa convex, about one-

eighth of an inch apart. Belongs to genus Cryptoceras, D'Orbigny.

Abundant at Windsor, and named after the Avon River, on the banks

of which it occurs.

Gi/roceras Uar'ttii, n. sp. (Fig. 125). A fragment of a small angulatcd

species, resembling N. sulcatus, Sowerby, coll. J. W. D., Windsor.—It

has the whorls somewhat quadrate, with two broad flutings at the

sides, and two narrower flutings at tlic edges of the flat dorsal surface.

The inner surface is regularly rounded, and the siphuncle is dorsal.

Fig. 125.— Gijroceraa Ilarttii.

Ortlioceras laterole, Phil., collected by Professor How at Kennct-

cook.—Resembles this species, as figured by De Koninck, too closely

to permit me to distinguish it.

Orthoceras dolatum, n. sp. (Fig. 12G), coll. J. W. D., Windsor.

—

Like 0. pi/ffiiiaeum, De Koninck, in external form. Siphuncle mar-

ginal, slightly beaded ; shell flattened at one side. Septa one-half

the larger diameter distant from each other.

Fig. 12G.— Orthoceras

lUlatum.

Fig. \21.— Ortlio(xraa

Viiuhbonense.

Fig. 128.— Orthoceras
laqueatum.

^

Orthoceras Vindohonense, n. sp. (Fig. 127), coll. J. W. D., Windsor.

—Section nearly round. Siphuncle about one-third the diameter

W
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divided by two deep furrows, proceeding toward the ventral margin

form a circular pit nearly in the centre, and diverging at an angle of

about 60°. Margin very narrow ; outline nearly semi-circular. It is

nearly allied to B. Klocdeni of the Devonian.

Phillipsia Ilowi, Billings (Fig. 133), "Canadian Naturalist,"

vol. viii. p. 209.—This species was described by Mr Billings from

specimens found by Prof. How of Windsor, at Kennotcook, Hants

County. It is closely allied to P. mcramccensis, Shumard, and P.

insignis, Winchell, from the Lower Carboniferous of the United States,

but differs in the greater number of rings in the axis of the pygidium

Fig. ViX.— ScrpuUtes

annalutua.

Fig. 132.

—

Ikyrichia Junesii;

nat. size and magnified.

Fig. 133.

—

Phillipsia

Ilowi.

Half-

Ilartt,

Id with

[indric,

form

;

jcngth

surface

or tail-piece, the only portion known. These Phillipsias of the Carbon-

iferous are veiy interesting as the last representatives of the great

family of Trilobites, so abundant in the older Palaiozoic rocks.

Phillipsia Vindobonensis, Hartt.—Pygidium semi-elliptical, very

convex ; one or two segments appear to be wanting from the anterior

margin ; but the width of the pygidium in that part must have been

greater than its length. Ten or eleven articulations are visible on the

side lobes and twelve on the axis, which is very prominent and

moderately tapering. The axial rhigs are depressed, convex, becoming

smaller, more crowded, and more indistinct toward the apex, llibs on

side lobes depressed, convex, decreasing in length, breadth, and distinct-

ness from before backward, while at the same time they become more

and more inclined backward. The six anterior ribs preserved show a

distinctly marked groove, originating on the posterior margin at about

one-third the length of the rib from the axis, and running obliquely,

increasing in depth to the end of the rib. Smooth border none, or

extremely narrow at anterior angles, but becoming 3-5ths the width of

the axis 7iear the posterior part of pygidium, Avhich is not visible in the

only specimen I have examined.

Crustacea)!.—In Mr Ilartt's collection there is a single fragment

which would seem to indicate a Crustacean different from the Trilobites,

and probably of higher type. It occurred in bed (e), and must await

the discovery of additional remains.
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CHAPTER XVII.

THE CARBONIFEROUS PERIOD- Continued.

CAKBOXIFEKOUS DISTRICTS OF PICTOU, ANTIGOMSH, AND GUYSBOROUGII
;

ISOLATED PATCHES AT MAUGAKET's BAY AND CHESTER BASIN.

71. sp.

Carboniferous District of Pictou.

In noticing this and the following districts, I shall avail myself of the

details into which we have entered, to enable me to condense my
descriptions, and to dwell only on those features that may be peculiar,

or very dissimilar from those already described. In entering the

Pictou coal district from Colchester, we pass over disturbed and some-

what altered Lower Carboniferous sandstones and conglomerates, with

intrusive and mctamorphic rocks on cither side, forming outlying

masses of the Eastern Cobequids. The first characteristic and dis-

tinctly marked beds that we find are the limestones on the upper part

of the West River. At the Salt Springs these limestones, with their

accompanying sandstones, are seen in a vertical position, and Avith

their fissures filled with micaceous iron-ore,—a very decided proof of

igneous action. There appears to be in this part of the Pictou district

a considerable area of altered Carboniferous rocks, showing that in this

vicinity active volcanic agencies have subsisted after the deposition

of the Lower Carboniferous series. A little farther down the West
River, at M'Kay's Lime Rock, we find the limestone unaltered, and

containing Crinoids, TercbratulcB, Fenestella, Corals, and other fossils,

similar to tho.se of the limestones of Hants and Colchester, and more

especially to the lower limestones already mentioned. Having thus

reached a known member of the Carboniferous series, we may take a

general glance over the district, with the aid of the map, and mark the

distribution of its principal rock formations.

From the West River we can trace the limestones and other members

of the Lower Carboniferous series to the East River, along the valley

of which they enter, in the form of a narrow bay, into the metamorphic

district to the southward. Beyond the promontory of these latter

rocks bounding this inlet on its eastern side, the Lower Carboniferous

'
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I

rocks continue to skirt the older hills as far as tlic coast of the Gulf

of St Lawrence at M'Cara's ]3rook, near Arisaig, where they rest

unconformably on slates belonging to an older formation. The lowest

Carboniferous mcks seen here ai'e conglomerates intcrstratified with

beds of amygdaloidal trap, which have flowed over their surfaces as

lava currents, just as the trap of the Bay of Fundy has flowed over

the red sandstone. Several of these ancient lava streams alternate

with beds of conglomerate ; and while their lower parts have by their

heat slightly altered the underlying bed, their upper parts, cooled and

acted on by the waves, have contributed fragments to the overlying

conglomerate. Over these conglomerates is a great series of reddisli

and gray sandstones and shales, similar to those we have observed

elsewhere. They contain no gypsum, but there is a thiclt limestone

with a number of the fossil shells already noticed in similar beds of

this age. Along the whole southern edge of the Pictou district,

therefore, we observe the Lower Carboniferous scries, distinguished by

its characteristic fossils, and containing beds of limestone and gypsum,

though the latter, as well as the associated marly beds, is less import-

ant than in Hants County. To the northwai'd of these older members

of the system, we find in some localities, and especially on the East

River, a large development of the productive or INIiddle Coal measures;

and the remaining part of the district, stretching along the coast of

Northumberland Strait, and connected with tlie eastern part of Cum-

berland, presents precisely the same cliaracters wliich we have observed

in the last-mentioned district, of which it is strictly a continuation.

The most remarkable feature in the Pictou district is tlie enormous

thickness of Coal measures on the East River, forming the Albion

Mines Coal-field ; and these deserve a detailed notice, not only from

their economical importance, but their geological interest, as presenting

a vastly greater development of coal seams and tlicir accompaniments

than we have observed elsewhere. I shall therefore describe the

general arrangement of the rocks on the East River with the aid of

the sections (Figs. 134 and 136).

The oldest Carboniferous bed that I have observed on the East

River is a limestone resting directly on the edges of a hard meta-

morphic slate, which must have formed the sea-bottom on wliicii

the former rock was deposited. Angular fragments of the slate arc

included in the lower part of the limestone. This limestone, whidi

appears at Lime Brook on the east branch of the East River, contains in

its upper part fossil corals of the genus LitJiostrotion, already described

as L. Pictoense. On this limestone rest marls with gypsum veins, and

at least cue large bed of gypsum and anhydrite, the outcrop of which
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appears distinctly at Forbes Lake and Crcelman's Farm on the East

Hranch, and less conspicuously at Hpringville. Above these gypseous

rocks, which, being soft, have been eroded into a valley, is another

E.

o

•o
•a

o

Limestone of Lime Brook, etc,

tlypsiim of Spriii({vlUo, otc.

Albion Mines.

New Glasgow.

-Coal and Limestone of Frasei'a Mt.

-Coal at Loading Gronnil.

Picti 11 Ilarbi)
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limestone rich in fossil shells, including many of those already noticed

and some others. Succeeding this in ascending order is a great series

of hard brownish sandstones and shales, like those of Eagle's Nest on

the Shiibenacadie, and pi'obably corresponding to the lower members
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of Sir W. Logan's Joggins section. Tlicso occupy the East Branch ami

Main River fur sonic distance. Tlicy contain a few fo.ssil plant.s, in

one instance impregnated with carlwnatc and sidpliuret of copper;

and at least two beds of limestone, not rich in fo.ssils, hut aflibrding tlio

characteristic species Terciralula sacculus, tSlrcptur/ii/ncus crcnislria,

and I'roductus seinireticidalun. One of these limestones, seen near

the forks of the river, is remarkable for showing, when .slices are

examined nndcr the micro.scopc, that it is niadi! up of small fragments

of shells with entire specimens of very miiuit(! species.* The rocks

in this part of the .section are much fractured; but a comparison with

the continuation of the same beds in M'licllan's Brook, shows that the

order is ascending, and that the Coal measures rest on the rocks last

described.

The Coal measures of the Albion Alines consist of the same materials,

and contain many of the same fossil remains with those of the Joggins

;

but they differ in the arrangement of these materials and fossils.

Instead of a great number of thin beds of coal and bitunnnoiis shale,

we have hero a few beds of enormous thickues.s, as if the coal-forming

processes, so often interrupted at the Joggins, had here been allowed

to go on for very long periods without interference. It Is almost a

necessary consequence of this that erect plants arc not found in the

Albion measures, and that well-preserved vegetable fossils are com-

pai-atively rare, while vast quantities of vegetable matter have been

accumulated in the state of coal. The sections at the Albion Mines

are not perfect. They show, howevei-, five or six seams of coal, and

an immense thickness, perhaps 800 feet, of black shales with Cijpris

and remains of ferns and other leaves. There are also undcrclays and

ironstones abounding in Stigmaria.

In attempting to give a general idea of the structure of this coal-

field, I shall first notice the order and succession of the beds, then

their distribution, and next some remarkable and exceptional features

which they present, as compared with the districts previously noticed.

The section of the bed.s, in descending order, as made up from a

comparison of the results of borings and excavations by the different

coal companies, is as follows :

—

Ft.

Gray freestone or sandstone . . . . .15
Black shale and clay, with layers of dark argillaceous

sandstone and ironstone -j- . . . . .419

ni.

3

9

Forward, 435
* See Table in last chapter.

t These beds are given from the observations of Mr Hudson in the Forster Pit,

Albion Mines.
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rt. in.

IJrought forward, 435

Main Coal seam (greatest thickness) . . . . 39 1

1

Saiulstono, shale, anil ironstone . . . . ir»7 7

Deep Coal seam . . . . . . .2-49
Hlialcs, sandstone, and ironstone, with several thin eoals,

viz. the Third seam, " I'urvcs scain, and Tlcniing

seam," in all about twelve feet thick . , 280

APGn-gor Coal scam . . . . . . 11

Shale, with many beds of sandstone and layers of iron-

stone and undcrclays ...... 2-tO

Coal and earthy bitumen, " Frazer coal and Stellar

coal" 4

1192 3

The above is to bo regarded as a mere approximation, and the

measurements arc taken in a line perpendicular to the surface, the

beds being inclined at an angle of about 20". In this section it will

be observed that the total thickness of beds is less than in the Middle

Coal measures of the .Joggins section, but that the quantity of coal is

vastly greater. In other words, the deposit of vegetable matter has

been greater and more continuous, and that of earthy matter less.

"When the first edition of this work was published, the extension of

the I'ictou Coal seams was known only in the Albion mining area near

the East River, where the dip is to the north-east and the strike

north-west. Subsequent explorations by Mr Poole, recorded in a

paper 2niblishcd in the "Canadian Naturalist," showed that about a mile

and a half westward of the river the beds are bent and faulted, and

turn suddenly to the southward. It was afterwards ascertained by Mr
J. Campbell, and by the agents of the " Acadia" and "Nova Scotia"

Companies, that the line of outcrop takes an extensive curve of more

than a mile to the southward, forming the area of the " Intercolonial"

Company, and then, sweeping again to the northward, resumes a north-

westerly course, passing toward the Middle River. Here it would

seem to turn round the end of a synclinal, or to be cut off by a fault

in its extension with northerly dip, and it is next seen to return on a

curved line, skirting a ridge of older rock, probably of Devonian age,

and a conglomerate connected with this, toward New Glasgow; near

which, on the Ilaliburton or "Montreal and Pictou" area, the beds

appear with high dips to the southward. The East River Coal area

between that river and the Middle River would thus appear to con-

stitute an irregular trough with a deep bay to the southward, and
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i
possibly II gap on the iiortli, ns rcprcHtMitcd on tlic Hkctch-mftp ( Fig.

l.'Jii), wliich I must, liowcvrr, rciiniirk i.i merely an ntfompt to rodiic.o

to order complexiticH not (is yet I'ully intelligihlo. Tlic relations of

this trougii to tlic roe.kn to tli(! nortlnvi'nl we sliall leave nutil wo Imvo

attempted to trace the synclinal in its extension to the Kast.

Fig. I3b.—i>kclch-mai) of Pktou Coal District.

A, Upper Colli fdrraatlon.

n, Sliilillo C'oii I'm'nintlnn.

C, Now Glasgow conglomerate,

D, Lower Ciirlioiiili'roiis.

10, IJevonlvn nml Silurian.

Con! Arrnn.—d) General Minlnj? Association, or Albion

Mines: ;'.' nnd 4) Acadia; (3) Nova Scotia or I'^ronch's;

(5) Intern lonial or Hear Crcelc; (d) Montreal anil I'ic-

ton or lliililiurton's; i7)(iernian Company, and otliers;

(8) Sutlierland's Uiver; (!)) New Glasgow or Kirby's.

Atthcdaieof the publication of the first edition of "Acadian Geology,"

little was known of the extension of the Albion Coal measures to the

eastward of the East River I could at that time only indicate the

occurrence of Coal measures with a dip showing a considerable fold

or bend of the measures in M'LcUan's Bi'ook, and the probable exten-

bion of the productive Coal measures in the direction of Merigoinish.

Subsequent observations by Mr Poole threw additional light on the

bend of the measures, and more recently several discoveries of coal

have been made, and I have seen, through the kindness of Mr Moore

of Montreal, plans prepared by Mr Barnes of Halifax which appear to

me approximately to establish the true distribution of the beds.
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It would appear that iinmotliatcly to the cast of the East River, a

gyiicliiiiil fiild, apparently with some diHtnrhanco in itH axis, oecurs.

This thrown tiie licds round into the nortii-wcsterly dips seen in

M'liiilan'.s Hrook. Heyoiid tiii < there is an autieiinal, Kucceeded by a

second synclinal, on the east side of which, in tho vicinity of Suther-

land's River, the coal beds reappear with north-westerly and northerly

dips. The most east<'rn exposure on this tortuous line of outcrop ia

a bed stated to be ten feet in thickness, seen near Sutherhuid'H Kiver,

about two miles from its mouth.

No doubt the coal beds extend still farther to the eastward, along

or und<M' Merigomish Harbour, and they will also l)o found in all the

belt uf country between .Sutherland's Itiver and tho East Ui\er.

Tho lino above indicated refers to the northerly dipping outcrop

continuous with that (d'the Albion i>fines ; but fronting this there is, on

the cast side of the East River, as indicated in the general section in

the iirst edition of this work, and reproduced without alteration in I'ig.

134, a narrow line of outcrop, in which some at least of the beds re-

appear with southerly ilips along the line of the fracture which skirts

the outcrop of the great New (ilasgow eonglomeratc. This exposure

is continuous with that already noticed immediately opposite New
Glasgow, and includes the beds long known in the vicinity of that

place on the east side of the river, with others recently traced farther

to the south and east.

Eastward of New Glasgow, according to observations made by Mr
Kirby on his coal areas, the line of strike curves somewhat to the

northward, forming a broad indentation parallel to the projection on the

opposite side of the trough, and then, returning toward the south, passes

toward the shores of Merigomish Harbour, where its extension has not

yet been observed. The beds of the Upper Coal formation which

are seen at Little Harbour, appear in Merigomish Island apparently

without any synclinal arrangement between them and the Lower Car-

boniferous rocks of the adjacent mainland. There is, however, a con-

siderable space concealed by Merigomish Harbour, and by the beach

between Merigomish Island and the mainland, and it is to be observed

that the Upper Coal formation beds on the island dip to the north,

while those on the nearest part of the mainland dip to the N. W., and

seem to belong to the lower part of the Coal formation. This indicates

either intervening curves or dislocations, or that the upper series is

unconformable to the lower.

In the above general notice mention has been made of a great bed

of conglomerate occurring immediately to the northward of the East

River Coal trough, and which, as it appears very conspicuously at

iS
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New Glasgow Brirlgo, we may designate as the " New Glasgow Con-

glomerate." At New Glasgow this conglomerate dips at a high angle

to the north, but at the Middle River and several other places it is

found dipping to the south, and the relations of tiic Coal measures to

it on the northern side of the Albion Mines trough, in the vicinity of

New Glasgow, would seem to render it certain that the conglomerate

underlies the productive Coal nicasnrcs, and crops out from beneath

them on an anticlinal line. This would give it the geological position of

the Millstone-grit series, but no such massive conglomerate is known
in that »eries elsewhere, though there are conglomerate bc;ds of minor

dimensions. Again, the beds on the north side of the conglomerate, and

evidently overlying it, are not those of the productive Coal measures

as developed at the Albion Mines, but Coal measures of minor im-

portance, believed to represent the Upiicr Coal formation; and these

supposed Upper Coal formation beds exhibit very regular northerly

dips, as if they had not participated in the foldings and fractures of the

beds of the Middle Coal formation. Lastly, toward the Middle River

there appear;-, rising from beneath the conglomerate, a series of hard

a'ld altered grits and coarse shales, Avitli obscure remains of fossil

plants, Avhich were pointed out to me in the summer of 18GG by Mr
John Campbell, and which I believe to be an island of older rock

which must have penetrated the Carboniferous beds, and protruded

above them at the time of their deposition, representing on a very

small scale the attitude of the Cobequid Hills with reference to the Coal

formation of Colchester and Cumberland.

These statements being premised, as well as ihe further fact that

the opinions of geologists in regard to this conglomerate have oscillated

between the extreme views that it is a bed overlying the Middle Coal

measures, and forming the base of the Newer Coal formation, and,

on the other hand, that it is the Lower Carboniferous conglomerate

thrown up along the line of an anticlinal,—I proceed to quote from

the first edition of this work and the supplement thereto, published in

1860, the reasons which I then assigned for believing that it is a

contemporary beach of shingle, limiting the area of deposition of the

thick coal seams of the Albion Mines aiea, and giving rise to their

exceptional character. This view was first advocated in my paper

on tlic structure of the Albion Coal Measures in the Journal of the

London Geological Society, 1853; and the reasons for it are thus

given in the first edition of this work :

—

" 1. The outcrop of the conglomerate extends from a point opposite

the promontory of mctamorphic rock east of the ^j^ast River to the

high lands of Mount Dalhousie, in the eastern extremity of the Cobe-
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quid range of hills, crossing the mouth of an indentation in the meta-

morpliic district, which in tlio older part of the Carboniferous period

must have been a l)ay or arm of the sea, exposed to an open expanse

of water lying to tlie northward. 2. Tiic conglomerate cannot be

traced to the margin of tlie metamorphi': country, except at its ex-

tremities ; so that in all probability it never extended over the low

Carboniferous district included within its line of outcrop. This is the

more remarkable, inasmuch as the conglomerate has evidently resisted

denudation better than any of the associated beds. 3. The conglomerate

is full of false stratification a sd wedge-shaped beds of reddish sand-

stone in the manner of ordi i: vy gravel-ridges, and it even presents

the appearance of passing into sandstone toward the dip, as if the coarse

conglomerate were limited to the vicinity of the outcrop. 4. In the

sandstone overlying the Albion measures, as well as in portions of the

Coal formation manifestly overlying the great conglomerate, there are

small seams of coal corresponding in then- characters Avith those of the

Joggins and Sydney, where no similar conglomerate occurs. 5. The

supposition that the Albion coal was formed in a depressed space,

se})arated by a shinglc-bar from the more exposed flats without,

accounts for the great thickness of the deposits of coal and carbonaceous

shale, the comparative absence of sandstones, and the peculiar texture

and qualities of the coal, as well as the association with it of remains

of iish and C'ljpris ; since modern analogies show thai such an enclosed

space might be alternately a swamp and lagoon without any marked

change in the nature of the mechanical deposits. 6. Movements of

depression causing the rupture of the barrier, or enabling the c^ea to

overflow it, and perhaps also admitting currents of oceanic Avater

tlu'ourrh the valleys of the metamorphic district to the soutlnvard,

wcv^il silieicntly account for the overlying sandstones, as well as for

the tierudation of the Coal measures supposed to have preceded the

ac -nnvlation of these sandstones.* 7. The dislocation extending

along the outcrop of the conglomerate is easily explained by the sup-

position that, in later elevatory movements, this hard and strong bed

determined the direction of fracture of the depo.-its.

" To these reasons I may add, that if in the Carboniferous as in the

modern period, westerly winds prevailed in this latitude, it Avould be

very natural diat a beach should be throAvn out from the eastern end

of the Cobequid range across the bay to the eastward, in Avhich the

Albion Coal measures are situated."

In the supplementary chapter (1860), after referring to some

* These sandstones overlie tlie Cual measures near the Albion Mines, but with dip

to the N.
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'lice

approximaite to the original margin of the thick beds in this direction.

8iich a pliu'-e I .shouUl expect to find in the bend of the ontcri^p to

the westwanl of Mr Ilaliburton's mine opposite New Ghisgow.

I have endeavoured to represent to the eye the above theoretical

views in the following ideal sections :

—
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If these views are correct, we have a right to expect that the tract

of Coal formation country to tlie northward of the great conglomerate,

and extending from it to the eastern extremity of the Cumberland

district, should present characters similar to those of that district.

Accordingly the section on the tideway of the East River, and the

corresponding sections on the Middle River, and on the coast toward
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of the same neighbourhood, serve to iiidicite the analogy that obtains

between the coal-rocks of Cumberland and this part of Pictou. Some

of the shales near tlic town of Pictou arc loaded with ferns and Cor-

cluitcs; and shells of a Xaiaditcs [N. arenacea) also occur, though rarely.

Small seams of coal arc believed to occur in this neighbourhood, but

their outcrops cannot at present be seen.

The coast section, westward of the entrance of Pictou Harbour, is

for some distance very imperfect. Much red sandstone, however,

appears ; and a bed of limestone from two to three feet thick, and a

small bed of coal, have been discovered. Some gray sandstones also

appear ; in one of which there are numerous fragments of carbonized

wood, containing sulphurct aud carbonate of copper. This deposit,

and others of a similar nature found in this series at various places,

have given rise to hopes that valuable deposits of copper may be found

in this part of the Coal formation. These ores of copper are always

associated with remains of fossil plar^^s, and they have no doubt been

produced by the deoxidizing effects of this vegetable matter on water

impregnated with sulphate of copper, and jirobably rising in the 1 ">rm

of springs from some of the older subjacent rocks.

The rocks in the coast section west of Pictou Harbour dip to the

south-eastward as far as the mouth of Carribou River, beyond which

the same beds are repeated, but better exposed, and dipping to the

north. One of the cupriferous beds above rei'crrcd to, a coarse gray

sandstone, appears in Carribou River, and was at one time worked for

the copper it contains, but is now abandoned. At the mouth of the

river arc gray sandstones, red sandstones, and red and gray shales,

and associated with these is a bed of coal tive inches in thickness,

with the usual underclay with Stigmaria rootlets. Beyond this place,

as far as the second brook beyond Toney River, there is a great series

of beds having precisely the asi)oct of the I. pjvr Coal formation of

Cumberland, and containing one thin bed of non-iossiliferoiis limestone,

and a great thickness of reddish shales, some <>f them hnely ripplc-

markcd and worm-tracked, and with leaves <if ferns. The beds then

become horizontal, and arc repeated with .•< utherly dips (S.S.K.), at

first at a small angle, Imt toward the extremity of Cape .John the dip

increases, and the rocks at length become vertical. The lowest beds

seen at the extremity of the cape are gray coarse sandstones, with

Calamitcs and carbonized trunks of trees. Associated with these aro

reddish sandstones . nd shales, and in front of the cape, but under

water, is the outcro|i ot a small bed of gypsum. The northerly dip-

jiiiig beds in the above section extend to the westward across River

.lolin. and are continuous with those described [vide CumWrland
District) as occurring on the French river of Tatamagouche. The
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southerly (Tipping beds towards Cape John probably extend under

Tatamagoucho IJay, and are continuous Avith the rocks on the south

side of Cape Malagash.

A coal district so singular in Its structure, and probably also in the

mode of formation of its beds, as that of the Albion Mines, might be

anticipated to afford interesting and peculiar fossils. Unfortunately,

however, these beds are not exposed in good natural sections, and the

operations of the miner are a very imperfect substitute for these.

One bed, however, included in the Albion main coal has afforded

some interesting facts. It is a seam of coaly ironstone varying in

thickness from four inches to a foot, and in some portions of the mine

is extracted with the coal and thrown aside as rubbish, so that large

quantities of it can be examined at the surface. It contains abundance

of Spirorbis, attached to much-decayed plants. Scales and teeth of

large fishes are also found in it, as Avell as fragments of the bony

spines with which they were armed.* Some of tlie latter are half

an inch in diameter. A still more interesting fossil was found by the

vriter in this bed in 1850. It is the upper part of a skull, seven

inches in breadth and five inches in length, and armed with strong

conical teeth, somewhat curved, and finely striated longitudinally

(Fig. 137). This fossil was sent to London, and examined by Professor

Fig. 137.— Outline of Skull of BajActes rianicciis reduced ; and Tooth, natural size.

{«) Anterior part of skull, viewed from beneath.

(b) One of the largest teeth, natural size.

Owen, by whom it was described and figured in the Proceedings of

the Geological Society (1853) under the name of Baphetes Planiceps,

alluding to its supposed amphibious habits, and the flatness of its

skull. This creature was probably a large frog-like reptile, which

preyed on the fishes whose remains arc found with it in the " holing

stone," as the bed is called by the miners. It will be more fully

described in the next chapter. This band, with its peculiar fossils,

shows that, at Pictou as at the Joggins, the coal-foiming area was

* See page 210 ante.

s

b

C

n



rAUIiOMFKUOUS niSTKHT OF I'ICTiif. 3-J9

rsof

:eps,

its

llilch

ling

ally

sils,

hvas

occasionally submerged uiidor hnickiftli water, periiaps hy the partial

rupturo of tlie great congloineralc l)auk to whieli we have already

referred.

Cscful Mlni'.vals of ilic, I'ictuu Dhlrlrt.

Coal is the nio.-^t iiiiportaiit of tlicse ; and ]*ictnu was lung the

principal producer of this vakiablc mineral in iiritish America, having

only recently been outstri[)i)ed by the Coal-lield of Cape Breton.

Upwards of 237,000 tons were raised in 18(j0. The greater i)art of

the Pictou coal is shipped tn the United f>tates, and is used in iron-

foundries and gas-worlvs, and fcr tiie productiini uf steam. Tlie

principal mines are those worked by the General Mining Association

and the Acadia Company, though several other collieries are being

put into working condition. I may shortly notice the principal coal

areas in succession.

(1.) General Mining Assuciation (Fig. 135— 1).

Tlie coal hitherto exported by this (Company has been obtained

principally from the "main seam" (see p. 319), and chiefly from its

upper tvveiv^ feet, though in recent years the lower part of this seam,

and also the "deep seam," have been worked. The pits originally

worked were on the low ground immediately west of the East Kiver,

where an engine-pit was sunk to tin- depth of ab(nit 400 leet. In the

progress of these works, however, it was found that the coal deterio-

rated very much in quality in its extension to the eastward ; and this

circumstance, in connexion with a serious '• crush " in the mine, deter-

mined the proprietors to make new openings to the westward, named

the Dalhousie pits, us well as others toward the dip. These are the

present working pits. In the Dalhousie pits the whole thickness of

the main seam and also the deep seam arc worked. In 180G, the

Foster pit, 450 feet deep, was sunk near the Dalhousie pits, and a new
sliaft is being made in advance of the old eastern workings, and will

be of considerably greater ticpth. An interesting historical sketch of

these mines, with a notice of their present state, is given by Mr
Rutherford, Inspector of Mines, in his Report for 180(5, from which I

(piote the following :

—

"The extraordinary thickness of the beds of coal in these collieries

has given them a well-deserved celebrity ; the nnml)i'r as well as tlie

.size of the seams in this coal-Held being perhaps uniiaralleled. Having

been in operation many years, a large extent of coal has been mined.

Only two seams have, however, been sunk to and workeil, viz., the

main scam and the deep seam,—the latter lying 23 fathoms i)elow the

V
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iuriiKT, mill boiiig tlic iioxt in tlio Borics in descending; order. Tiiey

dip to the north-east at an angle of 2(f, or about 1 in 2j. The thick-

ness of the main Keani is so well known that it is nnnecessary to give

a section of it. Its average thickness ni.iy he stated to he .^H feet.

Several shafts have been snnk to the seam, the workings in connexion

Avitli which have received a peculiar classification, which had its

origin in the following circumstances :—A large tract of workings to

the rise of the shafts, which are distant from the crop 2")<) yards,

(ixtendiiig SOO yards to tlie west and 200 yards to the east of them,

and covering an area of about 40 acres, forms tiie earliest worked

portion of the seam. In nearly the whole of this di.strict about 12 feet

only of the np])cr part of tlie seam has been workeil, the lower jiortion

being considered inferior in (piality. Tliese workings are locally

known as the "burnt mines," and arc so designated in consequence of

a fire that occurred some years ago in the stables, and was only extin-

guished by closing the .shafts to prevent the admission of the air into

the mines. Further to the dip other .shafts have been sunk, and they,

with some situated 900 yards to the west, and known as the Dalhonsie

pits, are the pnjsent working shafts. l''rom the former of these the

workings -were considerably extended both east and west ; they arc

in the iqiper part of the sea, i only, and their extent is about 90 acres.

In some workings to tlie dij) of these an accident occurred in May
18(]1, which was attended with still more disastrous results than the

preceding one, it being found necessary to fill the mine with water in

order to extinguish the fire. An attempt was made to get into these

workings in 18G2, but their condition was such that they were aban-

doned, and this district, from this circumstance, has received the name

of ' Crushed Mines,'—a designation sufiiciently indicative of the state

of the workings on re-opening the mine.

" The main seam is at present worked on the east side of the 'Crushed

Mines,' and in the Dalhonsie pits on the west side. In the latter,

the seam has been worked the entire tliickncss, the lower portion being

much improved in quality. The extent of workings in this district

is now upwards of 100 acres.

" The difficulty of working a seam of such a thickness and with such

a declination has unfortimatcly been exemidified during the last two

years in this tlistrlct of the mine. Whilst the modus operandi re-

mained the same, a change appears to have been made in the scale of

pillarage to meet the requirements of so largely an increased height of

seam, which, however, proved inadequate, and a large extent of workings

has been and still is under the effect of a crush in consequence.

" The system of working pursued from the commencement of the
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colliery has been coiitimied ever since, with some iiiodifieationH in the

size of the pillars. The bordsarc driven 18 feet wide, and the pillars

arc made frum S to 18 yard> thick, with holdings at irregular intervals.

No regular pillar working has been attempted in tiiis seam.

" The 'deep seam' is worked at the Dalhousio ))its only. Its average

thickness is ir>' (!". It is Avorkcd the entire height of the seam, and

on the same principle as the main scam; the bords and pillars being

of a similar .si/.e. The wmkings arc altogether on the west side of

the pits; and the nnun level in that direction has been driven IGOO

yards. It is about 250 yards from the crop. The workings extend

over an area of GO acres, the wbole of which is standing in pillars,

with the exception of a few near the lace, a partial working of which

has recently been begun.

" An extension of the works at these mines is in progress. During

the year a new shaft has been sunk to the main seam near tlie face of

the west workings. This shaft is l'>0 fetst d(!e[) to the top of the seam,

and is intended to be used for drawing coal. A steam-engine for

hoisting has been erected, and a railway between the pit and the main

line in part constructed. Another shaft has also been begun to the

dip of the 'Crnshed Mines' pits, and is now upwards of ,^00 feet

deep. An additional shaft for ventilation has been put down near

the crop of the deep seam, and a slope is being driven in the main

seam, to be connected with the pit above referreil to. The working

powers of this already extensive colliery will, on the completion of

these works, be much increased."

The following detailed section, taken from a ' ontlnuous specimen

of the main seam, extracted for the New York l.idnstrial l^xhibition

by ]Mr Poole, late manager of the mine, will enable the reader to

understand the available amount of good coal which *ho. main seam

contains, as well as the structure of the bed. As this section has, since

the publication ofmy iirst edition, been copied without acknowledgment,

and in terms leading to the inference that it was drawn up in New
York, I may state that it was prepared by myself from a careful

inspection of the specimen, to which I was kindly invited by Mr Poole,

while it lay on the ground after having been extracted from the mine.

1. Roof shale : vegetable fragments and attached .S^j//'- rt. i„.

vrbis (in specimen) . . . . . .03
2. Coal, with shaly bands 6|-

3. Coal, laminated ;
layers of mineral charcoal and brigiit

coal ; band of ironstone balls in bottom . .20

ill'

fi 'f

i \i

*

)f tlle Carry forward, 2 9^ -4
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froiu 1'288, which Is that of the best coal cxtrueted, to 1'417, which

i.s that of the coarsest coal that has been worked. The incau specitic

gravity of six Haiiiplc.-*, taken from the tnp, iniildlo, ami Imtti'in of the

seain, in the central part of tiic nunc, wa.s I'il'J"*, or cxai'tly the same

with one of I'rofcssor Johnston's rcsnlt.s. According to Professor

Johnston's trials, I pnund i>i' this cual is cap.dilc d' cniivcrtlng 7'45

to 7'48 pounds of watc.r iiitn steam, or frnm tlie temperature of 212°,

8"41 to 8'18 i)oumls. This gives it a high place among bituminous

coals as a stcani-producer. The worst delect of Pictou <.'oal is, that it

contains a considerable quantity of light bulky ashes; and this causes

it to be much less csteenu'd fur dduiestic use than on other grounds it

deserves. It is very free from sui|)lmr, burns lung, with a great pro-

duction of heat, and remains aligiit when the lire becomes low much
lunger than most other coals.

The following assays show the composition of the coal from the

upper iloor in different parts (jf the mine, and illustrate its gradual

deterioration at cither extremity of the workings.

' Moisture .

Volatile combustible

Fixed carbon

Ashes

S.i;. siilc ; Olil woi-kim;^
(al)niit 1 milt! K. ..r

I>iilli(pusie I'its).

l-T.'.O

2;v87")

(ll-DoO

l()-42')

N.W. Hi(lt>;

dill wcirltiiii^H.

27-988

G()'887

l»-(i2:»

W. KlclH :

Uiilhuiislu I'itH.

Moisture .

Volatile combustible

Fixed cai-bou

Ashes

Moisture

Volatile combustible

Fixed carbon

Ashes

100-000

1-500

21-8(»(>

r»l-t28

22-272

100-000

2-250

22-;]75

52-47.5

22-900

100-000

100-000

1-.500

28-(;i;{

G1-0S7

8-800

lOO-OOO

1 -800

27-075

59-950

11 175

100-000

2-2

22-7

02-0

la-i

100-0

2-5

22-7

58-8

160

100-0

K. I i,|,

It will be observed that in all parts of the mine the lower coal is

inferior to that of the middle of the seam, and still more so to that of

the upper part above the " holing stone," or the " fall coal," as it is

termed by the miners. It will also be observed that all the coals in

the first column are inferior to those in the second, and that those in
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the third are also inferior, Avhile in this part of the mine the upper

three feet of fall coal have disappeared, or been reduced to an insig-

nificant thickness, by thinning out or being replaced by shaly matter.

The following table gives the composition of all the varieties of

coal in the whole thickness of the seam, as ascertained by an elaborate

series of assays made by the writer in 1854 :

—

Assays of Samples of Albion Coal, taken at distances of one foot in

thickness, in the main seam.

No.
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ipper These coals being taken from the western part of the workings, do

not show the fall coal of the old pits, this part of the seam having

there, as already explained, tliinned out. All these coals afford a fine

vesicular coke, and their ashes are light gray and powdery, with the

exception of those of the coals marked "coarse," which are heavy

and shaly.

The Deep Seam, situated at the vertical deptii of 150 feet below

the main seam, and consequently cropping out to the surface about

150 yards to the south-west of the outcrop of the latter, contains about

twelve feet of good coal, divided by intervening layers of shaly and

impure coal into three bands. The best coal of this seam is superior

to that of the main seam, but owing to the division above mentioned,

it cannot be worked so economically as the main seam, and is there-

fore likely to be left until the latter is exhausted, at least in its more

accessible portions. The comparative purity of some portions of this

seam, however, would entitle them to demand a higlu'r price in the

market than the ordinary produce of the Pictou mines. Its best por-

tions contain only from 5"3 to 11 per cent, of ashes, and aflbrd much
illuminating gas, and a fine vesicular coke, similar to that of the main

seam coal. The ashes of some of the deep seam layers are of a reddish

colour, whereas those of the coal from the main seam are invariably

white or light-gray. There can be no doubt that nothing ])ut its

association with a bed of so much greater magnitude prevents this

seam from being more extensively worked.

The following sectional view of the Deep Seam as It occurs at the

Dalhousle pits, is taken from a series of samples furnished to n)e by

Mr Poole in 1854 :—

1. Gray argillaceous shale—roof.

2. Tender laminated coal, much mineral charcoal.

3. Laminated compact coal, less mineral charcoal.

4. „ „

5. Carbonaceous ironstone, crusts of C>/prids.

6. Laminated compact coal, much mineral charcoal.

7. Laminated coarse coal.

8. Laminated compact coal.

9. Laminated coarse coal.

10. Laminated compact tender coal.

11. Laminated compact coal.

12. Laminated compact coarse coal.

13. Laminated compact hard coal.

14. „ thick layer of mineral charcoal.
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15. Lanunatcd compact coal.

16i
), ,1

much mineral charcoal.

17

18. Shaly coal, impressions of plants.

The results of assays of these several samples are given in the

following tabic :

—

Assrii/s of Sainjtles of Coal taken at distances of one foot in the

Deep Seam.

G.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

I

Volatilp matter
l)y rapid cokliit;.

( 24-8

-Good coal ... < 25-2

(28-4
Ironstone and coal 2G'8

( 23'2
•Coarse coal ... < ^.,.^

Good coal ... 26-2

Coarse coal ... 2o"2

Good coal

Coarse coal

Good coal

Shale and coal

(24-8
^ 24-8

f 23-4

23-0

27-4

290
26-8

24-6

17 6

Volatile matter
by slow coking.

21-0

25-2

23-9

27-5

20o
20-4

22-4

22-1

20-4

22-3

20-")

20-1

23-9

22-9

21-9

19-9

211

Carbon fixed. Ashes.

67-6

67-3

708
18-5

59-1

48-0

70-3

49-

68-

64-

51-

55-

68-

71-

69-6

63-8

23-0

•3

•9

•3

•2

•3

•1

•5

114
7-5

5-3

54-0

20-4

31-6

7-3

28-6

10-7

13-4

28-3

24-6

8-0

5-6

8-5

16-3

55-9

The following summary of these two beds and the intervening

measures, from the observations of Mr Poole in sinking the first

engine pit at tlie Dalhousie INIine, gives at the same time an idea of

the gigantic dcveloi)ment of workable coal at this place.

Surfixce clay

Shale and bands of iron.stone alternate

Main Seam—
Coarse coal

Good coal

Ironstone

Good coal

Ironstone

Coarse coal

Ironstone

Carry forward, 28 3 73
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the reputation of Pictou coal in the gas-works will increase. I may
mention here that the value of I'ictou coal for this jmrposc, as well as

for family and steam uses, depends in part on the good quality of its

coke, and in part on its comparative freedom from sulphur. These

excellent qualities, in connexion with its great heating power, more

than compensate for its large percentage of ash as compared with

some other coals.

(2.) Acadia Coal Company (I'ig. 135—2, 4).

Tlie principal area worked by this Company lies immediately to the

north of that of the General AJining Association, or toward the rise of

the beds. Its chief value therefore depends on the lower seams of

coal, and more especially those known as the M'Gregor and oil coals.*

The M'Gregor seam is that from which the greater part of the coal of

this Company is extracted. It is worked by "slopes" or galleries

extending downward from the outcrop, and up which the coal is drawn

on rails.

The M'Gregor seam is stated by Mr IIoyt,-{- the general agent of the

Company, to be 12 feet in thickness, as follows :

—

Coal (first bench) ......
Shaly band ......

Coal (second bench) .....
Coal (coarse) ......

Shale .......
Coal (good) .......

12

At present only the two upper benches, or six feet in all, are worked,

and the coal obtained from these is of very good quality, containing

on the average, according to an analysis obtained from Mr J. D. B.

Fraser of Pictou, the former proprietor of the mine, only about 8 per

cent, of ashes. The thickness of the coal is stated to increase in

working to the westward, and to diminish to the eastward ; and it is

somewhat remarkable that its quality improves with its thickness.

According to the report above cited, the quality and reputation of

this coal will depend much on the care taken to separate the material

of the " shaly band " from the good coal, as the presence of this

material greatly increases the amount of ash, and deteriorates the

coke, though it does not seem materially to affect the yield of gas,

which amounts to the large return of 9500 feet from a ton of 2240 lbs.

* For position of tbeae coals, see section aiitf. f Report, 1866.

Ft.
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About five feet above the M'Gregor Seam there is ii siiiiiUer scam,

three feet three inches thiek, and of good (luality, which may perhaps

in future be worked in coiniexioa with the other. The other seams

between the M'Circgor and Deep Scams, known as the " Purves JSeam
"

and " Third Scam," are said to be each four feet in thickness, but are

not worked.

Under the M'Gregor bed, as shown on the general section above,

lies a very curious bed, known as the " stellar " or " oil " coal. It

is five feet in thickness, having, according to Mr lloyt, the following

section :

—

I't. 111.

Bituminous coal ..... 1 4

Stellar oil coal . . . . . 1 10

Bituuiinou.s shale . . . . . 1 10

5

The material known as stellar coal is, as I have maintained in

previous publications, of the nature of an earthy bitumen ; and geolo-

gically is to be regarded as an underclay or fossil soil, extremely I'ich

in bituminous matter, derived from decayed and comminuted vegetable

substances. It is, in short, a fossil swamp-muck or mud, which, as I

have elsewhere pointed out,* is the character of the earthy bitumens

and highly bituminous shales of the Coal formation generally. Its v.alue

depends on the liigh percentage of illuminating gas and of mineral oil

which it yields on distillation ; and it is likely, on this account, to form

an important portion of the pi'oduce of tliis coal area. Accordhig to

the results of different trials, it is stated to yield from 50 to 126

gallons of oil per ton, the larger amount being apparently the yield of

tlie pure " stellar coal," so named from its scintillatory appearance in

burning. According to an analysis by Professoi How of Windsor,

this gives,

—

Volatile matter .... 66-33

Fixed carbon .... 25-23

Ash 8-21

Moisture -23

100-00

The sample to which the above analysis refers gave of crude oil

120 gallons per ton.

The immense amount of petroleum obtained from wells in Canada

* Paper on Conditions of Accumulation of Coal, " Journ. of Cieol. Soc."
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and the United States has for the present dininiishcd the demand for

the earthy hitumens ; but it is certain that they must again come

largely into use, as the wells diminish in their yield and additional

uses are found for the mineral oils.

In addition to the area south of that of the General Mining Associa-

tion, the Acadia Company possess a property to the westward, in

which the continuation of the main and other scams occurs in magni-

ficent proportions, and with the same characters as in the Cam})bell or

Bear Creek area of the Intercolonial Company, next to be noticed.

(3.) Intercolonial and Nova Scotia Companies (Fig. 135—5,4).

In addition to the collieries above described, there are others organ-

ized, and which have made more or less progress toward extensive

mining operations. The Bear Creek area, the property of the Inter-

colonial Company, and first developed by Mr John Campbell, is

probably the most important, and has recently been examined and

reported on very favourably by Mr Chai'les Kobb and Mr Barnes. It

includes the continuation of the main and other seams beyond the

great flexure or downthrow at the western extremity of the area of

the General Mining Association, already referred to. In a pit sunk

on the main seam by Mr Campbell, I found tlic section of that bed to

be as follows :

—

Koof, black shale. Ft. in.

Tender good coal. . . . . Oil
Shaly coal ...... 1

Good coal ...... 5 3

Shaly parting ...... 4

Good coal .40
Pyritous coal ...... 2

Good coal ...... 7

Coarse coal •....• 2

Total thickness 19

The dip is N. 75° E. at an angle of 20°, and the actual thickness

eighteen feet of coal, of which sixteen feet are of excellent quality. It

appears from this section, and from trials which I have made of the

coal, that the main seam in its extension to the westward, while it

diminishes in thickness,, improves in quality. Still farther west, on
the property of the "Acadia" and "Nova Scotia" Companies, where
slopes have been opened in this seam, the section is substantially the

same, except that in the latter the shale or clay-parting thickens to

eleven inches.
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Oil the Bear Creek area the deep seam also has been recogniscrl

in its proper place, and has a thickness at right angles to the measures

of eleven feet.* Otiier beds, sujjposed to be tlie equivalents of the

Purves and M'Gregor Seams, the latter six feet in thickness, liave also

been found. These discoveries enormously increase the ascertained

extent and value of tlie Pictou Coal-field, as compared with that at

the time of the publication of my first edition ; and when taken in con-

nexion with the previous observations made by Mr Poole, leave no

room whatever for the doubts which I find expressed by some prac-

tical men as to the precise equivalency of the beds last mentioned with

those so long known at the Albion Mines.

(4.) Montreal and Pictnu Company (Fig. 135—6).

The only colliery as yet opened on the northern side of the Coal

trough, on this side of the East River, is that of the Montreal and

Pictou Company, immediately opposite to New Glasgow. Here the

Coal measures dip, according to Dr Honeyman,-{- S. 20° E. at an angle

of 65°. A shaft has been sunk to a depth of 180 feet ; and, according

to a Report by Mr Rutherford, published by the Company, has exposed

the following section of Coal measures. The measurements are at

right angles to the horizon, so that the thickness given does not

represent the actual vertical thickness :

—

Drift clay

Shale .

Freestone

Shale .

Coal .

Fire-clay

Hai'd sandstone

Fire-clay and Ironstone

J)ark shale

Coal

Shale and coal

Ft.
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It", ns is probable, thcBe b(;(lH ro|iro.s('nt flio Albion Minos Coal

incasiuvs, or a part of tliein, it is evident that in erossing the trough

tliey have materially cliaiiged in the eharaeter and thickness of the

l)e(is of coal. Tiiis was to have been antieii)ated from the views

previously stated, as the shaft which afTorded the above section is

only about (JOO yards from the conglonu-rato, and coiiseriucntly the

locality cannot bo very far from the original margin of the trough

in this direction. In the circmnstances, the discovery that the coal

preserves its value thus near to the conglomerate, and is so accessible,

is very gratifying, and greatly enhances our estimation of tho value

of this coal-field as a whole. I must add, however, that it is scarcely

fair to say, in the words of a recently i)ublishcd public IJeport, that

this discovery has given to the coal-field "a conformation which

appears to have been entirely unsuspected." The synclinal form of

the measures was indicated in the former edition of this work, and is

a necessary consequence of the view as to the character of the great

conglomerate advocated therein. It was more fully stated in the

paper by Mr Poole and myself in the " Canadian Naturalist" for 1860,

and in my supplementary chapter in "Acadian CJeology;" and the

outcrops of coal near New (Glasgow, on this side of the trough, had

long been known. The couformatioa (n- structure of the area had

thus been established by geological Investigation before the coal was

discovered opposite. New (ilasgow; but this in no respect detracts

from the credit due to the gentlemen whose energy and enterprise

have developed the coal-beds in that locality. It is all the more

creditable to them that their operations were not undertaken on chance,

but. on a consideration of probabilities established by facts previously

ascertained. The facilities for shipping the coal in the area above

referred to are very great, and there can be little doubt that the

outcrops discovered ^v\\\ be traced farther to the westward, and

perhaps aftbrd scope for additional collieries in this direction. The

high angle at which the beds lie will recjuire different management in

the details of mining from that which has been usual in the Pictou

Coal-field, and it is not improbable that this high angle will be con-

nected with numerous fractures and abrupt flexures of the strata.

(5.) Coal Areas on the East. Side of the East River (Fig. 135—7, 8, 9).

Openings have been made by the " German" Company on the

continuation of the main seam eastward of the East lliver. The

result is stated to have been, that the quality of the coal was found to

be unsatisfactory,* and operations were consequently abandoned.

This woidd appear to show that the inferiority of tiie main seam coal

* KutlierforiVs I{ei)ort, 1800.
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obscivoil in tlio rnstoni wnrkiiip "t" tlio (ioncnil Mining Assopiatioii

i'xt(!ii<l.s beyond tlicir iiniporty on the east side ol tiie river. I iiave

attriliiited tliis to the elleets on tho procci^s of coal formation jproduccd

by tlio Hpnr of okler nietamorphie roek whiili extends forward into

thi.s part of tlio eoal area from the southward, and in tliis ease the

deterioration may iippiy tit n considerabh; area near the southern edge

of tho trough, but the coal may be expected to improve in following

it towanl the dip. 1 regret that I have not any details as to tlio

precise aspect ami character of the coal as exposed by the (Jerman

Company, as this might have enabled morc! precise (Conclusions as to

its cnuso and extent to be arrived at.* The appearance of workable

coal farther eastward toward Sutherland's i{iver has been already

referred to, and on tho o])posite side of thi; trough, eastward of New
(ilasgow, two beds of coal, stated at four feet each in thickness, have

been found. A[ach additional cxidoration is required in this part of

tho area, to ascertain tho arrangeuu^it of tho strata, and also the

peculiar character and distribution of tho beds of coal, which may bo

expected to differ materially from those on the west side of the river.

(0.) Ot/irr Partu of the PirUm C(>al-ft<-l(l

The small seams of coal seen at Merigomish Island, Little Harbour,

Fraser's Mountain, South I'lctou, and Carribou, appear to belong to a

second and upper series of coal seams, as compared with those of the

Albion Mines, or more properly, perbajis, two distinct groups of coals.-i"

They have not been ascertained to be of workable value, and, as already

stated, may be considered as the representatives of the Ujipor Coal

formation or the upper part of the Middle Coal formation, as devel-

oped at the South Joggins. The facts already stated show that the

])roductive Coal measures on the East liivcr belong to a special and

limited coal area, while the beds northward of the New Glasgow

conglomerate belong to a larger area, continuous to the north with

that of Cumberland. For this reason, we should not be disposed to

expect in this wider area, surrounding Pictou Harbour, a repetition of

the great beds of the All)ion Mines, but there is no reason to snppose

that the coal actually present is limited to the thin beds just mentioned.

On the contrary, the analogy of tho Cumberland Coal-field would lead

us to expect that under these beds, and cropping ont northward and

* A Imiid speciiiioii from this mine, for which I am intlohted to Mr Barnes, in its

highly Inminatud and Auuv cliaraetcr, corresponds with what miglit he expected on the

views ahuve stated.

t The coal-beds of Fraser's Jtountain, Little Harbour, and Mcrifromish Island, are

very probably members of one group of coal-seams, and those of the loading ground

and other places near Pictou Harbour of a second and higher group.
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wcMtwnnl f>f I'ictnu Harljoiir, tlu'io mIumiM I)o ntlior uml pcilmps more

valiiiil)lt^ bodrt. At pnisiMit, liownver, littl<! is known (if the (letiiilcfl

structure (if tlii.H part of tlu; I'ictou (.'oal-lU'ld, and tlio diHtance from

iuivignl)lc water of tliOMC portions of it in wliieli coal i« likely to be found,

prevents any expcnsivt! explorations from being made. I anticipate

that the careful tracing, for practical purposes, of tlie northern edge of

the Kast liiver ('oal-beds, along and around the New Glasgow con-

glomerate, will, in a few years, give data which nniy bo employed to

work out the true relations and practical valuo of such beds as may
occur in the area now under consideration.

Minerals other than Coat.

Clay Inmstone occurs in the Pictou Coal measures, apparently of

good quality, and in suflicient abundance to be extracted profitably,

if in a country in which smelting-furnaccs arc in operation. At

present, however, no attention is paid to it. From the abundance of

boulders of lirixcn Ileinatite scattered over the surface of the Lower

Carboniferous rocks on the Kast River, I have inferred that veins of

that rich ore of iron exist in these rocks, in the same maimer as ' the

yhnbenacadic. The outcrop of these veins had not been observed

at the time of the publication of my first edition, but I am informed

by Dr Iloneymnn that veins of this mineral have recently been dis-

covered in situ, and that there is reason to believe that they penetrate

the Silurian rocks. • The i)resence of these ores, in connexion with a

large bed of peroxide of iron in the older slates to be hereafter de-

scribed, leaves little doubt that were other circumstances favourable,

iron-works might bo established on the East River without any defi-

ciency in the raw material. The following analysis of the ore is by

Professor IIow of Windsor :

—

Peroxide of iron, with traces of phosphoric acid

Alumina and phosphoric acid .

Sesquioxide of manganese ...
Magnesia

Water

Siliceous ganguc .....
Carbonic acid and loss . . . . ,

84-54

0-19

0-76

0-43

11-41

2-22

0-45

100-00

Gray Freestone, for architectural purposes, is found in a great

number of places in the Pictou Coal formation, and is quarried both

for domestic use and for exportation to the United States and neigli-

Hi

m
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^reat

both

igh-

bouriiig colonics. Many buildings Imvc licon constructed of Pictou

freestone in the large cities of tlio Americiin Union ; and its eliciii)-

ness, durability, nnd fine colour, are likely to secure an extended

demand. Tin' principal (|uiirric.s arc on Saw Mill IJrook, at the head

of I'ictou Harbour, where stone of excellent quality ai\d colour, and

both in blocks and flags, is found in gri^it abundante. Tlieso (luarrics

have been very extensively opened, and a railway and loading pier,

three-fourths of a mile in lengtli, have been constructed. The greatest

quantity shipped in any year has been i5()()() tons ; but with the present

facilities from 10,000 to 12,000 tons ';an be Mmiually shipped froui the

"Acadia Quarry," which is the principal opening.

Gypsum, in workable quai.;'' • occurs only on the East River, and

is at too great a distance fioni . port of shipment to be ([uarried at

present, except for domestic ii ,c.

Limestone is quarried '"' use in the eon, .jy, at the East and West

Rivers, and small qaaninies nro occ: -lOnally taken from the beds at

Merigomish and Cnpo John. curious concretionary limestone,

belonging apparently to the lip];er Coal formation, and occurring at

Eraser's Alountain nnd nt Little Harbour, near New (ilasgow, has

attracted some attention as a mnrbk. for decorative pur])oses.

Manganese Ore, Sulphate of Uarytes, Umber an'' f'-hres, are found

in small quantities. JJruk and Ptittery clays also occur.

The Copper Ores found iu the Coal formation have been already

mentioned. The principal localities are Caribou River, the West

River, a little below Durham, and the l^ist Jiiver, a few miles above

the Albion Mines. Hiniilar tappearances also occur on French and

Waugh's Rivers, in the band of Coal formation rocks connecting the

Cumberland and Pictou districts. In all these places the principal

ore is the gray sulphurct of the metal, with films and coatings of the

green carbonate. These ores arc associated with fossil plants, to

which, as already explained, tiieir accumulation is to be attributed.

The ores are rich and valuable, and the only reason which prevents

them from being worked, is the belief that the deposits are too limited

to bo of economical importance. This has been found to be the case

in two instances in which trials have been made by the agents of tlio

Mining Association. The following is the composition of a sample

from Caribou, analyzed by the writer :

—

Copper .... 40-00

'von .... 1106

Cobalt .... 2-10

w.

Cany forward 53*16
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and gray sandstone, the latter containing Catamites, Sternbergia, and

other Coal formation fossils, and no doubt higher in the series than

the beds last mentioned. Near Morristown these beds dip to the

N.E., and have been disturbed by a spur of trappean or altered rock,

containing kernels of epidotc, and associated with contorted dark

shales, probably Lower Carboniferous. IJeyond this interruption, the

coast .shows soft reddish sandstones and shales, with some beds of gray

sandstone and conglomerate, dipping to the S.S.E. at an angle of 50",

and on the.se rests a bed of limestone nearly 100 feet thick ; in its

lower portion laminated, tlic laminae being occasionally broken up so

as to give it a fragmentary or brecciatcd appearance; in its upper

part compact, and penetrated by small gypsum veins. On this lime-

stone rests a rock consisting of alternate layers of limestone and

gypsum, above which is a great thickness of pure fit sli-coloured

crystalline gypsum, and on this again, white laminated tine-grained

gypsum, with minute grains of carbonate of lime. The whole thick-

ness of the gypsum is about 200 feet, and it forms a beautiful cliflF

fronting the sea (Fig. 138).

Fig. 138.

—

Cliff of Crystalline Gypsum near Of/den'a Lair, Sydney County.

This gypsum and limestone can be traced vfi'Sn scarcely any inter-

ruption to the village of Antigonish, about five miles distant, where

the same beds are seen in the banks of Riglit's River. Near the

mouth of this river, at the head of Antigonish Harbour, is a thick bed

of white gypsum, dipping to the south-west. Succeeding this, in

descending order, after a small interval (which appears to have been

occupied by sandstones, now nearly removed by denudation), is a bed

of dark-coloured limestone, in which, at different points where it



i
j^

I
.

i
i

i
•; ' /I

tf

i: I

Ijfii

•ntff •

i'li

348 THE CARUONIFEUOUS SYSTEM.

appears, I found Productus semirettculatiis, with other shells, also

occurring in the East liivcr ; and Productus cora, a shell not yet met

with in tlic East Itiver limestones, but very characteristic of the

gypsiferous formation in otlier parts of the province. BeloAV this

limestone tlicrc is auotlior break, also showing traces of sandstones

and a bed of gypsum, and tiien a tliick bed of dark limestone, partly

laminated and partly brccciated, without fossils, and containing in its

fissures thin plates of copper-ore. Beneath this limestone is a great

tliickness of reddish conglomerate, composed of pebbles of igneous

and mctamorphic rocks, and varying in texture from a very coarse

conglomerate to a coarse-grained sandstone. In one place it contains

a few beds of dark sandstones and shales. These are succeeded by

red, gray, and dark sandstone and dark shales, in a disturbed condition,

but probably underlying the conglomerate. They contain a few fossil

plants, especially a Lepidudcndnm which appears to be identical with

the species already mentioned as found in a similar geological position

at Uorton arid Noel. The limestones, with their characteristic fossils,

may be seen still farther west on the West Kiver of Antigonish.

Dr Iloneyman has recently discovered the pygidium of a Phitlipsia

in these limestones, being tlie second instance of the occurrence of

Trilobitcs in the Lower Carboniferous of Nova Scotia, lie has also, in

the Transactions of the Nova Scotia Institute, published an interesting

paper on the Geology of Antigonish County, in which he more accu-

rately than heretofore defines the limits of the formation. I have

availed myself of this paper in correcting the geological map in this

edition.

On the west side of the Ohio River, about fifteen miles from Anti-

gonish, this Carboniferous district terminates against the mctamorphic

hills, which here occupy a wide surface, and send off a long branch to

Cape Porcupine in the Strait of Canscau. This branch consists in great

part of slates older than the Carboniferous system, but it also appears

to contain altered Carboniferous rocks. It bounds this district on the

south. Along its northern side, the Lower Carboniferous limestones

and gypsum appear at the north end of Lochaber Lake, at the South

R;ver, and at the northern end of the Strait of Canscau. They

arc probably continuous, or nearly so, between these points. In the

coast between the place last mentioned and Antigonish, Carboniferous

rocks, principally sandstones, appear in several places; and towards

Pomket and Tracadic, in the central part of the district, the Coal for-

mation, probably its lower portion, is seen ; and small seams of coal

have been found in it. I have had no opportunity of examining them,

but have no doubt that they form the southern edge of the coal-field
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underlying St George's Bay, and the eastern side of which a^ipoars at

Port Hood in Cape Breton.

The Antigonish area thus appears to be of triangular form, with

the Lower Carboniferous beds extending along its Avcstern and .south-

eastern sides, and the Coal formation occupying a limited space on the

northern side. It is rich in limestone and gypsum, and has that fertile

calcareous soil which so generally prevails over the rocks of the

gypsifcrous series.

Coal and Salt of Antigonish County.

Until recently it was snppo.scd that all the Carboniferous rocks in

the vicinity of Antigonish Harbour were referable to the I^ower Car-

boniferous ; but I learn from a manuscript report of MrJ. Campbell,

kindly communicated to me by Mr Chi.sholm of Antigonish, that a

limited, though productive, coal-field has been discovered in the

vicinity of South Lake Brook, extending north-easterly from the road

to Malignant Cove. On the south side of the area the beds dip to

the northward at angles of 30" to 40°, and arc underlaid on the south

by Lower Carboniferous bituminous limestones and shales. The

northern side of the area has not been explored, but the Coal measures

must be limited in this direction by the Low'cr Carboniferous and

igneous rocks occupying the coast from Malignant Cove to Cape St

George. It would appear from Mr Campbell's report that five beds

of coal have been discovered as follows, in ascending order :

—

L

2.

3.

4.

Coal
Shale

Coal

Beds, unknown

Coal

Beds, unknown

2 ft.
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made, under the .'jupcrlntendencc of jMr J. Deacon of Halifax, near

the liarbour landing-place, to the depth of 154 feet, the rock penetrated

was gypseous marl with thin bands of limestone. After passing

through about 122 feet of this material, and a bed of limestone 1 foot

2 inches thick, a bed of gypsum was reached from which a flow of

strong brine entered the bore hole. The gypsum has been penetrated

to the depth of eighteen feet, and is probably one of the thick beds

above referred to. The brine is said to be copious and rich in salt.

Carboniferous District of Guysboroiigh.

This district is separated from that last described by a narrow belt

of mctamorphic country forming a range of low elevations. Part of these

altered rocks may belong to the Lower Carboniferous series itself, but

the greater part of them arc of higher antiquity. On the south side

of this ridge, we find a belt of Carboniferous rocks, extending from

the Strait of Canscau along the north side of Chedabucto Bay.

Westward of the head of this bay, the Carboniferous rocks extend in

a narrow band, separating the inland mctamorphic hills from those of

the Atlantic coast, almost as far as the sources of the Avest branch of

the St Mary's River, fifty miles west of Chedabucto Bay.

North of the town of G uysborough, and not very far from the mcta-

morpliic rocks, is a bed of blackish laminated limestone. I could find

no fossils in it, but it has the character of the lowest Carboniferous

limestones as seen elsewhere. It has some of its fissures filled with

micaceous specular iron, and is associated with conglomerate and

sandstone somewhat altei'cd. This limestone dips N. 60° W. at a

high angle. Limestone re-appears with a high easterly dip on the

opposite side of the harbour, and near it are altered shales nearly in a

vertical position. Southward of the town of Guysborough, limestone

again appears in thick beds, and between it and the town are reddish

sandstones and conglomerates dipping S. 60° E. Some of these beds

are evidently made up of the debris of the granite-hills to the south-

ward, proving that these older hills were land undergoing waste in

the Carboniferous period.

The whole of the beds near Guysborough Harbour are much disturbed

and in part altered ; and, i.nmediately to the westward of the town, a

spur of porphyritic and trappean rock extends from the hills to the

northward, nearly across the Carboniferous valley : the eruption of

these igneous rocks has probably occuiTcd in the Carboniferous period,

and effected much of the baking and other alteration which the rock,3

of that period have experienced.

Beyond this ridge of igneous rock, the long valley extending to
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the westward is occupied by gray and rcddisli sandstones and conglo-

merate, with gray shales in a few places, the whole forming a narrow

trough. On the southern margin ol this trough, tlie conglonicrato

contains pebbles of gray quartzite, micaceous flag, and blue slate,

precisely similar to the metamorphic rocks immediately to the south-

ward, and in these conglomerates and the sandstones resting on them,

I found a few fragments of Cnlamilcs and Lrpidodmdron. Fossils

appear, however, to be rare in this district, and 1 have not observed

in it any coal ; nor do the limestones appear, so far as 1 am aware,

west of Guysborough.

With the exception of limestone and freestone for building, I ara

not aware that this district affords any useful minerals. Galena^ or

sulphuret of lead, is said to have been found in small quantities near

Guysborough, and small veins of Specular Iron traverse many of the

altered rocks in that vicinity. The soils of this valley, however,

especially on the St Mary's River, are causing it to rise rapidly in

impoi'tance as an agricultural district, and its scenery is in many places

varied and beautiful.

Before passing to the coal-fields of Cape Breton, I may shortly

notice two limited patches of Carboniferous rocks occurring on the

margin of the metamorphic rocks on the south coast of Nova Scotia,

at Margaret's Bay and Chester Basin.

At Margaret's Bay, red and gray sandstones and a bed of limestone

appear, though much buried under masses of granitic drift. In lime-

stone from this place, I have found the To'cbratida sacculus, a char-

acteristic Lower Carboniferous shell. At Chester Basin, the Lower

Carboniferous rocks appear still more distinctly, and contain thick

beds of limestone of various qualities. One of the beds is said to be

a good hydraulic cement, and another, in weathering, leaves an umber

of a rich brown colour, which is manufactured and sold under the

name of Chester mineral paint. The limestone at this place contains

several of the shells already mentioned as characteristic of the Carbon-

iferous system. A small seam of coal is also stated to occur near

Chester ; but I have not seen it.

These isolated patches arc interesting, as they arc evidently portions

of the margin of a Carboniferous district either sunk beneath the

Atlantic or removed by the action of its waves.

ing to

1
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CHAPTER XVni.

THE CARBONIFEROUS SYSTEM— C'o«<jrtHCfZ.

LAND ANIMALS OF TIIK COAL I'KItlOD.

In the Carboniferous period, thougli laud plants abound, air-breathing

animals are few, and most of them have only been recently recognised.

We know, however, with certainty that the dark and luxuriant forests

of the coal period were not destitute of animal lite. Reptiles crept

under their shade, land snails and millipedes fed on the rank leaves

and decaying vegetable matter, and insects flitted through the air of

the sunnier spots. Great interest attaches to these creatures; perhaps

the first-born species in some of their respective types, and certainly

belonging to one of the oldest land faunas, and i)rescnting prototypes

of future forms equally interesting to the geologist and the zoologist.

It has happened to the writer of these pages to have had some sluire

in the discovery of several of these ancient animals. The Coal for-

mation of Nova Scotia, so full in its development, so rich in fossil

remains, and so well exposed in coast cliffs, has afforded admirable

opportunities for such discoveries, which have been so far improved

that at least nine out of the not very large number of known Carbon-

iferous reptiles, have been obtained from it. I propose in this chapter

to give a general account of these interesting creatures, referring the

reader for more full details to my special publication on the subject,

"The Air-breathers of the Coal Period." -

Footprints.

It has often happened to geologists, as to other explorers of new

regions, that footprints on the sand have guided them to the inhabi-

tants of unknown lands. The first trace ever observed of reptiles in

the Carboniferous system, consisted of a series of small but well-

marked footprints found by Sir W. E. Logan, in ISil, in the Lower

Coal measures of Ilorton Uluflf, in Nova Scotia; and as the authors

of all our general works on geology have hithei-to, in so far as I am
* Montreal and London, 18G3.
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inivy 1)0 observed, liiul previously been di.seovcrctl in the Coal forniii-

tioii ill Kiiropu.

Tlu! Diif^iiiai spcc.iiiioii of (luiHO footprints is still in tlio colloction of

Sir William L()f,Mti. It is a slah of <lark-ciilonrcil sandstono, glazed

with lino elay on tli(! siu raci! ; ami having a scries of seven footprints

in two rows, distant alioiil three inehes ; the distanee of the impressions

in each row being three or four inches, and the individual impressions

ahoiit one inch in length. They scein to have been nuulc by the points

of the toes, which must have been armed with strong and apparently

blnnt claws, and appear as if (titlier the surface had been somewhat

firm, or as if the body of the animal had been i)artly water-boino. In

one place only is there a distinct mark of the whoh; font, as if the

animal had exerted an nmisnal [)ressiire in turning or stopping sud-

denly. One pair of fei^t, the fore feet 1 presume, appear to have had

four claws; the other i)air may have hail three or four, and it is to bo

observed that the outer too, as in the larger footprints discovered by

])r King, pnijects in the manner of a thnmb, as in the cheirothcrlan

tracks of the Trias. No mark of the tail or belly appears. Tho

impressions arc such as may have been made by some of the rej)tile3

to bo described in the sequel, as, for instance, by Dendrcrpctun

Acadinnuin.

Attention having been directed to such marks by these observations

of Sir William Logan, several other discoveries of the same kind

were subsequently made in various parts of the province, and in

different members of the Carboniferous system. The first of these,

in order of time, was made in 1814, in beds of red sandstone and

shale near Tatamagouche, in tho eastern part of Nova Scotia, and

belonging to the Upper or newer members of the Coal measures. In

examining these beds with the view of determining their precise

geological age, I found on the surface of some of them impressions

of worm-burrows, rain-drops, and sun-cracks, and Avith these, two

kinds of footprints, probably of reptilian animals. One kind consisted

of marks, or rather scratches, as of three toes, and resembling some-

what the scratches made by the claws of a tortoise in creeping up a

bank of stiff clay ; they were probably of the same nature and origin

with those found by Logan at llorton. The others were of very

different appearance. They consisted of two scries of strongly marked

elongated impressions, without distinct marks of toes, in scries four

inches distant from each other, and with an intervening tail mark.

They seem to have been produced by an animal wading in soft mud,

so that deep holes, rather than regular impressions, marked its foot-

stops, and that in the hind loot the heel touched the surface, giving

}
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referable to the genus t^auro]>us, to be subseiiuoutly mcntionetl in

connexion with tiio discovery of similar footprints in Cape IJreton.

I liavc since observed several instances of such impressions at the

Joggins, at llorton, and near Windsor, showing that they arc by no

means rare, and that reptilian aninnds existed in no inconsiderable

numbers throughout the coal-field of Nova Scotia, and from the

beginning to the end of the Carboniferous period. Two examples arc

figured ill my " Air-brcathcrs," with those already described. On
comparing these with one another, it ai)pears that Logan's, Harding's,

and one of mine arc of similar general character, and may have

been made by one kind of animal, which must have had the fore

and hind feet nearly of equal size. The other belongs to a smaller

animal, which probably travelled on longer limbs, more in the manner

of an ordinary qnadru[)cd. Its toes cannot be distinguished. On the

whole, these footprints, while difTering from those found by Dr King

in Pennsylvania, do not prove the existence of any kind of animal

distinct from those to be described in the sequel, and known to us by

the preservation of portions of their skeletons.

The study of these footprints shows that the animals which pro-

duced them may, in certain circumstances, have left impressions of

only two or three of their toes, while in other circumstances all may
have left marks ; and that, when wading in deep mud, their footprints

were altogether different from those made on hard sand or clay. In

some instances the impressions may have been made by animals

wading or swimming in water, while in others the rain-marks and

sun-cracks afford evidence that the surface was a sub-aerial one.

They arc chiefly interesting as indicating the wide diffusion and

abundance of the creatures producing them, and that they haunted

tidal flats and muddy shores, perhaps emerging from the water that

they might bask in the sun, or possibly searching for food among the

rejectamenta of the sea, or of lagoons and estuaries.

Mr J3rown of Sydney has added to our knowledge of Carboniferous

footprints by the discovery of a fine slab, now in the museum of

M'Gill University, which indicates the existence of an animal of con-

siderable size, the breadth of the foot being three inches (Fig. 140).

The specimen was. thus described by the writer in the " Canadian

Naturalist :
"—

" The slab exhibits with some distinctness three footprints of the

right side, and less distinct traces of the left feet. The feet are short

and broad, the fore foot as large as the hind foot, the toes short, broad,

and deeply impressed in the sand. Four toes are distinctly marked

in both fore and hind feet, and there are indications of a fifth in one

'Ti/i|i
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of tlio footprints. Tlic stiidn is considcmbly groi\tcr tlmn tlio hrcndth

of tlio body. TIh! toes aro Hoincwlmt tunicil inward, Tlic figure is

reduced ti) one-Kixtli, so tliat the animal must have been ratlier larger

than Dcndra'pclun Acadutuuiii, with shorter toes and broader body."

Fig. 110.

—

Footi>rinta of Siturajxin Si/<liic)isia {icduccd).

f^'?*^*:*'

y
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These footprints arc quite different in form from those previously

found by Sir AV. E. Logan, Dr Harding, and the writer. They more

nearly resemble those figured by Dr King and Mr Lea from the

Carboniferous of Pennsylvania; and inay have been produced by an

animal gcnerically related to that which has left the traces named

Sauropus primccvus by the latter author. For this reason, until wo
shall obtain some knowledge of the animal from more definite remains,

I propose for it tlie name of Sauropus Si/(hiensis. The specimen was

found by Mr Ilrown in the Coal formation at North Sydney.

These footprints add a ninth .sjjecies to the reptilian fauna of tho

Coal formation of Nova Scotia, and arc the first traces of this kind

discovered in the Cape Breton Coal-field.

The footprint already mentioned as having been found by ]\Ir

Jones of Halifax at I'arrsboro', is almost precisely of the same size

and form with the preceding, and may possibly have belonged to tho

same species. It has five distinctly marked toes.
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liaphe.trs planlcfps^ Owen.

In the summer of 1851, I Imd occasion to spend a day at the Alltiou

Minos; and on arriving at tliu railway station in the afternoon, found

myself somewhat too early fo'* tlie train. Hy way of improving,' tlio

time tims left mi my liamls, I betook myself to the cxaminatinn of a

large pile of rnhltisli, consisting of sliale ar.d inmstone from one of tiie

pits, and in wliieli I iiad previously found scales and teeth of (ishes.

In the Itlocks of hard ('urliDnaeeous shale and earthy coal, of which the

pile chielly consisted, scales, teeth, and coprulitcs often appeared on

the weathered ends and surfaces as whitish spots. In lonking for tiieso,

I observed one of much greater size than usual, on the edgi; of a block,

and on splitting it o[)cn, found a large flattened sUull, the cranial ixmcs

of which remained entire on one side of the mass, while the j)alate and

teeth, in a more or less fragmentary state, came away with the other

half. Carefully trimming the larger spceiiinu, and gathering all the

smaller fragments, I packed them up as safely as possible, and returned

from my little excursion much richer than I had hoped.

The s])ecimen, on further examination, proved somowhnt puzzling.

I supposed it to be, most probably, the head of a large ganoid iish

;

but it seemed different from anything of this kind with which I coultl

compare it; and at a distance from comijarativc anatomists, and

without suffeient means of determination, I dared not refer it to any-

thing higher in the animal scale. Hoping for further light, I packed

it up with some other specimens, and sent it to the Secretary of

the Geological Society of London, Avith an explanatory note as to

its geological position, and requesting that it might be submitted to

some competent osteologist for examination. For a year or two, how-

ever, it remained as quietly in tbc Society's collectiim as if in its

original bed in the coal-mine, until attention having been attracted to

such remains by the discoveries made by Sir Charles Lyell and myself

in 1852, at the South Joggins, and published in 185,3,* the Secretary

or President of the Society rediscovered the sjiecimen, and handed it

to Professor Owen, bywhom itwasdescribed in l)ecend)er 1853,f under

the name of Baphetes planiceps, which may be interpreted the " flat-

hcadcd-diving animal," in allusion to the flatness of the creature's

skull, and the possibility that it may have been in the habit of diving.

The parts preserved in my specimen arc the bones of the anterior

and upper part of the skull in one fragment, and the teeth and palatal

bones in others (see Fig. 137, ante; also Fig. Ml). The teeth are

* Journiil of Geological Society of London, vol. ix.

f Journal of Geological iSocicty, vol. x. ; and additional notes, vol. xi.
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conical and somewhat curved, the outer series from a line to two lines in

diameter, and the inner series three lines or more. They are implanted

in shallow sockets in the maxillary and premaxillary bones, and arc

anchylosed to the sockets. For the lower third, the outer surface

presents shallow vertical grooves, conformably with the plicated char-

acter of the internal structure. The upper portion is smooth, and its

internal structure presents merely radiating tubes of ivory, and concen-

Fig. 141.

—

Baphetcs planiceps, Owen.

(a) FraRiient of maxillary lioiie slinwiiigBCiilpturo, four outer tcolli, niid onoinmr tooth; nnt. size

(4) Section of inner tooth ; niagnilieil. (c) Uennal scale; nat. size.

trie layers. The whole of these characters arc regarded as allying the

animal with the great crocodilian frogs of the Trias of Europe, first

known as Chcirothcriaris, owing to the remarkable hand-like im-

pressions of their feet, and afterwards as Labi/rinf/iodo7ils, fi'om the

beautifully complicated convolutions of the ivory of their teeth.

The only additional remains attributable to tiiis creature, found since

the publication of Professor Owen's description, arc a bone and a scute

or scale. The former may be a scapular or sternal bone, and if so,

would warrant the belief that the creature possessed anterior limbs of

considerable size ; the proportion relatively to the skull being much

the same as in the American bullfrog. The latter is marked in the

same way as the bones of the head, and would indicate that Baphetes

was protected by bony dermal scales, resembling those of the crocodile.

Of the general form and dimensions of Baphetcs, the fiicts at present

known do not enable us to say much. Its formidable teeth and
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strong maxillary bones show that it must have devoured animals of

considerable size, probably the fishes whose remains are found with

it, or the smaller reptiles of the coal. It must, in short, have been

crocodilian, rather than frog-like, in its mode of life ; but whether,

like the labyrinthodonts, it had strong limbs and a short body, or like

the crocodiles, an elongated form and a powerful natatory tail, the

remains do not decide. One of the limbs, or a verlcbra of the tail,

would settle this question, but neither has as yet been found. That

there were large animals of the labyrinthodontal form in the Coal

period, is proved by the footprints of >Sau7'opus, already noticed, which

may have been produced by an animal of the type of liaphetcs. On
the other hand, that there were large swimming reptiles seems estab-

lished by the recent discovery of the vertebraj of Eusaurus Acadianus,

at the Joggins, by Mr Marsh.* The locomotion of Baphetes must

have been vigorous and rapid, but it may have been effected both on

land and in water, aiid either by feet or tail, or both.

With the nature of its habitat wc are better acquainted. The area

of the Albion Mines Coal-field was somewhat exceptional in its char-

acter. It seems to have been a bay or indentation in the Silurian

land, separated from the remainder of the coal-field by a high shinglo

be.ich, now a bed of conglomerate. Owing to this circumstance, while

in the other portions of the Nova Scotia Coal-field the beds of coal

are thin, and alternate with sandstones and shales, at the Albion

Mines a vast thickness of almost unmixed vegetable matter has been

deposited, constituting the "main seam" of thirty-eight feet thick,

and the " deep seam " twenty-four feet thick, as well as still thicker

beds of highly carbonaceous shale. But, though the area of the Albion

Coal measures was thus separated, and preserved from marine incur-

sions, it must have been often submerged, and probably had connexion

with the sea, through rivers or channels cutting the enclosing beach.

Hence beds of earthy .matter occur in it, containing remains of large

fishes. One of the most important of these is that known as the

"Holing s' ^ne,"—a band of black highly carbonaceous shale, coaly

matter, and clay ironstone, occurring in the main seam, about five feet

below its roof, and varying in thickness from two inches to nearly

two feot. It was from this band that the rubbish-heap in which I

found the skull of Baphetes planiccps was derived. It is a laminated

bed, sometimes hard and containing much ironstone, in other places

soft and shaly ; but always black and carbonaceous, and often with

layers of coarse coal, though with few fossil plants retaining their

forms. It contains large round flat scales and flattened curved teeth,

* Silliman'8 Journal, 1859.
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which I attribute to a fish of tlie genus Ilhizodus, reseuibling, if not

identical with, E. lancifcr, Newberry. AVith these are double-pointed

shark-like teeth, and long cylindrical spines of a species of Dlplodus

{D. acinoces).* Tlierc are also shells of the minute Spirorbis, so

conxnion in the Coal measures of other parts of Nova Scotia, and

abundance of fragments of coprolitic matter.

It is evident that the " Holing stone " indicates one of tiiosc periods

in which tlie Albion Coal area, or a large part of it, was under water,

probably fresh or brackisli, as there are no properly marine shells in

this or any of the other beds of this Coal series. We may then

imagine a large lake or lagunc, loaded with trunks of trees and

decaying vegetable matter, having in its shallow parts, and along its

sides, dense brakes of Calamiles, and forests of Sigillaria, Lcpiclo-

dendroji, and other trees of the period, extending far on every side

as damp pestilential swamj)S. In such a habitat, uninviting to us,

but no duubt suited to Baphctes^ that creature crawled through swamps

aiid thickets, wallowed in flats of black mud, or swam and dived in

search of its finny prey.

Dendrerpeton Acadianum, Owen.

The geology of Nova Scotia is largely indebted to Sir Charlos

Lyell. Though much had previously been done by others, his personal

explorations in 1842, and his paper on the gypsiferous formation,

published in the following year, first gave form and shape to some of

the more difficult features of the geology of the country, and brought

it into relation with that of other parts of the world. In geological

investigation, as in many other things, patient plodding may accu-

mulate large stores of fact, but the magic wand of genius is required

to bring out the true value and significance of these stores of know-

ledge. It is scarcely too much to say that the explorations of a few

weeks, and subsequent study of tlio subject by Sir Cliarlcs, with the

impulse and guidance given to the labours of others, did as mucli for

Nova Scotia as might have been effected by years of laborious work

under less competent heads.

Sir Charles naturally continued to take an interest in the geology

of Nova Scotia, and to entertain a desire to explore more fully some

of those magnificent coast sections which he liad but hastily examined
;

and when, in 1851, he had occasion to revisit the United States, ho

made an appointment with the writer of these pages to spend a few

days in renewed explorations of the cliffs of the South Joggins. The

object specially in view was the thorough examination of the beds of

* Sec pp. 202, 203, ante.
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the true Coal measures, -with reference to their contained fossils, and

the conditions uf accumulation of the coal ; and the results were given

to the world in a joint paper on "Tlic Remains of a lieptilc and a Land-

shell discovered in tlie Interior of an erect Tree in the Coal Measures

of Nova Scotia," and in the writer's paper on " The Coal Measures of

tlie South Joggins ;

"* M-bilc other important investigations grew out of

tlie following up of tliese researches, and much matter in relation to the

vegetable fossils has only recently been worked out. It is with the

more striking fact of the discovery of the remains of a reptile in the

Coal measures that we have now to do.

These interesting remains were found in the Interior of one of those

fossil erect SigillarioB described in a previous chapter, and which,

iiaving fallen from the cliff, lay in large disc-like fragments on the

beach. "Wliile examining these " fossil grindstones," Ave Avcre sur-

prised by finding ou one of them what seemed to be fragments of

bone. On careful search, other bones appeared, and they had the

aspect, not of remains of fishes, of which many species arc found fussil

in these Coal measures, but rather of limb-bones of a quadruped.

The fallen pieces of the tree were carefully taken up, and other bones

disengaged, and at length a jaw with teeth made its appearance.

Wc felt quite confident, from the first, that these bones were reptilian

;

and the whole being carefully packed and labelled, were taken by

Sir Charles to the United States, and submitted to Professor J. Wynuin
of Cambridge, who recognised their reptilian character, and prepared

descriptive notes of the principal bones, which appeared to have

belonged to two species. He also obsorved among the fragments an

object of different character, apparently a shell, which was recognised

by Dr Gould of Boston, and subsequently by Mr Dcshayes, as probably

a land-snail, and has since been named Pupa vetusta.

The specimens were subsequently taken to London and re-examined

by Professor Owen, who confirmed Wvman's inferences, added other

characters to the description, and nav-od the larger and better preserved

species Dcndrc.rpcton Acadianum, in allusion to its discovery in the

interior of a tree, and to its native country of Acadia or Nova Scotia

(Fig. 142).

In form, Dendrerpeton Acadianuvi was probably lizard-like ; with

a broad flat head, short stout limbs, and an elongated tail ; and having

its skin, and more particularly that of the belly, protected by small

bony plates closely overlapping each other. It may have attained

the length of two feet. The form of the head is not unlike that of

* Journal of the Geological Society of London, vols. ix. and x.
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Baphetcs, but longer in proportion ; and much resembles tliiit of the

labyriuthodont reptiles of the Trias. The bones of the skull are

sculptured as in liapheles, but in a smaller pattern. The nostrils are

small, and near the nmzzle ; tlie orbits are circular, and separated by

Fig. 142.—DendrcrpetoH Acadianitm, Owen.

(n) Skull; imtiiral size.

(/<) Teetu, iniu'r and outer series ; magnified.

(c) Sectidii of one of tlic outer series; magnified.

(rf) Bonyiicale; enlarged.

(<•) Vertebra ; natural size.

(/')Ril)s; niitunil size.

(D) Cranial bone, sliowing sculpture.

(A) Humerus and ulna; natural size,

(i) Distal end of femur and portion of

tibia and fibula; natural size.

a space of more than their own diameter. In the upper jaw there is

a series of conical teeth on the maxillary and intermaxillary bones.

Those on the intermaxillaries are much larger than the others, and

have the aspect of tusks or canines. Within this outer series of teeth,
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but implanted apparently in the same bones, there is a scenncl series

of teeth, eh)sely placcil, or witli intervals equal to the diameter of

one tooth. These inner teeth arc longer than the others, implanted

in shallow sockets, to which they arc anchylosed, and have the dentine

plicated, except toward the point. A third group of teeth, blunt at

the points, largely hollow in the interior, and with the dentine qtiito

simple, appears in detached bones, which may represent the vomer.

Only a part of this formidable armature of teeth api)ears in the skull

represented in Fig. 142, as the bones of the roof of the mouth have

been removed, adhering to the opposite side of the matrix. It will

be observed that all these teeth arc anchylosed to the bone ; and that

those of the vomer are thinly walled and simple, the outer scries on

the maxillaries and intermaxillarics simple and flattened, while the

inner series of teeth are conical and plicated. In the lower jaw there

was a uniform scries of conical teeth, not perceptibly enlarged toward

the front, and an inner series of larger and plicated teeth, as in the

upper jaw.

The scapular and stemal bones seem to have been well developed

and strong, but only portions of them arc known. The fore limb of

the adult animal, including the toes, must have been four or five inches

in length, and is of massive pr^iportions. The bones were hollow,

and in the case of the phalanges the bimy walls were thin, so that

they are often found crushed flat. The humerus, however, was a

strong bone, Avith thick walls and a cancellated structure toward its

extremities ; still, even these have sometimes yielded to the great

pressure to which they have been subjected. Fig. 142 shows the

humerus of the original specimen of the species. The cavity of the

interior of the limb-bones is usually filled with calc-spar stained with

organic matter, but showuig no structure ; and the inner side of the

bony wall is smooth, without any indication of cartilaginous matter

lining it.

The vertcbr£E, in the external aspect of their bodies, remind one of

those of fishes, expanding toward the extremities, and being deeply

hollowed by conical cavities, which appear even to meet in the centre.

There is, however, a large and flattened neural spine. The vcrtcbriB

are usually much crushed, and it is almost impossible to disengage

them from the stone. Fig. 142 exhibits the usual form, and there

are others with long spines above and below, reminding us of those

of the batrachians and reptiles which have tails flattened for swimming,

and probably indicating that this was the case with Dcndrerpeton.

The ribs are long and curved, with an expanded head, near to which

they arc solid, but become hollow toward the middle ; and the distal

1 1- '"'•,»- "
-
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arc some reasons, derived from fossil plants, for believing that in the

preceding Devonian period tliere was less of tliis, and consequently

that there may then have been a liigiicr and more varied animal life

than in tlie foal period.* Even in tlie modern world also, we still find

local cases of this early union of dissimilar cimditions. It is in the

swamps of Africa, at one time dry, at another inundated, that such

intermediate forms as Li-pidosircn occur, to bafile the classiticatory

powers of naturalists ; and it is in the stagnant unaijrated waters, half

swamp, lialf lake or river, and unfit for ordinary fishes, that the semi-

reptilian A)nia and Lepidostcus still keep up the characters of their

paleozoic predecessors.

The dentition of Dcndrerpeton shows it to have been carnivorous in

a high degree. It may have captured fishes and smaller reptiles, either

on land or in water, and very probably fed (Ui dead carcases as well.

If, as seems likely, the footprints referred to in a previous section be-

long to Dcndrerpeton., it must have frequented the shores, cither in

search of garbage, or on its way to and from tlie waters. The occur-

rence of its remains in the stumps of Sifjillaria, with land-snails and

millipedes, shows also that it crept in the shade of the woods in search

of food ; and under the head of coprolitic matter, in a sub.sequent section,

I shall show that remains of excrementitious substances, probably of

this species, contain fragments attributable to smaller reptiles, and

other animals of the land.

Several of the bones of the limbs remain in sufficiently good preser-

vation to allow of measurement of their size. I am thus enabled to

give the following dimensions of parts of the animal :

—

Total length of skull



n

\r,
=

'

!

WlNl i

368 THK CARBONIFEROUS SYSTEM.

it to touch the groimrl, as wouhl also seem to liavc been the case from

the footprints found in the Coal formation beds, and the size and form

of the toes of which make it likely that they belonged to tliis animal.

From the relative dimensions of the bones, as compared with those

of other specimens in my possession, I presume that this individual

was three-fourths grown, and I doubt if its total length much ex-

ceeded one foot.

The limb-bones, though thin-walled and often crushed, evidently

had broad articulating surfaces ; and in the case of the fore-limbs par-

ticularly, Averc large and strong in proportion to the dimensions of the

head and vertebral column.

The large size of the fore limb I suppose to have been related to a

habit of walking or standing in shallow water, with the snout in the

air, in the manner of newts, and the more rapid movements of the

creature were probably performed by the tail. It is interesting to

observe that in llylonomns the proportions of the limbs were reversed

—the hind limbs being much larger than the fore limbs.

Dendrerpeton Oweni, Dawson.

Among the reptilian i-emains found in erect trees at the South Jog-

gins, there have occurred several portions of skeletons, which, from

their sculptured cranial bones, plicated teeth, and the forms of their

scales and limb-bones, I have referred to the genus Dendrerpeton, but

to individuals of much smaller size than the full-grown specimens of

D. Acadianum (Fig. 143).

On carefully examining these specimens, the result has been to

establish a strong probability that there is a second species of Dendrer-

peton, smaller than D. Acadianum, and differing from it in several

points. This species I propose to name D. Oweni. It differs from

D. Acadianum in the following particulars:—(1.) Its much smaller

size
; (2.) Its long and hooked teeth (it will be seen that these teeth

differ very markedly in their proportions and form from those of the

larger species represented in Fig. 142); (3.) The greater jilication of the

ivory in the intermaxillary teeth (in D. Acadianum these teeth are,

on the outside, simple almost to the base, and plicated on the iimcr

side, while in this species they are plicated all around like the inner

maxillary teeth)
; (4.) The form of the skull, which has the orbit

larger in proportion, and is also shorter and broader. On the other

hand, when we have described the species of Ilylonomus, it will be

seen that this animal, except in size, differs from them quite as widely

as does D. Acadianum.

The distinctness of D. Oweni is further confirmed by the fact that
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I possess small jaw-bones of J)endrerpclnn, aliout the size of those of

this species, but having the teeth similar in form t(i those of the larger

species; these 1 suppose to have belonged to young individuals.

The forms of the jaw-bones and of the vcrtebraj, ribs, seapidar bone,

bones of the limbs, and bony scales, indicate tiiat in general form this

creature was not far removed from its larger relative. Tiic bones of

Fig. H3.~-Dtii(lirqi(lon Owrni, Diuvson.

fr-F^T^^^

t, I

:ln

)a) Maxillary bnnn and mancVihlo ; natural size.

('<) I'oition of skull ; natural size.

(c) One of till' large nutprior teetli ; magnified.

{d) Exterior teeth ; magnified.

((•) Foot; enlarged.

(/) Portion of euticle sliowing homy scales;

enlarged,

(y) Cuticleiif posterior part of body; natural

size, showing supposed position of

hind log at b.

the foot, represented in Fig. 143, especially deserve attention. This

is the most perfect foot of Dcndrcrpcton hitherto found ; and I have

enlarged it in the figure in order more distinctly to .show its parts.

It presents three long toes, with traces of a smaller one at each side,

so that there were probably five in all. If these toes be compared

with the footprints on the slab discovered by Dr Harding, represented

in Fig. 139, it will be seen that they very closely correspond, though

:': r
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the toes of the present species are iiuieli smaller. The footprints arc

precisely those wliieli we may suppose an animal of the size of

Dcndrcrpcton Acadlanum would have made, if, as the bonca found

render in every way pr()l)al»le, this larger species had a foot similar to

that of 7>>. Ourni. I sup|)ose, for this reason, that these footi)rints arc

really those of Dcndrerpcton Acadianum ; ami that this species

continued to exist from the time of the Lower Coal measures to the

period when those higher beds of the scries in which its bones are

found at the Joggins were deposited.

The present species must have lived in the same places with its

larger relative; but may have differed somewhat in its habits. Its

longer and sharper teeth may have been better suited for devouring

worms, larvic, or soft-skinned fishes, while those of the larger Den-

drerpcton were better adapted to deal with the mailed ganoids of the

period, or with those smaller reptiles which were more or less protected

with bony or horny scales.

In one of my earliest explorations of the reptile-bearing stumps of

the .Toggins, I observed on some of the surfaces patches of a shining

black substance, which on minute examination proved to be the

remains of cuticle, with horny scales and other appendages. The

fragments Avere preserved; but I found it impossible to determine

with certainty to which of the species whose bones occur with them

they belonged, or even to ascertain the precise relations of the several

fragments to each other. I therefore merely mentioned them in

general terms, and stated my belief that they may have belonged to

the species of Hylonomus. More recently other specimens have been

obtained, which emible me to refer these specimens in part to the

present species and in part to the next species, Ilijlonomiis Lyelli

The specimen represented in Fig. 143, I believe, for reasons stated in

my memoir already referred to, to be the skin of a portion of the

hinder part of an individual of the present species.

Ilylonomus Lyelli, Dawson.

In the original reptiliferous tree discovered by Sir C. Lyell and the

writer at the Joggins in 1851, there were, beside the bones of Den-

drcrpcton Acadianum, some small elongated vertebra;, evidently of a

different species. These were first detected by Prof. Wyman in his

examination of these specimens, and were figured, but not named, in

the notice of the specimens in the J(>urnal of the Geological Society,

vol. ix. In a subsequent visit to the Joggins, I obtained from

another erect stump many additional remains of these smaller reptiles,

and, on careful comparison of the specimens, was induced to refer

mm
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them to tlirco species, all appfxrently generically allied. I proposed

fur tliem llic j,'eneric iianio Ilijloudinus, '' I'urest-dweller." Tlioy wero

deserihed in the Proceeding's of the (Jcological Society for 1H')9, with

ilhiHtrations f>f the teeth and other characteristic parts.* The smaller

species first described I named //. Wi/inani ; the next in size, that to

which this article refers, and which was represented hy a larger

number of specimens, I adopted as the type of the genus, and dedicated

to Sir Charles Lyell. 'J'he third and largest, represented only by a

few fragments of a single skeleton, was named //. acictlrntahis.

Ilijlonuiniis Lyclli was an animal of small size. Its skull is about

an inch in length, and its whole body, even if, as was likely, furnished

with a tail, could not have been more than six or seven inches long.

No complete example of its skull has been found. The bones appear

to have been thin and easily separable ; and even when they remain

together, are so much crushed as to render the shape of the skull not

easily discernible. They are smooth on the outer surface to the naked

eye, and under a lens show only delicate uneven stria; and minute

dots. They are more dense aiul hard than those of Dcndrerpitton, and

the bone-cells arc more elongated in form. The bones of the snout

would seem to have been somewhat elongated and narrow. A
specimen in my possession shows the parietal and occipital bones, or

the greater part of them, united, and retaining their form. AVc learn

from them that the brain-case was rounded, and that there was a

parietal foramen. There would seem also to have been two occipital

condyles. Several well-ju'eserved .specimens of the maxillary and

mandibular bones have been obtained. They are smooth, or nearly

so, like those of the skull, and are furnished with numerous sharp

conical teeth, anchylosed to the jaw, in a partial groove formed by the

outer ridge of the bone. In the antericn- part of the lower jaw there

is a group of teeth larger than the others. The intermaxillary bone

has not been observed. The total number of teeth in each ramus of

the lower jaw was about forty, and the number in each maxillary bone

about thirty. The teeth are perfectly simple, hollow within, and with

very fine radiating tubes of ivory. The vertebra) have the bodies

cylindrical or hour-glass shaped, covered with a thin, hard, bony plate,

and having within a cavity of the form of two cones, attached by the

apices. The ribs are long, curved, and at the proximal end have a

shoulder and neck. They arc hollow, with thin hard bony walls.

The anterior limb, judging from the fragments procured, seems to

have been slender, with long toes, four or possibly five in number.

The posterior limb was longer and stronger, and attached to a pelvi.s

* Journal of Geological Society, vol. xvi.

3 Hi





;
enlarged.

I.AMI AM.MAI.rt oV TIIK I UAI. rKllKU).

l'\lf. \l\.—n!iloiinmiiii f,>ii!h\ l>invs<in.

373

In



374 Tin; CAKllOMl'KUOUS SYSTKM.

paper already referred to. The bones being small and of dark colour,

are not very conspicuous, and many of them arc broken, but many
are beautifully perfect ; and even those which are removed have left

very distinct moulds of their form in the fine-grained matrix. In the

figure I have carefully traced their outlines in their natural po.:>ition,

with the exception of the maxillary bone and mandible, Avhich are

removed from their place in the matrix, to bring the whole into a

more compact form. The specimen also shows, in addition to the

bones delineated, many fragments of the skull and scapular bones,

crushed in such a manner that their forms caimot be distinguished.

The specimen shows remains of thirty vertebra, of which four appear

to belong to the neck, and the rest arc probably nearly all dorsal and

lumbfir. Of about twenty ribs more or less complete fragments

remain. The fore limb is represented only by the impression of a

humerus, but other bones which may have belonged to it are scattered

elsewhere on the stone. The pelvis is nearly entire, though crushed

and flattened. One thigh bone remains tolerably perfect, and beside

it lie the tibia and a part of the fibula, with several bones of the foot.

The dimensions of these parts are as follow :

—

Length of maxillary .... 07 inch,

mandible .... 07 ,,

longest rib (chord) . . .0-6 „

humerus .... 0'5 ,,

femur . . . . . 0-7 „

tibia ..... 0"45 „

»

»

»»

principal bone of pelvis . 0-7

The other specimen above referred to shows the bones of the tnmk,

and part of those of the hind and fore limb, of a small individual,

nearly in their natural position, Pud is remarkably instructive, as giving

some idea of tne general form of the trunk. It shows the humerus

and radius and ulna in a tolerable state of preservation, with a frag-

ment of the scapula. About thirteen dorsal and lumbar vertebra; can

be made out, nearly in their natural position ; and there arc remains

of five of the ribs. The hind limb is represented by fragments of the

femur, tibia, and fibula.

It is evident, from the remains thus described, that we have in

Hylonomus Lyelli an animal of lacertian form, with large and st'^ut

hind limbs, and somewhat smaller fore limbs, capable of walking and

running on land; and though its vertebra3 were impeifectly ossified

externally, yet the outer walls were sufficiently strong, and their

articulation sufficiently firm, to have enabled the creature to erect
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itself Oil its hind limbs, or to Iciip. They were certainly proportionally

larger and much more firmly knit than those of Dfudrerpctun. Further,

the ribs were long and nuu;h curved, and imply a respiration of a

higher character than that ot modern batrachians, and consequently

a more highly vitalized muscular system. If to these structural points

wc add the somewhat rounded skull, indicating a large brain, wc have

before us a creature which, however puzzling in its affinities when

anaioniically considered, is clearly not to be ranked as low in the

scale of creation as modern tailed batrachians, or even as the frogs

and toads. AVe must add to these also, as important points of dilVer-

ence, the bony scales with which it was armed below, and the ornate

apparatus of horny appendages with which it was chid above. These

last, as described above, and illustrated in Fig. 144, show that this little

animal was not a squalid, slimy dweller in mud, like Menohranchus

and its allies, but rather a beautiful and sprightly tenant of the

Coal formation thickets, vying in brilliancy, and perhaps in colouring,

with the insects which it pursued and devoured. Remains of as many
as eight or ten individuals have been obtained from three erect

Sigillaricc, indicating that these creatures were quite abundant, as

well as active and terrestrial in their mode of life.

With respect to the affinities of this species, I think it is abundantly

manifest that it presents no close relationship with any reptile hitherto

discovered in the Carboniferous system, and that it presents characters

partly allying it to the newts and other batrachians, and partly to the

true reptiles. The structures of the skull, and of some points in the

vertebra;, certainly resemble those of batrachians ; but, on the other

hand, the well-developed ribs, evidently adapted to enlarge the chest

in respiration, the broad pelvis, and the cutaneous covering, arc unex-

ampled IK modern batrachians, and assimilate the creature to the true

I'.iin' . I have already, in my original description above quoted,

(ixprcsfced my belief that Hylunoraus may have had lacertian affinities,

biit I do not desire to speak positively in this matter ; and shall con-

teut myself with stating the following alternatives as to the probable

relations of these animals :

—

{l.) ''''. may liave been true reptiles of

K>v,' ly|)e, and with batrachian tendencies. (2.) They may have been

representatives of a new family of batrachians, exhibiting in .some

points lacertian affinires. (3.) They may have been the young of

some larger reptile, too large and vigorous to be entrapped in the pit-

falls presented by the loUow bigillaria stumps, and in its adult state

losing the batrachiau pei iiiai-iti'.": apparent in the young. "Whichever

of these views wo w-^y ndop^^, the fact remain.^, that in the structure

of this curioiv. little cro?.ture -.ve have peculiarities both batrachian

\ *v|

\ i

^^1

1*1

", vv.



i,;: i

f

11, !

i )i

i

j

376 THE CAlUiONIFEROUS SYSTEM.

and lacertian, in so far as our experience of modern animals is con-

cerned. It Avould, liowevcr, accord with observed facts in relation

to other groups of extinct animals, that the primitive batrachians of

the Coal period should embrace in their structures points in after times

restricted to the true reptiles. On the other hand, it would equally

accord with such facts that tlio first-born of lacertians should lean

toward a lower type, by which they may ha ve been preceded. My
present impression is, that they may constitute a separate family or

order, to which I would give the name of MicnosAUKiA, and which

may be regai'ded as allied, on the one hand, to certain of the humbler

lizards, as the Gecko or Agama, and, on the other, to the tailed

batrachians.

It is likely that Ilylonomus Lyelli was less aquatic in its habits

than Dendrerpeton. Its food consisted, aj" • ircntly, of insects and

similar creatures. Tlie teeth would ii "...if :. this, and near its bones

there arc portions of coprolite containing remains of insects and

myriapods. It probably occasionally fell a prej to Dendrerpeton, as

bones, which may have belonged either to young individuals of this

species or to its smaller congener JI. Wymani, are found in larger

coprolitcs, which may be referred with probability to Dendrerpeton

Acadianum.

Ilylonomus Aciedentatus, Dawson.

This species is founded on a single imperfect specimen obtained by

me at the Joggins in 1859, and described in the Journal of the Geo-

logical Society, vol. xvi. In size, //. aciedentatus was about twice

as large as the species last described. Its teeth are very i' rftvent in

form. Those on the maxillary and lower jaw are stouc ;.. : si "ic,

placed in a close and even scries on tlie inner side of a vittge or puto

of bone. Viewed from the side they are of a spatulxtvj or..
, and

present a somewhat broad edge at top, as in Fig. 146. Vi '^. >

-l in

the opposite direction, they arc seen to be very thick in a direction

transverse to that of the jaw, and are wedge-shaped. There are

about forty on each side of the mandible, and about thirty on each

maxillary.

Since the publication of my previous paper, I have ascertained

that the intermaxillary bones bore teeth of a peculiar form. They

are larger than the others, thick and coming to a blunt point, which

is seamed ivith longitudinal and slightly spiral ridges. This singular

tooth must have been a most efficient instrument (oi aru.^l.ing and

penetrating the coats of crustaceans and insects, or the bony ".rmour

of the smaller ganoid fishes. Remains exist at the extr^ulity of the

!«i
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lower jaw, which show that a few teetli there also were larger than

the Others, but whether they differed in form cannot be determined.

Tlie pulp cavity of the teeth is less extensive in proportion than in //.

Li/elli, and the structure in the cross section is simple, showing merely

radiating ivory tubes.

Fig. lio.—IIylonomus aciedenfatns, Dawson.

a

jmjmP!}Mfff^'cm

singular

.iiig and

(n) MaxiUary bono ; cnlnrgod.

(6) Mandible; enlarj!Pd.

(c) Tectb ; magnified, allowing fmnt and side

view of ordinary tooth and grooved

anterior tooth,

(d) Section of tooth; magnified.

(f) Scale ; natural size and magniried.

(/) Pelvic bone (?}; natural eize.

(7) I!ib; natural size.

(A) Scapular bone (?); natural alzo.

(1) Palate; natural size.

The remains of //. aoicdentatus are too scanty to warrant much

certain inference as to its form. Its vertebriw would seem to have

resembled those of H. Li/elli, but to have been elongated and more

thoroughly ossified. Its ribs are similar in form and proportion to

those of the last-named species. A pelvic bone and some detached

phalangial bones, as well as very fragmentary limb bones, would

indicate that its limbs were well developed. Its external scales arc

similar to tho.se of the last species, but larger, and a few fragments of

skin show scales and appendages similar to those of //. Li/elli, but of

greater dimensions. The microscopic structure of its bone is also

2 B
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in the lower jaw, and they arc alternately large and small, as if replaced

in this manner as worn out. Their structure is of the same simple

character as in the other species of If^loiiomiis, and they have large

pulp cavities.

The vertebra! of this species arc singular and characteristic. The
bodies are elongated and hour-glass shaped, with an internal cavity

of the same form filled with calc-spar, and probably once occupied by

cartilage. They have, in the dorsal region at least, strong articulating

and lateral processes, and Avere furnished with numerous delicate ribs.

In one of my specimens as many as thirty-eight of these little vertebras

may be seen lying together, and many of them attached to each other.

This would indicate that the body was long and slender. It was

furnished with limbs similar to those of //. Lyclli, but of course

smaller. The pelvis is of the same expanded form with that of the

last species, and a pair of fore-feet lying together on one slab show

the remains of four slender toes. The bones of the limbs arc very

delicate and thin-walled. The bony scales are oval, and similar to

those of the other species of the genus, but very small.

In length, Hylonomus Wymani could not have exceeded four or

five inches, including the tail. It may indeed be questioned whether

this little creature was not the young of one of the other species.

The form of the vertebras and teeth would, however, prevent us

from supposing that it stood in this relation to //. Lydli. To //.

aciedentatus it bears a stronger resemblance in these i-cspects, though

not sufficient to render specific identity pi'obable ; and the occurrence

of so many specimens of the smaller species, without any of inter-

mediate size, renders it likely that it did not attain to any greater

dimensions.

Hylonomus Wymani probably fed on insects and larva;, and searched

for these among the vegetable debris of the coal swamps, which would

aflford to a little creature like this abundant shelter. It occasionally

fell a prey to its larger reptilian contemporaries ; for quantities of its

tiny bones occur in coprolitic masses, probably attributable to Den-

drerpeton. It is interesting to find reptilian life represented at this

early period, not only by large and formidable species, but by diminu-

tive forms, comparable with the smallest lizards and newts of the

modem world. The fact is parallel with that of the occurrence of

several small mammalian species in the mesozoic beds. It will M
still more significant in this respect if the species of Hylonomus shoulu

be found to be truly laecrtian rather than batrachian.

i|i
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They have thicker and more obtusely terminated crowns ; they arc

close-set where the series is e(inii)lcte at the fore part of the jaw, and

their base appears to have been ancliylosed to shallow depressions on

the alveolar surface. The shape of what is jn-eserved of the npper

jaw affords the only evidence, and not very decisively, that the present

fossil is not part of a fish. It inclines the balance, however, to the

reptilian side ; and, accepting such indication of the class-relations of

the fossil, it must be referred to a genus of Rcpt'dia distinct from those

it is associated with in the Nova Scotian coal, and for which genus I

wonld suggest the term lli/lcrpeton.

"A small part of the external surface of the dentury bone shows a

longitudinally wrinkled and striate or fibrous character. The outer

bony wall, broken away from the hinder half of the dentary, shows a

large cavity, now occui)ied by a fine greyish matrix, with a smooth

surface, the bony wall of which cavicy has been thin and compact.

We have here the mark of incomplete ossification, like that in the

skeleton o{ Archegosaurus. The crushed fore part of the right dentary

bone, with remains of a few teeth, is below the left dentary, and ex-

emplifies a similar structure. The teeth slightly diminish, though

more in breadth than length, towards the fore part of the series : here

there are nine teeth in an alveolar extent of ten millimetres, or nearly

five lines. The base of the teeth is longitudinally fissured, but the

fissures do not extend upon the exserted crown. Jn their general

characters, the teeth manifest at least as close a resemblance to those

of Ganocephala as of Lacertia or any higher group of Reptilia ; whilst

their mode of implantation, with the structure and sculpturing of the

bone, weigh in favour of its relations to the lower and earlier order

of the cold-blooded Vertebrates."

I can add to the above description only a few facts obtained from

careful examination of other fragments imbedded in the matrix. One

of these is a portion of a maxillary bone. It has teeth similar to those

of the lower jaw in form, but the last but one is twice the size of the

others, and seems to have been implanted in a deep socket. All of

the teeth have large pulp cavities, and the inner surface of the ivory

is marked with slight furrows which are represented by ridges on the

outer surfiice of the stony matter filling the pulp cavities. The ivory

of the teeth, however, which is very much coarser than that of the

species of Ilylonomiis, presents in the cross section a simple structure

of radiating tubes. The surface of the cranial bones, of which some

fragments remain, is marked in the same striate manner alluded to

above by Professor Owen. The microscopic structure of the bone is

much coarser than that of Hylonomus or Dendrerpeton, the cells being

i 1mi
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a reptile of greater size thiui any hitlicrto discovered in the coal,

probably of aquatic habits, and possibly allied to the great Enalidsanrs

or sea-lizards of the niesozoic rocks. The spcciuien was found in a

bed of shale belonging to Group XXVI. of my Joggins section, in the

upper part of the Middle Coal measures, and about 800 feet above the

bed which has afforded the remains described in previous sections.

The beds belong to one of those intervals of shallow water deposition

of sediment which separate the groups of coal beds ; and on one of

them I found some years ago tlie footprints of Demh'crpeton.

The vertebric of Eosaurus have been fully and ably described by

Mr Marsh in Silliinan's Journal. Agassiz and Wynum regard their

affinities as enaliosaurian. Huxley suggests the possibility, founded

on his recent discovery of Anthracosuurus Russdli, that there may
have been Labjrinthodont Batrachians in the Coal period with such

vertebrte. However this may be, if the vertebraj were caudal, as sup-

posed by Mr Marsh, since they are about 2^ inches in diameter, they

would indicate a gigantic aquatic reptile, furnished with a powerful

swimming tail, and no doubt with apparatus for the capture and

destruction of its prey, comparable with that of Ichthyosaurus.

Pupa Vetusia, Dawson.

This, the first known representative of pahcozoic land snails, so

closely resembles the modern " chrysalis shells " of the genus Pupa,

that I have not thought it desirable to refer it to a different genus,

though the name Dendropupa has been ])roposed by Prof. Owen.

Mr J. S. Jeffreys, and other eminent conchologists who have seen the

shell, concur in the opinion that it is a true Fupa ; so that this genus,

and that mentioned in the next section, like Lingula and Nautilus,

extend from the paheozoic period to modern times.

It may be described as a cylindrical shell, tapering to the apex, with

a shining surface, marked with longitudinal rounded ridges. The

whorls arc eight or nine, rounded, and the width of each Avhorl is

about half the diameter of the shell. The aperture is rather longer

than broad; but is usually somewhat distorted by pressure. The

margin of the lip is somewhat regularly rounded, and is reflected out-

ward. There are no teeth, but a slight indication of a ridge or ridges

on the pillar lip, which may, however, be accidental. Length S-lOths

of an inch, or a little more. It was first recognised by Dr Gould of

Boston, in specimens obtained by Sir C. LycU and the writer in 1851,

in an erect Sigillaria, containing bones of reptiles, at the Joggins.

This little shell is remarkable, not merely for its great antiquity, but

also because it is separated by so wide an interval of time from

. !l
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Other known species of its race, there beiiif,', witli the exception of tiie

next species, no other I'lihiioiiato known until we reach the Piubcck

beds, and no other true land snail until wc reach the Tertiary.

Fig. 14'J.

—

I'uim i'liiistd, DaHsoii.

(a) Niiturnl size. (h) Kuliir(,'(Hl. (c) Apex enlnrgcil. ((/) Sculpture; magnlfipd.

In the section of the South Joggins I have noticed the occurrence

of Pupa Vetusta in another bed 1217 feet below that above mentioned.

It belongs to group 8 of the section, and is between coals 37 and 38

of Logan's sectional list. It is a layer of gray indurated clay, with a

slightly nodular structure, and in some places becoming black and

carbonaceous, and containing leaflets of ferns, Ti'igonocarpa, etc. The

shells occur very abundantly in a thickness of about two inches. They

have been imbedded entire ; but most of them have been crushed and

flattened by pressure. They occur in all stages of growth ; the young

being, as is always the case in such shells, very different in general

form from the adults. This bed is evidently a layer of mud deposited

in a pond or creek, or at the mouth of a small stream in shallow water.

In modern swamps multitudes of shells occur in such places ; and it

is remarkable that in this case l.ind shells should alone be found,

without any trace of aquatic molluscs. The shells which occur in

this bed are filled with the surrounding sediment. Those which occur

in the erect Sigillaricc, on the other hand, except when they are

crushed and flattened, are filled with a deposit of brown calc-spai". I

infer from this that the latter, when buried, contained the animals, and

consequently that these lived or sheltered themselves in the hollow

trees, as is the habit of many modern land snails.

1;;:,
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Zoniles [Conidiis) priscits, Carpenter.

In tlio siunnior nf 18()G I inndo somo excavations in tlie IhmI above

nu'iitioncd, and disintci'red great mindicrs of liie sliolls nt' tlie Pujta,

My object was tu find otiier remains if possible; and 1 was rewarded

witli the discovery of anotlier little land shell, wliieli my friend Dr

I'. 1'. Carpenter has described under the above name (Fig. l-W).* it

Fig. I'lO.— ('oii)iliis iiri'<('Hs, Carpenter.

(n) Specimen; enlarged 12 diameters. (J) Sculpture; niaKulfled.

i.s quite difTercnt from the Pupa, being snail-like in form, with a wide

aperture and a very thin shell, sculptured on the surface in a diffia-eiit

way. The sub-genus Cunidns is a subdivision of the old genus Helix,

and is a group of modern snails, sometimes included in the genus

Zonites. I may add that in the collections made in 18GG there are

fragments which may indicate the existence of at least one other land

snail, but not sufficient for descrii)tion.

Xijlobius Siffillarkc, Dawson.

Fig. 1.51.—Xijlvhina Sirjitlana; Vawnon.

(a) Natural size. (6) Anterior portion ; enlarged. (c) Posterior portion; enlarged.

I proposed, in 1859, the above name for an articulated worm-like

animal, of Avliich numerous flattened specimens were found associated

' Journal of Geological Society, Nov. 1867.
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with tlio J'lijxt rrtiixla. I was at i'wat disposed to regard it as tin;

Inrva of a coleopterous insect; but a careful inieroscopic examination

of the specimens convinced mc that it is a ehiloj^'uatlious Myriapod,

allied to /iilu.i. It may 1»(! deserihed as follows (I'i;,'. l<')\):—
IJody erustueeous, elongate, articulate ; v' recent, cylindrical, or

nearly so, ndling spirally. Tect small, ii us; segments 30 or

more; anterior segments smooth, posterior with transverse wrinkles,

giving a furrowed appearance. In some s])ecimens truces of a scries of

lateral pores or stigmata. Labruni (?) quadrilateral, ilivided hy notches

or joints into three portions. Mandibles two-jointed, last joint ovate

and pointed. I'.yes, ten or more on caili side.

This animal, the oldest gally-worm known at the time of its dis-

covery, must, like its modem congeners, have haunted the deca} ing

truidis of swamps, and thus became entombed in the hollow Siijillaria

in which it was found. Hince its discovery, aninuds of similar type

liave been recognised in the Coal formations both of Cheat liritain and

of the United (States.

Hajihtplilehlum fiarnfsti, Scuddcr.

The existence of insects in the Carbonifer'^ >eriod has long been

known. The Coal formations of England a Westphalia atVorded

the earliest specimens ; and, more recently, some interesting species

have been found in the Western States.* They belong to the order

of the Neuroptern (shad-flies, etc.), the Orthuptera (grasshoppers,

crickets, etc.), and CulmjiUira (beetles, etc.)

In the Coal-field of Nova Scotia, notwith-standing its great richness

in fossil renuuus of jdants, insects had not occurred up to last year,

except in a single instance—the head and .some other fragments of a

large insect, probably ueuropterous, found by me in the coprolite or

fossil excrement of a reptile enclosed in the trunk of an erect Siffillaria

at the Joggins, along with other animal remains. This specimen was

interesting chiefly as proving that the .small reptiles of the Coal period

were insectivorous, and it was noticed in this connexion in my "Air-

breathers of the Coal period." Last year, however, Mr James Barnes,

of Halifax, was so fortunate as to find the beautiful wing represented

in Fig 152, in a bed of shale at Little Glace 13ay, Cape Breton. The
engraving is taken from a photograph kindly sent to me by Rev. D.

lloncyman, F.G.S. It will be observed that, in consequence probably

of the mutual attraction of loose objects floating about in water, a

fragment of a frond of a fern, Alethopteris lonchifica, lies partly over

the wing, obscuring its outline, but bearing testimony to its carbou-

* See Lyeir.s " Klements," ami Dana's " Manual" for references.

! V M
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ilcroiiH (Into, The wing liiiH bi-en exiiiiiiiu'd liy Mr S. IF. Sciiddor, of

liostoii, wliu lias inadc siiidi six't-'iiiiuns his spfciid study, and wIk. ivt'ers

it to tlui gnuip of K|)li('iiieriiia (day-tlifs, shad-tiics) among tliii Neiir-

optcra, and has naniL'd it Jlaplop/ili'ljiuin licirncnii. It must have hi'cn

a very hirgc insert—seven inelics in cxininso of wing— and tiu'rcforti

mudi exceeding any living sjieeies of its group. WIkmi >ve eonsider

that tho larviii of sueh creatures inlial)it the water, and di light in

muddy bottoms rich in vegetable matter, wc can easily understand

that the swani|is and creeks of carboniferous Acadia, w ith its proliably

mild and equable climate, must have, been especially favourable to

such creatures, and wc can iimigine the larvie of these giguntie (]'hc-

meras swarming In the deep black mud of the ponds in these swamp.s,

and furnishing a great part of the food of the lishes iidialiiting them,

while the perfect insects emerging from the w uters tu enjoy their brief

span of aerial life, would flit in millions over the quiet waters and

through the dense thickets of the coal swamps.

Fig. 152.

—

//"iiloiihkbiuiH Utinienii, ScuiliItT.

(i() Pi'cifili' of Ijiise of wiiijj.

Mr Seudder describes the species as follows:

—

" This is probably one of the Ephemcrina, though it difTers very much

from any with which I am acquainted. The ncuration is exceedingly

simple, and the intercostal spaces appear to be completely filled with

miiuitc reticulations without any cross-veins. The narrowness of the

wing Is very peculiar for an Ephcineron. The form of the Aving and

its reticulation I'cmind mc of the Odunata, but the mode of venation Is

very diiferent
;
yet there is ajiparently a cross-vein between the first

and second veins in the photograph (not rendered in the cut) which.

II
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extending down to the third vein, occurs just where tlie " nodus " is

found in Odonata, and if present would unquestionably remove this

insect to a new synthetic family between Odonata and Ephemerina.

I cannot judge satisfactorily whether it is an upper or an under wing.

The insect measured fully seven inches in expanse of wings—much

larger than any living species of Ephemerina.

Archimidacri's Acadicits.

The new genus and species above named (Fig. 153), have been

founded by Mr Scudder on a beautiful little wing discovered by Mr
Barnes at the East River of Pictou, in shale overlying the main seam

Fig. 153.

—

Archimulacris Acadicus,

I
Mill

I 11

of coal. The specimen Is imperfect, being cut off by a leaf of Cordaites

lying across it ; but the venation of the part remaining is in very

good preservation. Mr Scudder remas'ks upon it as follows :

—

" The only fossil cockroach yet described from America is that

found by Lesquereux in the Carboniferous beds of Arkansas, and

called Blattina venusta. The wing discovered by Mr Barnes at Pictou

differs from it in the curve of the costal border (affecting the direction

of nearly every vein in the wing), as well as in the extent and direction

of the bran dies of the mediastinal vein, and in the distribution of the

veinlets in the anal area. Nor does this wing agree in character with

those of other fossil cockroaches ; it is allied to some which Dr Giebel,

in his generic division of the fossil IJlattarice, referred to the genus

Blattina. AVitli two exceptions, he had placed all the Carboniferous

cockroaches in the same group. This species, forming the type of a

new genus, may be called Archimulacris Acadicus. The generic term

is derived from the Greek name of a cockroach."

il

In the Journal of the Geological Society, 1861, I described as

follows some very remarkable impressions found on the surface of a

rain-marked sandstone at the .Joggins, containing also reptilian fcot-

prnits :
—" They consist of rows of transverse depressions, about an

inch in length and one- fourth of an inch in breadth. Eacli trail con-

sists of two of these rows running parallel to each other, and about
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six inches apart. Tiicir direction curves abruptly, and tliey sometimes

cross each other. From their position tliey were probably produced

by a land or IVesli-watcr aninnxl—possibly a large Crustacean or

or gigantic Annelide or Myriapod. In size and general appearance

they slightly resemble the curious Climactichnitcs of Sir W. E. Logan,

from the Potsdam sandstone of Canada." To this I may add that

the space between the rows of marks is slightly depressed and

smoothed, as if with a heavy body like that of a serpent trailed

along. 'J'he recent remarkable discovery in the Coal-field of Kil-

kenny, Ireland, of the large scrpeiitiforui Batraehian, described by

Huxley under the name Ophiderjjeton, leads to the supposition that

these trails may indicate the existence of a similar creature in Nova

ycotla.

The contents of this chapter may be summed up in the statement,

that the Coal formation of Nova Scotia has afforded of terrestrial

Vertebrates no less than eigl.'t species of reptiles, some of !.hem

probably of higher type than the IJatrachians ; of land Mollusks the

only two species known in the Palaeozoic I'ock:' ; of land Articulates

one millipede and two insects. "While the reptiles differ much
from existing types, and belong to families which have long ago

passed away, the mollusks and articulates arc renuirkably like

the creatures of their rank found in similar places at the present

time, belonging in two instances even to the same genex'ic groups.

i'f

Note.
—

"While this chapter is passing through the press, I am
informed by Mr Scudder, to whom I have submitted the numerous

fragments of Myriapods in my collection from the Joggins, that he

thinks he can recognise three additional species of Xjjlobius and a new

generic form [Archhdus). I hope to give descriptions of these in

the Appendix.

ur
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CHAPTER XIX.

THE CARBONIFEROUS iiYSTE},l— Continued.

CAKBON'IFEUOUS DISTRICT 0> .IIMOND AND SOUTHF-HN INVEKNESS

USEFUL MINERALS DISTRl. OF NORTHERN INVERNESS AND VICTORIA

USEFUL MINERALS DISTRICT OF CAPE BRETON COUNTY USEFUL

MINERALS.

' r-

Carboniferous District of Richmond and Southern Inverness.

This district is separated from those of Sydney and Guysboro' mly

by the Strait of Canseau, a narrow transverse valley excavated oy the

currents of the drift period. The Lower Carboniferous conglomerates

and limestones arc seen on both sides of the strait, and the lowest

members of the system are seen at Plaister Cove and its vicinity, and

are succeeded to the southwr.'d and eastward by the Coal formation.

As this district presents some curious and interesting features, I shall

notice some parts of it in detail.

The coast section in the vicinity of Plaister Cove is remarkable for

the highly perfect manner in which it displays the gypsifcrous rocks,

and the information which it consequently affords as to their structure

and origin.

The following summary of the beds seen in this section is from a

paper contributed by the writer to the Geological Society in 1849

(see Fig. 154) :

—

" (1.) At IVl'Millan's Point, about three-quarters of a mile north of

the Cove, arc thick beds of gray conglomerate, in a vertical position.

These beds form the base of tlie Carboniferous system in this district

;

and, at a short distance inland, they have been invaded by trap and

other igneous rocks, belonging to a great line of igneous disturbance

extending to the north-eastward. The conglomerates near M'Millan's

Point have been thrown up along an anticlinal line connecting the

igneous range last mentioned with that of Cape Porcupine, on whose

flanks the same conglomerates appear. The valley now occupied by

the strait is in great part due to the want of continuity of the igneous

masses at this point, though the distribution of the surface detritus
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shows that it has beon subsequently deepened by dihivial waves or

currents from the northward.

I
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" (2.) Between M'Millan's Point and Plaistcr Cove the shore is

occupied by black and gray shales and very hard sandstones in fre-

quent alternations. The sandstones have been much altered by heat,

and are traversed by veins of white carbonate of lime, sometimes

mixed with sulphate of barytes. At the point immediately north of

Plaister Cove these beds dip at a high angle to the south-eastward.

" (3.) Overlying the.se beds is a bed of limestone about thirty feet

in thickness; it is of a dark colour, laminated and subcry.stalline ; its

laminsc are in some parts corrugated and .slightly attached to each

other, and in other places flat and firmly coherent ; it is traversed by

numerous strings of white calcareous spar, containing a little carbonate

of iron and small crystals of blue f1uoi--spar, a mineral rare in Nova

Scotia, and which I have found only in the Lower Carboniferous

limestones. The limestone supports a few laycr.s of greenish marl

?.'
> vHI
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DISTUICT OF lUCIIMOND. ms

shaped holes named "plaster pits," sections of whirli are exposed in

the cliff; they penetrate both the anhydrite and common gypsum,

though they are contracted where they pass through harder portions

of the rock, find especially the veins of compact gypsum, some of

which are oidy slightly inclined, and look at first sight like layers of

deposition. The pits of which I saw sections have evidently resulted

from the percolation of water through the more open parts of vertical

)\)ints, and they were cut off where they were intersected by another

slightly inclined set of open fissures, which afforded a passage to the

water. The accompanying sketch (Fig. 155) shows one of these

pits and its relations to the joints and stratification of the gypsum.

Fig. 155.—riaater Pita.

(«) Gypsum vein. (fc) Open joint. (c) Bedding of tlic gypsum.

" (6.) Above the gypsum are a few layers of limestone, portions of

which appear near the base of the cliff: one of them is studded with

tarnished crystals of iron pyrites; another is a singular mixture of

gray limestone and reddish granular gypsum. The portions of lime-

stone contained in this rock do not appear to be fragments or pebbles,

and they arc penetrated by plates of selenitic gypsum. They may
be parts of a bed of limestone broken up and mixed with gypsum

when in a soft state, or the limestone and gypsum may have been

deposited simidtaneously and separated by molecular attraction. A
rock of this kind is not rare as an accompaniment of gypsum, and it

may be merely a result of the mixture of the soft surface of the gypsum

with the mechanical detritus first deposited on it.

" (7.) On the opposite side of the creek, which makes a small break

in the section, is a thick bed of marl, whose dip appears to be the

same with that of the gypsum. In general character it resembles the

So
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marl uiuleilyiiig tlio gypsum. In some parts it is greenish and homo-

geneous in texture ; in other parts it is brecciated, and some layers

have a brownish colour and slialy texture. In some parts it is highly

gypseous and contains layers of granular gypsum, one of which is

black, its colour being due to a small proportion of coaly or bituminous

matter.

"(8.) Beyond the marl the shore is occupied for a short space by

boulder clay. Beyond this it shows a great thickness of dark shales

with calcareous bands, containing a few small shells belonging to the

curious little crustacean, Lcaia Leydii, represented in Fig. 78 e above.

They dip to the E.S.E. at a high angle, and overlie the gypsum.

Tliey are succeeded by a thick band of very hard gray and brownish

sandstones and shales, containing a few fragments of plants stained

with carbonate of copper. These are again overlaid by dark shales,

and these by an enormous thickness of gray and brown sandstone

and shale. Some of tlic shales in this part of the section have assumed

a kind of slaty or rather pi'ismatic structure."

I beg the reader to observe, in the above section, the contrast

betAveen the hardened sandstones and shales and the soft marls and

gypsum, a contrast equally marked in other parts of the Carboniferous

districts, and often producing, by the removal of the softer beds, that

isolated position of the gypsum masses which is frequently so per-

plexing. It is also important to observe, that this great mass of

gypsum is a regular bed, intei'stratified with the others, and belonging

to the series of processes by which the whole were formed. I have

already, in noticing the gypsum of Windsor, referred to its probable

origin, and may now apply the same method of explanation to that

of Plaister Cove. On this view, then, the history of this deposit will

be as follows :

—

First, The accumulation of a vast number of very thin layers of

limestone, either so rapidly or at so great a depth that organic remains

were not included in any except the latest layers. Secondly, The

introduction of sulphuric acid, either in aqueous solution or in the

form of vapour ; the acid being a product of the volcanic action whose

evidences remain in the neighbouring hills. At first the quantity of

acid was too small, or the breadth of sea through which it was diflfused

too great, to prevent the deposition of much carbonate of lime along

with the gypsum produced; and its introduction was accompanied

by the accumulation on the sea-bottom of a greater quantity of me-

chanical detritus than formerly : hence the first consequence of the

change was the deposition of gypseous marl. At this stage organic

matter was present, either in the sea or the detritus deposited, iu
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sufficient quantity to decompose part of the sulphate of lime, and

produce sulphurct of iron ; and also to afford the colouring matter of

the nodules of black limestone found in the marl. Thirdly, The pre-

valence for a considerable period of acid waters, combining with nearly

all the calcareous matter presented to them, and without interruption

from mechanical detritus. The anhydrite must have been deposited

with the common gypsum ; but, under the circumstances, it seems

difficult to account for its production, unless it may have been fonned

by acid vapours, and subsequently scattered over the bed of the sea.

Fourthly, A return to the deposition of marl, under circumstances

very similar to those which previously prevailed ; and, lastly, The
restoration of the ordinary arenaceous and argillaceous depositions of

the Carboniferous seas.

Of the gypsum veins found in the marls, those which arc white

and fibrous may have been nearly contemporaneous in their origin

with the marl itself; those which a:o red and lamellar have been

subsequently introduced. The granular gypsum is in all cases a part

of the original deposit. The comparatively small quantity of red oxide

of iron in these marls and other associated be Is is the most important

feature of difference between the deposit of Plaister Cove and those

of most other parts of this province. There is, however, a large

quantity of reddish and brown sandstone in the beds overlying the

gypsum, though on the whole these colours are less prevalent than in

the Carboniferous system of Nova Scotia propei".

The rocks seen at Plaister Cove and its vicinity appear to be over-

laid in ascending order by a great thickness of black shales, which,

near Ship Harbour, contain shells of Naiadites. These shales are suc-

ceeded by true Coal measures, which, at Little River and at Carribou

Cove, contain seams of coal and a variety of characteristic fossil plants.

One remarkable peculiarity of these Coal measures is, that they have

been folded up by lateral pressure, so that they are often vertical, and

that the limestones with marine shells and the gypsum, are often

brought into immediate contact with masses of these disturbed Coal

measures. Coal measure beds in a less disturbed condition extend

up the River Inhabitants nearly to its sources, and occupy the

country between that river and the southern part of the Bras d'Or

Lake. The Lower Carboniferous limestone appears on the north-west

arm of River Inhabitants, at West Bay, at Lennox Passage, on Isle

Madame, and at St Peter's. At Lennox Passage it is associated with

a great bed of excellent gypsum, and contains an abundance of fossil

shells. At St Peter's it is non-fossiliferous, and rests against syenite

and metamorphic slates, forming the western margin of a large tract

M
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of metamorphic country, along the edge of which it extends, with

some conglomerate and sandstone, in a very narrow belt, skirting the

whole eastern side of the IJras d'Or Lake, and connecting this district

with that of the county of Capo Breton.

Useful Minerals of the District of Richmond^ etc.

Coal appears at various places in this district, and at the time when
my first edition was printed, it was the only place in which any explor-

ation had been made by the Government. In consequence of a petition

from the inhabitants, the Legislature voted a small sum for a recon-

naissance of this district. I had the honour to be employed in this

work, and this was the only geological work for which I ever received

any payment from the Government of Nova Scotia. I mention this

circumstance, because it accounts for the fact that so much space is

given to this coal-field in my first edition, while the far more important

mines of Cape Breton County, which I had not the same opportunity

to examine, arc treated of moi'e slightly.

Coal.—The bed at Carribou Cove, or Sea Coal Bay, has attracted

some attention, owing to its appearance in the coast section in a very

accessible situation. It is a seam of mixed coal and bituminous shale

eleven feet eight inches in thickness, in a vertical position, or rather

thrown over on its face ; its dip being W. 57° S., at an angle of 80°,

and the bed which was originally its underclay being its roof. The
coal from the outcrop of this bed is of a soft and crumblin/j- quality,

and filled with layers of shale.

A specimen of the best coal, selected from different parts of the

bed, gave, on analysis,

—

Volatile matter
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The

supply fuel of an inferior description for use in the neighbouring

country. In the deeper parts of the bed, the coal is probably harder

and of much better appearance than at the outcrop, but in its mixture

with shale and high percentage of ash no material i.nprovcment can

bo expected. It will also be found to contain a large proportion of

the bi-sulphuret of iron, much of which has been removed from the

outcrop by weathering.

The other strata seen in the vicinity of the coal are gray shales

and hard sandstones, with a smiiU seam of bituminous shale. No
other bed of coal appears in the vicinity, though, as the coast section

for about half a mile on either side shows little except bi)ulder-clay,

it cannot be affirmed that others are not present. If other beds occur,

they can be found only by expensive works of discovery, unless acci-

dentally uncovered l)y excavations made for otlier purposes. Since

the above descriptiou was written, these beds have been farther ex-

plored, and a bed of coal four feet thick is stated to have been found,

but the working of this bed has not been prosecuted.*

Coal also appears at Little River, a small stream emptying a little

to the eastward of Carribou Cove. At the moutli of this stream tlicro

is a bed of gypsum. The coal occurs two and a half miles inland.

Here, as at Carribou Cove, the measures ai"e vertical, the strike or

direction of the beds being N. 40° W. Two beds are seen at this place,

one four feet in thickness, the other ten inches tliick. They are sepa-

rated by five feet of shale. Above the place whore they cross the river

I observed in the bed of the stream fragments of coal and bituminous

shale, which have probably been washed from the outcrop of a third bed.

The coal of the principal bed is hard, and very little injured by

exposure. Its fracture is uneven and crystalline, with glistening

surfaces ; and its texture is very uniform, the lamina*'on or " reed "

being rather indistinct, and almost free from dull coal or mineral

charcoal. Its specific gravity is 1'38. When burned in a stove or

grate, it ignites readily, fuses, swells, and cakes, giving a strong flame

and a lasting fire. It leaves a rather large quantity of brownish ash.

In a smith's forge it works well, its behaviour being similar to that

of Pictou coal. On analysis, it is found to contain,

—

Volatile matter

Fixed carbon .

Ash

30-25

56-40

13-35

100-

i}

1

1;
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* Rutherford'a Report.
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discovered. The mine is worked on tlie long-wiill system, somcwhnt

in the manner of a mineral vein. A railway has been formed to the

shore; and in 18G6, 1016 tons of coal were extracted.

Coal also appears at the basin of Inhabitants, and in two places on

the river of the same name ; but I am not aware whether it is of any

practical importance. I would suggest, however, to explorers the

valley of the River Inhabitants as a promising field of investigation.

The only other useful minerals found in the district are limestone

and gypsum. The most accessible deposit of the former is that of

Plaister Cove, which is large and of fair quality. Large beds of good

limestone also occur at Little lliver and the north-west arm of Itiver

Lduibitants. The bed of gypsum from which Plaister Cove derives

its name is of enomious thickness, and contains some good gypsum,

though about two-thirds of its thickness consist of anhydrous gypsum

or "hard plaster." The bed which occurs near Carribou Cove is of

good quality ; but where it appears on the shore it is deeply covered

with boulder-clay. A little farther inland, however, it is nearer the

surface. The marls associated with these beds, as they contain large

quantities of carbonate and sulphate of lime in a finely divided state,

might be usefully applied as a dressing to land.

Gypsum has been exported from the bed already mentioned at

Little River, and to a considerable extent from Lennox Passage, where,

as well as at Arichat and St Peter's, there is good limestone.

Carboniferous District of Northern Livmiess and Victoria.

In following the coast sections to the northward and westward of

Plaister Cove, wc find the Carboniferous rocks reduced to a narrow

belt, by the projection of a mass of igneous and altered rocks toward

the coast. The conglomerate appears in several places, and also the

Lower Carboniferous limestone, which has been altered into a varie-

gated marble, capable of being applied to ornamental purposes. At

Long Point the metamorphic hills begin to recede from the coast, and

from Port Hood the Carboniferous rocks extend quite across the

island to St Ann's Harbour, and northward to Margarie, beyond which

place a narrow belt continues to line the coast as far as Chcticamp.

At Port Hood, the Coal measures appear with characters very similar

to those of the Joggins section. Their dip is W. 20°, in some places

varying to W. by N. 25° ; so that their strike nearly coincides with

that of the shore, and only a small thickness of beds can be seen in

the coast section. The beds seen consist of gray sandstones and gray

and brown shales, with black and calcareous shales, and thin seams of

coal. Calamites, Sternbergta, Stigmaria, and coniferous wood abound

;
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and, in a bod of sandHtono a llttlo to tlic nortlnvard ot' the village, niag-

nificont cxainplrs pf Sigillaria ntiini|)H, with tlieir roots and rootlets at-

tached, arc soon in sttii. The bods dipping seaward at a small angle, and

undergoing rapid waste, expose these stninps on a lntrizoiital surface,

and nut in a vertical clilTasat the Joggins; anil this affords great

facilities for studying the arrangement of their singular roots. Some

of the stumps are twi.> feet and a half in diameter, and may be seen to

give off their i)itted Stigmaria roots in four main divisions, exactly at

right angles to each other, each main root subdividing regularly into

two, four, and so on. They arc in the state of casts in hard calcareous

Bandstono, and they have grown on a soil consisting of loose sand,

now sandstone, and stiff clay, now represented by beds of shale. Some
of the layers of sandstone immediately under the roots arc distinctly

ripple-niarktd, and must, when the trees grew on them, have been

either very recently elevated from the sea-bed, or must have been

layers of blown sand. If it were not for the general uniform bedding

of the Coal formation sandstones embedding these plants, an observer

would bo strongly inclined to refer thom to the latter cause ; and I

think it by no means impossible that some of them may have had such

an origin, and may have been afterwards smoothed and levelled by

water, before the overlying bods were deposited on them.

More than one generation of these trees have grown on this spot,

for I observed one of the stony trees to bo penetrated by a cast of a

Stigmaria with rootlets attached, which passed quite through it. This

had manifestly belonged to a new generation of trees, growing above

the remains of others already in the state of casts in sand, but not

consolidated into stone.

One of the beds of shale in the vicinity of a small coal seam at this

place, contains abundance of Naiadites, Cythere, fish-scales and teeth,

and Coprolites, or the fossil excrement of fishes. A fragment of a large

Eurypterus, previously figured (Fig. 50) was also found here.

Four miles to the north-east of Port Hood, the Lower Carboniferous

limestone and gypsum apjicar; and this part of 'ho ovstein continues

to Mabou River, where it is very ex^ensi^ ly developed. The lime-

stone near this river has shells of ''
,. M'miretici'^ritus and abun-

dance of fragments of Encrinik one of the b* has an Oolitic

structure,—that is, it is made up mall round grains, precisely like

email shot cemented together, or iii. roc .f a fish. This peculiar

structure is supposed to have been produce i l^y the calcareous matter

collecting itself around minute grains of sand or other bodies, and t is

taking the form of little concretionary balls, which were finally ce-

mented into rock. It was at one time supposed to be confined to a
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pnrtlculnr part of flu- j^coloj^ical Horics, still imiiiod in Knglaml tlio

Oolitie foriiiatioii, Imt it lui.s l)ccii fouiul in rocks of very difTcrcnt agtiM.

ExaniploH of it occur in tlic liinostoiics of Winil,i<>r mi<l I'ictoii
; but

this of Mabou is much more perfect. Its little rouiuled grains are

nearly quite uniform in size, smooth and black, and cemented together

by gray calcareous matter.

Near the mouth of Maliou liivcr there is an enormous bed of gypsum,

which was being quarried when I last visited it ft)r the purpose of

making road-cmbankmcntH, this rock being the only available material

at hand. Enornious plaster-pits have been excavated in the outcrop

of this great gypseous mass. One of them forms a circular grassy

amphitheatre, capable of containing hundreds of persons, and 1 was

informed that there is a spring of water in its centre.

Immediately to the northward of Mabou Uiver the lower conghj-

mcrates crop out from under the limestones and gypsum, and rise on

the flanks of Capo Mabou, a lofty headland, the nucleus of which is

syenite, of greater antiquity than the Carbonifentus system, and which

is connected with an isolated chain of igneous and metaiiiorphic hills

extending for some distance to the northward.

At Margarie, the Coal formation again a})pear.s, with its character-

istic fossil plants ; but it occupies only a very limitiid area, and the

whole of the remainder of this district seems to consist of beds of tiio

Lower Carboniferous series. Mr Poole, of Glace IJay, informs me that

he has received from Margarie specimens of coal somewhat resembling

canncl, and affording 41'10 per cent, of volatile combustible matter;

but I have no information as to its quantity, or whether it was ob-

tained from the Coal formation or the Lower Carbonifcrons series.

The Coal formation rocks of Port Hood and Margarie are evidently

only the margin of a coal-field extending under the sea, and perhai)S

as far as its appearance above the sea-level is c(jncerned, in great part

swept away by the waves. This coast is now rapidly wasting, in eon-

Bcquence of its exposure to the prevailing westerly winds blowing

across the whole width of the Gulf of St Lawrence ; and its rivers

and harbours arc from this cause choked with shifting sands. Owing

to this waste of the coast, a sand-beach which connected Port Hood
Island with the mainland has been swept away, and a safe harbour

has thus been converted into an open roadstead, exposed to the nor-

therly winds and encumbered with shoals. This will prove a serious

drawback to any attempt to work the coal-beds of this locality.

The Lower Carboniferous limestone and gypsum appear at Cheti-

camp, in a number of places on Margarie River, and at Ain.slie Lake,

which is a fine sheet of water, more than ten miles in length, and the

j,^ S'-,Aii
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Brought forward, 684 ft.

Strong limestone 5

Mixed gray and brown slialca 12

Concretionary limestone ...... 4

Soft blue clay 3

Slaty limestone in layers, one to two inches thick . 47

Soft blue marl, with gypsum near the bottom . . 32

Gypsum 8

Soft green marl 3

Marl, with layers of limestone 28

Coarse limestone and shales 44

Crumbling porous limestone 50

Calcareous breccia, containing partially worn fragments of

red syenite 24

Limestone showing no lines of bedding

—

Terebratula sac-

culus, Productus cora, fragment of Avicula . . 60

Compact slaty limestone ...... 6

Soft brown shale 6

Brown and purple marls 40

ft.

1056 ft.

In this section the LoAver Carboniferous rocks are of much less ag-

gregate thickness than usual
;
yet they display the several dissimilar

members of the series pretty fully. The " millstone-grit " corresponds

with the deposit of the saino name overlying the Carboniferous lime-

stone of England. It also corresponds with the thick succession of

sandstones between Plaister Cove and Ship Harbour, with those over-

lying the gypsiferous rocks in PIctoi. county, with the sandstones of

the Eagle's Nest, on the Shubenacadie, and with the lower groups of

Mr Logan's Joggins section. The limestone, marls, and gypsum are

well developed, except that the latter is of smaller thickness than is

usual. The lower conglomerate is wanting ; but this is always an

irregular deposit, and it appears in its proper place in most other sec-

tions in this part of Cape Breton, as, for instance, at St Ann's Harbour,

where the gypsum also is very largely developed. This section, as

described by Mr Brown, did good service in confirming the new and

more accurate views of the structure of the Carboniferous rocks in this

province promulgated by Sir C. Lyell in 1842.

Useful Minerals of N. Inverness and Victoria.

Oypsum and limestone are very abundant in this district. The
former may be obtained in any quantity at Mabou, Margarie River,
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St Ann's, Big Harbour on the Great Bras d'Or, etc. The latter

abounds in the same localities, as well as in several others whero the

gypsum is absent. The altered limestone at Craignish and Long

Point would afford several pretty and unusual varieties of coloured

marble.

Coal occurs at Port Hood, and since the publication of the first

edition of this work, in which I directed attention to this coal-field

as one of promise, it has been reported upon by Professor C. II.

Hitchcock, and opened on a small scale. The principal bed is stated

by Rutherford to be about 6 feet in thickness, with 4 feet 2 inches to

4 feet 4^ inches of good coal. Other valuable beds are said to have

been found at jNIabou, Broad Cove, and Chimney Corner ; but they

have not yet been opened.

In Victoria county the only mine now worked is that of New Camp-

belltown, on the Great Bras d'Or. At this place the Coal measures

are stated to rest against the mass of syenitic or gneissose rock of

Cape Dauphin, and to be in part in a nearly vertical position. In the

principal workings of the mine two beds of coal have been opened up.

They are separated from each other by a thickness of 36 yards. Tlie

upper is 4 feet thick, the lower G feet. In another part of the area, a

bed 4 feet 5 inches thick has been found. Its identity Avith either of

the above mentioned has not yet been ascertained.*

The yield of the Port Hood Mine for 186G is stated to be 3824 tons,

that of the New Compbelltown Mine 3142 tons.

Freestone for building is obtained, of good quality, at Port Hood
Island and Margarie, and also at AVhykokomagh ; 1)ut it is not yet

worked on a large scale.

The soils of this district being based principally on the calcareous

rocks of the Lower Carboniferous series, arc in general of excellent

quality.

Carboniferous District of Cape Breton County,

This, though the last, is one of the principal Carboniferous districts

of the province, as it includes the important and productive Coal-fields

of Sydney, Lingan, Glace Bay, Cow Bay, and Mire, and excoed.s all

the others in its export of coal, while it scarcely yields to the Joggins

in its excellent exposures of the Coal formation rocks and fossils. As
we owe most that is known of this district to the labours of 11. Brown,

E.sq. of Sydney, I shall avail myself, in the fir.st instance, in describing

it, of the information contained in his papers ;-j- adding such other items

of informatio!! as I have collected in short visits to this interesting

* Kutlierford. f Sec List in Chapter f.

\W
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district, and the results of the important explorations for coal recently

carried on, nioi'c especially in its eastern part.

The island of Boulardaric, the whole of which I include in this dis-

trict, though politically a part of it belongs to Victoria county, consists

in its western part of the Lower Carboniferous limestone, and overlying

hard sandstones, having apparently an undulating arrangement, as

I'eprcsented by Mr Brown in his section of the island. The limestone,

as I have observed it on the north side of Boulardarle, is hard and

compact, and contains the Frodudus soniretlculatus. At the eastern

end of the island, the limestone and millstone-grit dip to the N.E. and

underlie the Coal measures which appear near Point Aconi. The Coal

measures, extending from Point Aconi to the outcrop of the millstonc-

grit, are stated by Mr Brown at 5400 feet in vertical thickness.

Crossing the Little Bras d'Or, the Coal measures continue with

north-easterly dip across the peninsula separating this strait from

Sydney Harbour, and thence with various fiiidts and disturbances to

Mire Bay. As the general dip is seaward, Mr Brown remarks, " this

great yea of Coal measures is probably the segment only of an

immense basin, extending toward the coast of Newfoundland ; a

supposition which is confirmed by the existence of Coal measures at

Neil's Harbour, 30 miles north of Cape Dauphin." Inland of this

broad band of Coal measures, the whole country northward of a line

drawn west from Mire Bay to the east arm of the Bras d'Or Lake,

is occupied by the older members of the series, with the exception

of a tract of syenitic, porphyritic, and altered rocks, which appears

at arid near George's River on the south-east side of Little Bras

d'Or. These igneous rocks have altered the Lower Carbonifei'ous

limestone, as well as perhaps some underlying beds of the same system,

showing that igneous action had not terminated in these ancient meta-

morphic districts at the commencement of the Carboniferous period

;

and this appears to have been the case along the boundary of the

mctaniorphic and igneous rocks in many parts of Cape Breton.

This extensive Carboniferous district is connected with that of Rich-

mond county on the south, by a very narrow stripe of limestone, red

conglomerate, and sandstone, skirting the base of the hills of porphyry,

syenite, and slate, rising steeply from the side of the JJras d'Or Lake,

which here is a broad and beautiful inland sea, presenting fine scenery

in almost every direction. The limestone and conglomerate may be

seen in several places to rest on the edges of the older slates, and in

some places, especially at Irish Cove, the fonnor rock is filled with

well-preserved fossil shells, including Immense quantities of the Conu-

laria, which in most other localities is rather rare ; as well as Produc-
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tus cora, I'erebratula saccuhts, t^irtfer glaber, and a species of Euom-
phalus. The limestone is sufficiently soft to allow fine specimens of

these shells to be detached by weathering.

The Coal measures are by far the most interesting part of this area,

and are well exposed on the north side of Sydney Harbour, and on the

south end of jioulardarie. Mr Brown has published an elaborate

section and description of them as they occur at the former place,

from which the following facts are gleaned :

—

" The productive Coal measures cover an area of 250 square miles

;

but, owing to several extensive dislocations, it is impossible to

ascertain their total thickness with any degree of accuracy ; from the

best information in my possession, I conclude that it exceeds 10,000

feet. We have one continuous section on the north shore of Boulardarie

Island, 5400 feet in thickness, and in the middle portion of the field

several detached sections, varying from 1 000 to 2000 feet in thickness,

Avhose exact I'clativc positions have not yet been determined ; although

it is quite clear that they are higher up in the formation than the

highest beds of the Boulardarie section."

Mr Brown then proceeds to describe the section on the north-west

side of Sydney Harbour, from Stubbard's Point to Cranberry Head, a

distance of 5000 yards, and exhibiting a vertical thickness of 1860

feet of beds. The dip is N. 60° E. 7°. Of these beds he gives a de-

tailed section, including 34 seams of coal, and 41 undcrclays with

Stigraaria or fossil soils. The whole of the beds composing the section

are summed up as follows :

—

\
:

I

Arenaceous and argillaceous shales

Underclays

Sandstones .

Coal

Bituminous shales

Carbonaceous shales

Limestones .

Conglomerate

Erect trees and calamites occur at eighteen distinct levels. The

greater number are Sigillariae, many of them with distinct Stigmaria

roots, and a few arc Lepidodendra. They occur in circumstances very

similar to those of the erect trees at the Joggins already described.

Mr Brown's various papers on these fossils gave to the geological

1127 ft



yRECT sigili.arlt: and stigmarian roots,

ri.u'. 1. SiijVhirin in silii, witli Ptii;:ni!\rin li^'its ami l!n"(lc'ts— Sydnoy,

., 2. Hoots of tlic sanu', lis soiii in a horizontal Si dii'ii—Sydney.

,. 3. Stump n( SiijiVnrin fii/ilneiisii, sliowiii;; tin; stem roniprcssccl into n ilomc — 1 TJlli

nat. size- Sydney.

„ 4. Stnnip of Sii/illarw, witli very rofrnlai' Stij;niarian Roots sprondliij; in Sandstone

— I'ort Mood.

I-'iffS. 1, 2, .'1, arc from pajiprs tiy Mr llrown, qnoti'il in tlio text. Seo also pp. ISO. iSi.
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world the first really satisfactory information* respecting the true

nature and mode of growth of Btigmaria ; and to these I may refer the

reader, more especially to that in volume fifth of the " (Jeological

Journal," page >'J55, from which I quote the following account of a fine

specimen of iSigillaria alternans with Stigmaria roots, regularly rami-

fying, and having attached to them conical tap roots, which penetrated

directly downwards into a thin bed of shale overlying the main coal.

This seam, like the main seam at the Joggins, has, when it was a bed

of soft peat, supported a forest of Sigillarijc and Lepidodendra, many
of which still remain erect in the overlying shale, with all their roots

and long spreading rootlets attached.

" Immediately over the coal there is a bed of hard shale, six inches

in depth, in which no fossils are found ; this is overlaid by a softer

shale abounding in coal-plants ; all the upright trees that 1 have ex-

amined are rooted in the six-inch shale ; the crown of the base of that

which I am now describing is just four inches above the coal; its

roots dip gradually downwards until they come in contact with the

coal, at about eighteen inches from the centre of the tree, and then

spread out over its surface. When this fossil was brought out of the

mine the under side was covered up with hard siialc, to which about

one inch of coal adhered ; in cutting away this layer of coal, I met

with the termination of a perpendicular root immediately in contact

with the coal, which I carefully developed
;
proceeding in this manner,

my patience was amply rewarded by the discovery of a complete set

of conical tap roots. The horizontal roots branch off in a remarkably

regular manner, the base being first divided into four equal parts by

deep channels running from near the centre ; an inch or two farther

on, each of these quarters is divided into two roots, which, as they

recede from the centre, bifurcate twice within a distance of eighteen

inclies from the centre of the stump.

" There arc four large tap roots in each quarter of the stump, and,

about five inches beyond these, a set of smaller tap roots, striking

perpendicularly downwards from the horizontal roots, making forty-

eight in all : namely, sixteen in the inner, and thirty-two in tiie outer

set; and what is a still more rcmai'kable feature in this singular

fossil, there are exactly thirty-two double rows of leaf-scars on the

circumference of the trunk. This curious correspondence in the

numbers of the roots and vertical rows of leaf-scars, surely cannot

be accidental. I am not aware that any similar correspondence has

* Mr Binney Mn claim priority in date of publication ; but bis specimens were much
less perfect in details of structure, and therefore less satisfactory than those described

by Air Brown.

Ji'^'^^i^
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the leaves and other more delicate parts of plants ; and on this acponnt

I give here sketches of a few examples of the foliaj,'c of the Coal forma-

tion period, as displayed in the rocks of Nova Scotia and Cape llreton

(Fig. 156). On the mode of occurrence of such leaves, Mr IJrown

remarks :

—

" The shales are the most prolific in plants, especially those -which

form the roofs of the coal-seams. It is singular that not even a trace

Fig. 156.

—

FoUafjefrom the Coal fonmition.

a b c d e f g.

(a.) Alctlinpti'ris lictnrophylla (foni)—Moose River, (l) SplionophyUimi Sclilotlieiiiiii—Pictou

(c) Lcpidodundroii biiUTve— Sydney. (J) Asteropliyllitc.-i foliosa— Sydney, (c) Cordnites

boi'ttssifolia—Jo^,'^,'ina. (/) Neuropteriu rarinervis (fernj-Sydni^y. (g) Odontopteris snb-

cuneata (fern)—Sydney.

of a fossil plant nor any organic substance has been found in any of

the red shales, although they have been carefully examined for that

purpo.sc.* Wherever erect trees occur, ferns, Asterophyllitcs, Spheiio-

phylla, and other delicate leaves, arc found in the greatest abundance

;

from which I infer that they fell fnmi growing trees and shrubs,

having been covered up by successive layers of fine; mud, deposited

at frequent intervals over a low marshy district. In these hiealitic,'?

single fronds of 1 us are sometimes found covering a slab of shale

two feet square, as sharp and distinct in their outline as if they had

been gathered only yesterday from a recent fern, and spread out Avith

the greatest possible care, not a single leaflet being wanting or even

* This does not apply to the Coal formation of Pictou, where ferns, Cordaites, and

Sphenophyllum are found in red shales, though rarely.
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do»il)lc{] up. Somo beds alno sccin to contain ono spccios of plsxnt

only, all otlicrs being oxcludi-'d ; of this we liiivc a striking cxiuii|ile

in tiie argillaceous slialo (No. 00): in tlie top of this beil, through a

thicktu'.ss of three inelu'S, we liiid Asterophyllite.s fulio.sa, ])iled up

layer above layer, from the base of the eliff to the crop of the bed

—

a distance of 200 feet—clearly proving that those plants grew on the

spot." This description niny give the reader some idea of the abun-

dance and perfection of the fossil vegetation preserved in tlie Sydney

Coal measures. As already stated also, a bed of sbale in the Sydney

section has affinded the finest example yet known of carboniferous rain-

marks. These occur in a bed at the top of one of those bands in whicli

the sandstones are rippled and fossils rare. At some distance below it

there are mussel shales, and ten feet above a stigmaria undcrelay and

coal. These marks then were preserved iii beds formed during the

transition from aquatic to terrestrial conilitions, by the silting up of a

lagoon or creek, and most probably on a bed daily left dry at low tide.

In a previous chapter mention was made of the curious footprints

called Itusichnites, as occurring in the Ijowcr Carboniferous. In the

Cape IJrcton Coal-field an interesting species occurs in the Coal meas-

ures (Fig. 157). The specimen from which the figure was taken

was kindly presented to me by R. Brown, Esq.

Fig. li)7. —Hitslchnitca Ac<iJicii.t—ihn\::on

Each impression consists of the casts of contiguous rounded furrows,

each about one-eighth of an inch in breadth, and crossed by curved

.r
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undulations nnd striir, in such a manner as to give the appearance of

a pinnate leaf carved in high relief. At each side i)f these imprcrfsions,

and about a tenth of an inch distant from them, are internipted lines,

in relief in the casts, and running parallel with the casts of the furrows.

The whole has exactly the appearance of the track of the swimming
feet and edges of the carapace of a small IJiintlus, or King-crab.

The tracks have also the same tortuous character with those of

the modern Limulus. Liinuli have not yet occurred in the Coal

fomiation of Nova Scotia, though they occur in rocks of this age else-

where; but from these tracks I infer that animals of this kind lived

in the Sydney Coal-field, where their remains will probably hereafter

be found. I have proposed for these impressions the name R. Aca-

diciis, in a paper on footprints of this class in the "Canadian Naturalist."

Useful Minerals of (he Carboniferous District of Cape Breton County.

Coal ranks at the head of these, about 421,000 tons being raised

annually from the coal beds of this district. The oldest colliery in

the district is that of North Sydney, which is worked by the General

Milling Ass(Jciatioii, on the north side of Sydney Harbour. The coal

is shii)i)ed at the bar at North Sydney, to which place a railway has

been laid. The coal from this mine is used principally for domestic

fires, and for the production of steam, for which it is admirably

suited.

Of the thirty-four scams included in Mr Browirs Sydney section,

only four are of workable thickness ; they are,

—

1. The Indian Cove scam, aljout 450 feet of vertical thickness

below the main seam . . . . . . 4 ft. 8 in.

2. The main seam . . . . • . . G 9

3. The Lloyd's Cove seam, about 730 feet of vertical

thickness above the main seam ....
4. The Cranberry Head top scam, about 280 feet above

Lloyd's Cove seam ......
Of these only the main scam is worked at present, at the North

Sydney mines. It yields a bright, free-burning coal, giving out its

heat very rapidly, and leaving a very small quantity of heavy reddish

ashes. According to Professor Johnston, it yields,

—

Volatile matter . . . 20-9.3

Fixed carbon . . . 67'57

Ashes 5-50

5

8

100-000

!
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ItH stcnin-prodiieing jxiwor is mtluM- Iosm tlmii tliat of Pictini coftl,

being, ftccordiiig to tlio Hnino autlinrity, 7'01 to I lli., or from tlio

tcinpemture of 212", 7'9l) to 1 lb. If also yields loss illimiiiiatiiig

gas; and, from the presence of a little bisnlpliuret of iron, is more

destructive to fiirniice bars tiian I'ictou coal, I'or domestic use,

however, its comparative freedom from dusty ashes more than com-

pensates ft)r tiiesc defects.

North-westward of Sy<lney, the Coal measures extend to tlie Little

Hras d'Or. and across the east end of JJouIardarie Island
;
but tiiis part

of the district docs not appear to bo productive at ))rcscnt, though

without doul)t rich in coal. To the south-east of Sydney the Coal

measures extend in a series of anticlinal and synclinal bends to Mire

Bay and Cutalogne, and are extensively worked, though, from facts to

be noted in the sequel, it will appear that their maximum produc-

tiveness is still very far from being reached. The sketch map (Fig.

158) will show the general nrrangcment of the measures, as far as

ascertained, and tlic localities of the principal mines.

When the first edition of this work Avas published, little was known
of the extension of the Coal measures along the coast of Caj)e Breton

from Sydney to Mire, except the mere fact of the extension of the

Coal formation rocks, and the occurrence in them of some workable

beds, to which, however, little attention had been given
;

partly

in consequence of the monopoly of the General Alining Association,

and partly in consc([uence of the absence of facilities for the shipment

of coal. Within the last few years, however, the whole coast has

been explored by mining surveyors, and fourteen important mines

have been ojjened or are in progress.

As in many other parts of the Carboniferous area of Acadia, the Coal

formation beds are undulated along a series of anticlinal and synclinal

lines, the synclinals running out at the surface as they approach the

older rocks, an arrangement which has been well worked out in detail

by Professor Lesley, in his reports on the district. In this way
the coal rocks of Eastern ( 'ape lireton appear as the ends of three

troughs. Th', most eastern and narrowest is that of Cow Bay. It

is separated from the second, that of Glace Hay, by an cast and west

anticlinal running out to the shore at North Head or Cape Granby.

The Glace Bay trough is wider and flatter, and is separated from the

still broader trough of Sydney by a second anticlinal running out at

Lingan. In consequence of this arrangement and the inequalities of

the coast line, the beds are repeated a number of times, and only a

limited portion of the whole thickness of the Carboniferous system is
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Fig. IhS.— Map <)/ Cijic Bnton Cvuljicld.

^C. DAUPHIN

]_<
A, Upper C'oftl beds.

II, .Midiilc C'oiil liecU.

C, Lowest Cdiil heda.

1>, Millntnne-Krit.

K, Lower Carljoiiiforous.

V, Mutnmoipliic Siliirinn.

1. New CanipbclUon Mine.

2. Little Uras dOr „

3. Sydney „

8,

9.

10,

11.

12,

13.

LinK«ii

Iiituniiitioiial

I'alodiiiiia

Little (iluce l!ay

Clyde

Sclinner Point

Hloeli House
(iowrie

Soiitli Head
MiriS

Mine,

.Vo(e.—It should be observed that tliere are probably several beds of coal l)ctwecn series A and

series B, and that the lines of outcrop of series B, C, D, and E, are not known in detail.
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exposed in the coast sections, but great facilities arc afforded for ex-

ploring and working the beds of coal.

Professor Lesley has published (I'roc. Am. Acad., Phila. 18C2), a

detailed section of that part of the scries exposed in the vicinity of

Little G lace JJay, amounting to a thickness of 007 feet. Unfortunately

he gives no information as to the fossils, and appears to have been

under the impression that his section includes nearly the whole of the

productive Coal measures of Cape Breton, ao that it is no* possible to

form any definite idea of the place in the series to Avhich these beds

belong. From specimens and information obtained from Mr Poole,

Mr Parncs, Mr Mosely, and others, I am inclined to regard them as

be'Mg in the upper part of the Middle Coal formation, the Upper

Coal formation being apparently wanting or concealed under the

ocean, and the Millstonc-grit series appearing farther inland.

Professor Lesley's section may be condensed as fidlows. It com-

mences at the headland between Purnt Head and Little Glace Bay,

where the newest rocks seen on this part of the coast ajmear.

ft. in.

Shales red and gray, the latter with noduics of iron

ore ........
Sandstone and arenaceous shale .

f ('oal, good .......
)
Underclny and sandstone ....

i Carl'onaceous shale .....
[ Underclay 8

Coal-group 1.

Coal-group 2....

Shale ....
( Coal, soft

J Coal, solid— "lIuD Vein"
^ Coal, hard .

Coal-group 3.

Coal-group 4.

Sandstone with fossil plants
' Cannel Coal,

Underclay .

Cannd Coal
Underclay .

Sandstones and shales .

Cainel Cod
Underclay

Coal-gi'oup 5.

Shjilo, arenaceous shale and sandstone
Coal
Shale
Coal and carbonaceous shale
Underclay

Coal-gvoup 6. i
Shale and sandstone
Clay
Cannel Coal,

( Underclay .
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Coal-group

THE CARUONIFEKOUS SYSTEM.

Coal
Hlfick shale, fossils

Coal .........
lUack shale

—

Sigillaria

Coal, ]iyrit(mH .......
Black siiale, I'ossils.......
Sol't shale

—

Sfiijmaria

Sandstone, shale and calcarco-bituininous shale,

^vith Lepidodciidi'd, Corduitm, SigillarUi, and
Hti(itiiartn—also shells of Nuiudites, S2>irorbis,

md (
'jiprids

ft. in.

2

10
12

9
1

10
4

r.„„i ,.„ iQ f Co(d " I'helan ^eani
Coal-Kroup 18 -{ ,, , ,'' ' ( Dark gray sandstone

—

ifligmaria

14

8
4

In all, 178 feet.

Tin Phelan bed is, on the best evitlenco, identified with the Bridg-

port or Lingan bed on the west, ami the M'Anlay bed at Cow Hay

on tlic cast. Assuming tills to be correct, the following table gives

the continuation of the section, as shown in a MS. report of Mr Mosely

of Halifax, kindly communicated to mc by Mr Joseph B. Moore :

—

Sandstones and shales

Coal-group 19 Coal

Measures not described .

Coal-group 20 Coal

Measures nut described

Coal-group 21 Coal

Sandstones, shales, and ironstone

Coal-group 22 Coal "M'Phnil or M'Uury Seam" *

Sandstone ar>d shale

Coal-group 23 Coal

Shalea and fire-clay

Coal-group 24 Coal

Measures undescribed .

Coal-group 25... Coal

* In Mr Lyman's Kcport, the latter part of this section is given somewhat differ-

ently, as follows :—

BI'Hury coal ....
Mea.siues undescribed

Co(d (two feet bed)

Measures undescribed, about

Coal (eiKhtecii-inch bf J)

Measures undescribed, about

Coal ("Long lioach Ued") .

Measures undescribed

C'oai ("Tracey Bed")

ft.
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as freedom from a.sli is concerned; and tliut of Lingan is rcniarkoblo

for its largo yield of illuminating gas. 1 am indebted to Mr Poolo

for the following tabic of re;5ults of as.says of the coal of the Cale-

donia Mine :

—

Wajland Scam, Caledonia Coal Mhir, Glace Baj, Cape Breton,

November l.SGG.

Number
of

Sample.
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Pccoptcris orcoptcroides (?) Ncuroptcris auriculata.

Pccoptcris Dournaisii, or allied. Splicnopteris dccipicns (?)

Neuroptcris flcxuosa. Cycloptcrls fimbriata.

Neuroptcris rarincrvis.

Asteropliyllitcs equisetifovmiH.

Sphcnopliyllum—a species with seven or eight long narrow leaflets,

each with about eight nerves. I have fragments of the same

from Sydney. It is probably new, and is certainly different

from the other species referred to in the text. It may be

named »S'. Pooli.

Cordaites borassifolia. Lopidodendron like tetragoninn.

Lepidodcndron elegans. Lepidophyllum lanceolatum.

rl

Associated with these plants arc .ibundant valves of Naiadites

clongatus, and also scales of small ganoid fishes and cyprids.

The flora represented by this collection is very like that of Sydney,

more especially in the number of ferns and the species of those present

;

and it is probable that this resemblance will be found to extend

throughout the Coal-field of Ivvstern Cape Ik'cton. It is a strictly

Middle Coal formation assemblage, though having the facies of the

upper part of that series, to which the Glace Bay beds would, on

stratigraphical grounds, be referred.

ii
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CHAPTER XX.

THE CARBONIFEliOUS SYSTEM-Coh^uiiw?.

THE FLORA OF THE COAL FORMATION.

I HAVE already endeavoured to introduce the reader into the jungles

and forests of Carboniferous Acadia ; but in order that lie may fully

appreciate the nature of the wondrous vegetation of that ancient time,

the producer of all our stores of mineral fuel, it will be necessary that

we shall pass in review the several genera of Coal formation plants, and

endeavour so to restore them that, in imagination, Ave may see them

growing before us, and lanoy ourselves walking beneath tlunr shade.

While thus endeavouring to in<-roducc the ordinary reader and tlie

student of Geology and Paltcontology to an acquaintance with the

Coal Flora, I shall take advantage of the abundant material within my
reach to restore some of the species more completely than has hitherto

been possible, and thus to present to geologists what I trust may
prove a more full and accurate synojjsis of the leading features of the

Cajboniferous Flora than any at present accessible.

The modern flora of th.e earth admits of a grand twofold division

into the Phamogamoiis, or flowering and seed-bearing plants, and the

Cryptoffamous, or flowerless and spore-bearing plants. In the former

series, we have, first, those higher plants which start in life with two

seed-leaves, and have stems with distinct bark, Avood, and pith—the

Exogenic ; secondly, those simjder plants which begin life with one seed-

leaf only, fud have no distinction of bark, wood, and pith, in the

stem—the Kndogcns ; and, thirdly, a peculi.nr group starting Avith tA\"0

or several seed-leavos, and having a stem Avith bark, Avood, and pith,

but Avith very imperfect flowers, and Avood of much simpler structure than

either of the others—the Gymnosperms. To the first of these groups or

classes belong most of the ordinary trees of temperate climates. To the

second belong the Palms and other trees found in tropical climates.

To the third belong the Pines and Cycads. In the second or Crypto-

gamous series avc have also three classes,—(1.) The Acrngens, or ferns

and club-mosses, Avith stems having true vessels marked on the sides

M
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\ I

with cross bars—the scakriform vessels. (2.) The Annphytrs, or

mosses and their allies, with stems and leaves, but no vessels. (3.) The

Thallojt/ii/lcs, or lichens, fungi, soa-weeds, etc., without true stems and

leaves.

In the existing climates of the earth we find these classes of plants

variously distributed as to relative numbers. In some, pines predo-

minate. In others, palms and tree-ferns form a considerable part of

the forest vegetation. In others, the ordinary exogenous trees predo-

minate, almost to the exclusion of others. In some Arctic and Alpine

regions mo.sses and lichens prevail. In the Coal period we have fouiul

none of the higher Exogens, and only a few obscure indications of the

presence of Endogcns ; but (iymnosporms .abound, and are highly char-

acteristic. On the other hand, we have no mosses or lichens, and

very few algii', but a great number of ferns and Lycopodiaccre or

club-mosses. Thus the Coal formation period is botanically a meet-

ing place of the lower Plucnogams and the higher Cryptogams, and

presents many forms which, Avhcn imperfectly known, have puzzled

botanists in regard to their position in one or other series. In the

present world, the flora most akin to that of the Coal period is that of

moist and warm islands in the southern hemisphere. It is not pro-

perly a tropic! 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 Ave )nay often be mistaken in reasoning as to the temperature

required by extinct species of plants diflering from those now in exist-

ence. Farther, we must not assume that the clinuxtal conditions of the

northern hemisphere were in the Coal period at all similar to these

which now prevail. As Sir Charles Lyell has shown, a less amount

of land in the higher latitudes would greatly modify climates, and there

is every reason to believe that in the Coal jieriod there was less land

than now. Farther, it has been shown by Tyndall that >i very small

additional amount of carbonic acid in the atmosphere would, by

obstructing the radiation of heat from the earth, produce almost the

effect of a glass roof or conservatory, extending over the whole world.

A gain, there is much in the structure of the leaves of the Coal plants,

as well as in the vast amount of carbon which they accunmlated in

the form of coal, and the characteristics of the animal life of the period,

to indicate, on independent 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 existing in the very minute

proportion of one ten-thousandth of the whole, a quantity adapted to

the present requirements of vegetable and animal life, but probably

not to those of the Coal period.
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We shall comniciico our Rirvey of tlic Coal flora with tlic higher

forms of plant-life, whiuli arc also those most akin to the plants of the

present world.

Class of Gy.mnospekms.

1. Coniferce or Pines,

Four species of pines have been rccnj^niscJ in the Coal formation of

Nova Scotia and New IJrunswiek. They are known priut'ipally as

drift trunks imbedded in the sandstones, and these arc so abundant as

to indicate that extensive pine forests existed, perhaps priuci])ally in

the uplands, hii,dicr tluin the Coal swamps. Tlie trunks arc also fre-

quently so well preserved, owing to the infiltration of carbonate of

lime or silica into tlieir cells, that their most minute structures can be

observed as readily as in the case of recent wood. They may all be

included in the genus Daduxijlon, a name which means simply pine-

wood. The wood of these trees, lunvever, more resembles that of the

Arauearian pines of the southern hemisphere than that of our ordinary

pines.

One of the sjiecies, D. antiquius, is closely allied to D. Wil'iami of

Great liritain, and, like that species, belongs to the Lower Carbon-

iferous Coal measures. Its structure is of that character for which

Brongniart ])roposcd the generic name " Paht'DXi/lon."* Another

species, D. Acadiamiin, is found abundantly at the Joggins and else-

where in the condition of drifted trunks imbedded in the sandstone of

the lower part of the Coal formation and the upper part of the Mill-

stone-grit series. The third species, D. inatcftariuin, is very near to

D, Brandlhigii of Great Britain, and may possibly be oidy a variety.

It is especially abundant in the Fa'J-tone of the Upper Coal formation,

in which vast numbers of di'ifted trunks of this species occur in some

.places. The fourth species, 1). annulatiim, presents a very peculiar

structure, probably of generic value. It iw- alternate concentric rings

of discigcrous woody tissue, of the character of that of Dadoxijlon, and

of compact structureless coal, which either represents layers of very

dense wood or, more likely, of corky cellular tissue. In the latter case,

the structure would have affinities with that of certain Gnclaccce or

jointed pines, and of Cycads.

Though coniferous trees usually occur as decorticated and prostrate

trunks, I have recorded the occurrence of one erect specimen, in a sand-

stone a little above the " Main Coal," at the Joggins. It probably

belonged to the species last named. Tissues of coniferous trees are

very rare in the coal itself. Most of the tissues marked with discs on

the cells like those of pines, found in the coal, belong to Sigitlaria and

* Ancient wood.

MJ
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Calamodcndron, From the nbiiiulaiice of coniferous trnos In sandstones

above and bolow tlic coal, niid tlieir coini)arfttivo abs(!nco in the coal

and coal-shaloH, it may be inferred tliat these trees l)eh)nged rather to

the uplands tliau to tlie eoal-swau.jis; and the f^reat diiraljility and

small specific gravity of coniferous wood would allow it to be drifted,

cither by rivers or ocean-currents, to very great distances. I n.m not

aware tiiat the fruits of jiiiie-trees occur, unless some of thos jailed

Trigonocarjxi are of this character. Nor has any foliage of these trees

been found, except at Tatamagoucho, in the continuation of the Upper

Coal formation, where 1 have found leafy branchlcts which I have

named Araucarilcs f/rdcilis, and which nuiy possibly liavc belonged

to Dadoxijlon nialcriarium.

The casts or pith-cylinders known as Sternherglm arc abundant in

some of the sandstones, especially in the Upper Coal formation. I

have shown that in Nova Scotia, as in England, sonic of these singnhir

casts belong to Dadoxi/lim f but as the i)ith-cylindcr of ^ijillaria and <jf

Lepidi'pJtldios was of a similar character, those which arc destitute of

woody investment cannot be determined with certainty, though in

general the transverse markings are more distant in the fSternbcrr/ice

K){ ISigillarin and L('j)id()phli)i()s than in those oi' JJado.r^ton.

In a paper communicated to the Geological Society of London in

1810, to which Professor Williamson, in his able Memoir in the Man-

chester Transactions (vol. ix., 1851), assigns the credit of first sug-

gesting that connexion between these curious fossils and the conifers

which he has so successfully worked out, I stated my belief that those

Sl)ccimens of Sternbcrgiic which occur with only thin smooth coatings

of coal might have belonged to rush-like endogcns; while tho.>:e to

which fragments of fossil wood were attached j)resented structures

resembling those of conifers. These last were not, however, so well

preserved as to justify me in speaking very positively as to their

coniferous affinities. They were also comparatively rare ; and I was
unable to understand how casts of the pith of conifers could assume

the appearance of the naked or thinly coated Sternbergiffi. Additiijnal

specimens, affording well-preserved coniferous tissue, have removed

these doubts, and, in connexion with others in a less perfect state of

preservation, have enabled nie more fully to comprehend the homologies

of this curious structure, and the manner in which specimens of it have

been preserved independently of the wood.

My most perfect specimen is one from the coal-field of Pictou-}-

* Proceedings of the Aiiiericiin Association, 1837, Canadian Naturalist, vol. ii. Paper

on Structures of Coal, Quart. .lourn. Cieol. Soe. 1800.

t Presented to me by Mr Hogg of Pictou Island.

!
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Fig. 159.

—

Araucaritca and Dculojrijlun,

425

A, Aiiiiii'iiritcs gracilis; rciliiecd.

1!, Dadoxylnu Acadiaiuiiii (radial), 00 dianis.

lii, I)i., do. (tan;,'oiiliall, !«.! (liaiiirt.

11-, Do. do. (-I'll sliowiiii,' ariMjlation, 2J<.l diums.

C, Padoxylon matLTiari\im (radial), Hi) diaiiis.

C', Do. do. (tan^'ciitial,!, Oo diaiiis.

(ja, Do. do. cull sliowiiif areolatioii, 250 dlams.

1). Dadoxylon antiquim (radial;, !W dianis.

1)', Do. do. ( tangential). 90 diains.

\yi. Do. do. cidl showing arcolation. '2.")0 diani3.

;ji!
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I it

It;

(Fig. 160). It is cylindrical, but somewliat flattened, being one inch

and two-tenths in its least diameter, and one inch and seven-tenths

in its greatest. The diaphragms, or transverse partitions, appear to

have been continuous, though now somewhat broken. They arc rather

less than one-tenth of an inch apart, and .are more regular than is usual

in these fossils. The outer surface of the pith, except where covered

by the remains of the wood, is marked by strong wrinkles, correspond-

ing to the diaphragms. The little transverse ridges are in part coated

with a smooth tissue similar to that of the diaphragms, and of nearly

the same thickness.

Fig. IfiO.—Sternbergia Pith of Diuhxylon.

A B

A, Specimen ; nat. size, showing remnins D, Longitudinal section of anotiier speci-

of wood at (n) (a). men witli tliicli co:ily envelope repre-

B, Junction of wood and pitli ; magnified. senting tlie wood.

C, Cells of the wood of do. (aa)\ (6) Me- E, Flattened trunk, with Skrnberyia pitli

dullaryray; (c) Areolatioii. at(a)i reduced.

F, Cellular tissue of pith.
\

When traced around the circumference or toward the centre, the

partitions sometimes coalesce and become double, and there is a ten-

dency to the alternation of wider and narrower wrinkles on the surface.

In these chai'acters and in its general external aspect, the specimen

perfectly resembles many of the ordinary naked Sternbergite.

On microscopic examination, the partitions are found to consist of

condensed pith, which, from the compression of the cells, must have

been of a firm bark-like texture in the recent plant (Fig. 160, F). The

wood attached to the surface, which consists of merely a few small

splinters, is distinctly coniferous, with two and three rows of discs on

!.

•'•

!
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the cell walls (C, c). It is not distinguishable from that of Pinites

[Dadoxylon) Brandlingii of Witham, or from that of the specimens

figured by Professor Williamson. The wood and transverse partitions

are perfectly silicified, and of a dark-brown colour. The partitions are

coated with small colourless crystals of quartz and a little iron pyrites,

and the remaining spaces are filled with crystalline laminaj of sulphate

of barytes.

Unfortunately this fine specimen does not possess enough of its

woody tissue to show the dimensions or age of the trunk or branch

which contained this enormous pith. It proves, however, that the pith

itself has not been merely dried and cracked transversely by the elon-

gation of the stem, as appears to be the case in the liutternut [Juglans

cinerea), and some other modern trees, but that it has been condensed

into a firm epidermis-like coating and partitions, apparently less de-

structible than the woody tissue which invested them. In this speci-

men the process of condensation has been carried much farther than in

that described by Professor Williamson, in which a portion of the un-

altered pith remained between the Sternbergia cast and the wood. It

thus more fully explains the possibility of the preservation of such

hollow-chambered piths after the disappearance of the wood. It also

shows that the coaly coating investing such detached pitli-casts is not

the medullary sheath, properly so called, but the outer part of the con-

densed pith itself.

The examination of this specimen having convinced me that the

structure of Stcrnbergiai implies something more than the transverse

cracking observed in Juglandacere, I proceeded to compare it with

other piths, and especially with that of Cecropia peltata, a West Indian

tree, of the natural family Artocarpaceaj, a specimen of which was

kindly presented to me by Professor Balfour of Edinburgh, and which

I believe has been noticed by Dr Fleming, in a paper to wliich I have

not had access. This recent stem is two inches in diameter. Its

medullary cylinder is three-quarters of an inch in diameter, and is lined

throughout with a coating of dense whitisli pith tissue, one-twentieth of

an inch in thickness. This condensed pith is of a firm corky texture,

and forms a sort of internal bark lining the medullary cavity. Within

this the stem is hollow, but is crossed by arched partitions, convex

upward, and distant from each other from three-quarters to one and a

quarter inch. These partitions are of the same white corky tissue

with the pith lining the cavity ; and on their surfaces, as well as on

that of the latter, are small patches of brownish large-celled pith, being

the remains of that which has disappeared from the intervening spaces.

Each partition corresponds with the upper margin of one of the large
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triangular leaf-scars, arranged in quincuncial order on the surface of

the stem.

Inferring from these appearances that this plant contains two distinct

kinds of pith tissue, differing in duration and probably in function, I

obtained, for comparison, specimens of living plants of this and allied

families. In some of these, and especially in a species labelled " Ficus

imperialis" from Jamaica, I found the same structure ; and in the

young branches, before the central part of the pith was broken up, it

was evident that the tissue was of two distinct kinds : one forming the

outer coating and transverse partitions opposite the insertions of the

leaves, and retaining its vitality for several years at least ; the other,

occupying the intervening spaces or intemodes, of looser texture,

speedily drying up, and ultimately disappearing.

The trunks above noticed are of rapid growth, and have large leaves

;

and it is probable that the more permanent pith tissue of the medullary

lining and partitions serves to equalize the distribution of the juices

of the stem, which might otherwise be endangered by the tearing of

the ordinary pith in the rapid elongation of the internodes. A similar

structure has evidently existed in the Coal formation conifers of the

genus Dadoxylon, and possibly they also were of rapid growth and

furnished with very large or abundant leaves.

Applying the facts above stated to the different varieties or species

of Sternbergia, we must, in the first place, connect with these fossils

such plants as the Pinites medullaris of Witham. I have not seen a

longitudinal section of this fossil, but should expect it to present a

transverse structure of the Sternbergia type. The first specimen de-

scribed by Professor Williamson represents a second variety, in which

the transverse structure is developed in the central part of the pith,

but not at the sides. In my Pictou specimen the pith has wholly dis-

appeared, with the exception of the denser outer coating and transverse

plates. All these are distinctly coniferous, and the differences that

appear may be due merely to age, or more or less rapid growth.

Other specimens of Sternbergia want the internal partitions, which

may, however, have been removed by decay ; and these often retain

very imperfect traces, or none, of the investing wood. In the case of

those which retain any portion of the wood sufficient to render pi'ob-

able their coniferous character, the surface markings are similar in

character to those of my Pictou specimen, but often vary greatly in

their dimensions, some having fine transverse wrinkles, others having

these wide and coarse. Of those specimens which retain no wood,

but only a thin coaly investment representing the outer pith, many

cannot be distinguished by their superficial markings from those that

m\\
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aro known to bo coniferous, and they occasionally afford evidence that

we must not attach too much importance to the character of their

markings. A very instructive specimen of this kind from Ohio, with

which I have been favoured by Professor Newberry, has in a portion

of its thicker end very fine transverse wrinkles, and in the remainder

of the specimen much coarser wrinkles. This difference marks,

perhaps, the various rates of growth in successive seasons, or tho

change of the character of the pith in older portions of the stem.

Tlie state of pi'eservation of the Stcmbergia casts, in reference to

the woody matter which sui rounded them, presents, in a geological

point of view, many interesting features. Professor Williamson's

specimen I suppose to be unique, in its showing all the tissues of the

branch or trunk in a good state of preservation. More frequently,

only fragments of the wood remain, in such a condition as to evidence

an advanced state of decay, while the bark-like medullary lining

remains. In other specimens, the coaly coating investing the cast

sends forth flat expansions on either side, as if the Sternbergia had

been the midrib of a long thick leaf. This appearance, at one time

very perplexing to me, I suppose to result from the entire removal of

the wood by decay, and the flattening of the bark, so that a perfectly

flattened specimen may be all that remains of a coniferous branch

nearly two inches in diameter. A still greater amoimt of decay of

woody tissue is evidenced by those Sternbergia casts which are thinly

coated with structureless coal. These must, in many cases, represent

trunks and branches which have lost their bark and wood by decay

;

while the tough cork-like chambered pith drifted away to be imbedded

in a separate state. This might readily happen with the pith of

Cecropia ; and perhaps that of these coniferous trees may have been

more durable ; while the wood, like the sap-wood of many modem
pines, may have been susceptible of rapid decay, and liable, when
exposed to alternate moisture and dryness, to break up into those

rectangular blocks which arc seen in the decaying trunks of modem
conifers, and are so abundantly scattered over the surfaces of coal and

its associated beds in the form of mineral charcoal.

Some specimens of Sternbergia appear to show that they have

existed in the interior of trunks of considerable size. I have observed

one at the South Joggins, which appears to she ^e remains of a tree

a foot in diameter, now flattened and converted into coal, but retain-

ing a distinct cast of a wrinkled Sternbergia pith. (Fig. 160, E.)

Are we to infer from these facts that the wood of the trees of the

genus Dadoxylon was necessarily of a lax and perishable texture ? Its

structure, and the occurrence of the heart-wood of huge trunks of

]
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largely to the pioJuction of coal. Let us take as an example of tliem

a species very common at the Joggins, and which I have named *Si.

Brownii, in honour of my friend, Mr 11. Brown of Sydney. Imagine

a tall cylindrical trunk spreading at the base, and marked by perpen-

dicular rounded ribs giving it the appearance of a clustered or fluted

column. These ribs arc marked by rows of spots or pits left by fallen

leaves, and toward the base they disappear, and the bark becomes

rough and uneven, but still retains obscure indications of the leaf-scars,

widened transversely by the expansion of the stem. At the base the

trunk spreads into roots, but with a regular bifurcation quite un-

exampled in modern trees, and the thick cylindrical roots are marked

with round sunken pits or areoles, from which spread long cylindrical

rootlets. These roots are the so-called Stiffmarice, at one time regarded

as independent plants, and, as the reader may have already observed,

remarkable for their constant presence in the underclays of the coal-

beds. Casting our eyes upward, we find the pillar-like tnmk, either

quite simple or spreading by regular bifurcation into a few thick

branches, covered with long narrow leaves looking like grass, or, more

exactly, like pine leaves greatly increased in size, or, more exactly still,

like single leaflets of the leaves of Cycads. Near the top, if the plant

were in fruit, avc might observe long catkins of obscure flowers or strings

of large nut-like seeds, borne in rings or whorls encircling the stem.

If we could apply the woodman's axe to a Sigillctria, we should find

it very different in structure from that of our ordinary trees, but not

unlike that of the Cycads, or false sago-plants of the tropics. A
lumber-man would probably regard it as a tree nearly all bark, with

only a slender core of wood in the middle ; and, botanically, he would

be very near the truth. The outer rind or bark of the tree was very

hard. Within this was a very thick inner bark, partly composed of a

soft corky cellular tissue, and partly of long tough fibrous cells like

those of the bark of the cedar. This occupied the greater part of the

stem even in old trees four or five feet in diameter. Within this we

would find a comparatively small cylinder of wood, not unlike pine in

appearance, and even in its microscopic structure ; and in the centre a

large pith, often divided, by the tension caused in the growth of the

stem, into a series of horizontal tables or partitions. Such a stem

would have been of little use for timber, and of comparatively small

strength. Still the central axis of wood gave it rigidity, the surround-

ing fibres, like cordage, gave the .axis support, and the outer shell

of hard bark must have contributed very materially to the strength

of the whole. Growing as these trees did in swampy flats close

together, and the bark of which they were chiefly composed being less

•l,\,
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Fig. 161.— Sifjillaikf!,

H-i^^^^^^

A, Sigilliifia Ilrowiiil, restored. Tor other illiistnitloiis of this species, see l'"ig. 'J».

U, /S. e(i!ynM, restored,
B', Leaf of S. elegans.
132, Portion of deeorticnted stem, allowing one of the transverse bands of fruit-scars. >

I!', Portion of stem and brancli reduced, and scars iiat. size.

C, (Jrosn section of Sigillaria firownii (?), reduced, and portion at (M) natural size, (a) Stcrn-
bcrgia pitli, (?(') Inner cylinder of scalariform vessels, (f/^) Outer cylinder of discigerous
cells, with mediiUiiry rays and bundles of scalariform vessels going to the leaves
at (W). (c) Inner bark, (d) Outer bark.

D, Scalariform vessel magnified. II, 5. eminens, reduced. (H') arcole, half n. sire.

E, Discigeroiis woody fibre, magnified. I, iS. caienoidej, half nat. size.

F, SigiUnria Hre.toncnsis, ^. (/') Areole, n. size. K, «S.;i/nnicos(a, hat! nat. size.

G, S. striata, nat. size. li, Portion of leaf of S. acuUUata.
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suHCcptiblc of rapid decay tliau most kinds of wood, and too Impervious

to fluids to be readily penetrated by mineral matter, they were admir-

ably fitted for the production of the raw material of coal.

I have endeavoured to represent the structures above referred to in

Fig. 161.

The species to which I have referred was only one of many more

or less resembling it, but differing in details ; and according to these

special difTerenccs, they may be arranged in the following genera, which

may, however, be much modified by the progress of discovery. Op-

posite each genus I have given the species representing it in Nova
Scotia.

(1.) Favularia, Sternberg

(2.) RiJYTiDOLEns, Sternberff

(3.) SiGiLLARiA, Brongn.

Sigillaria elegans, Brongn.

tcssellata, Brongn.

Bretonensis, Dawson.

. scutellata, Brongn.- Schlotheimiana, Brongn.

.Saullii, Brongn.

Dournaisii, Brongn.

Knorrii, Brongn.

pachyderma, Brongn.

flexuosa, L. ^ II. f

elongata, Brongn.

reniformis, Brongn.

Brownii, Dawson.

lajvigata, Brongn.

planicosta, Dawson.

catenoides, Dawson.

striata, Dawson.

eminens, Dawson.

. Menardi, Brongn.

. Sydnensis, Dawson.

. organum, L. 4" H.

(4.) Clathraria, Brongn -

(5.) Leioderma, Quldenb -

(Asolanus, Wood).

(6.) Syringodendron, Sternb. . .
-

Of these, seven ai'e probably new species, and the remainder can

be identified with reasonable certainty with European species. The

differences in the markings in different parts of the same tree are,

however, so great, that I regard the greater part of the recognised

species of Slgillarias as merely provisional. Even the generic limits

may be overpassed when species are determined from hand specimens.

A fragment of the base of an old tmnk of Sigillaria proper would

necessarily be placed in the genus Leioderma^ and a young branch of

i
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Favularia has nil the characters of the genus Clal/iraria. It is,

however, ftbaolutely necessary to make some attempt at generic dis-

tinction among the diverse forms included in the genus tiigillaria

;

otherwise it will be impossible to reconcile the conflicting statements

of authors as to the dimensions, habit of growth, foliage, roots, and

fructification of these singular plants;—such statements usually ap-

plying to one or more of the subordinate generic types. I shall

therefore notice separately, and with especial reference to their function

in the production of coal, the several generic or subgeneric forms,

bcgiiming with that which I regard as the most important—namely,

Sigillaria proper, of which, in Nova Scotia, I regard the species Avhich

I have named S. Brownii as the type. Other species are represented

in Figs. 161, IJ to K.

In the restricted genus Sigillaria the ribs are strongly developed,

except at the base of the stem ; they are usually much broader than

the oval or elliptical tripunctate areoles, and are striated longitudinally.

The woody axis has both discigerous and scalariform tissues, arranged

in wedges, with medullary rays as in exogcns ;* the pith is trans-

versely partitioned in the manner of Sternhergia ; and the inner bark

contains great quantities of long and apparently very durable fibres,

which I have, in my descriptions of the structures in the coal, named
" bast tissue." The outer bark was usually thick, of dense and almost

indestructible cellular tissue. The tnmk when old lost its regular ribs

find scars, owing to expansion, and became furrowed like that of an old

exogenous tree. The roots were Stigmarice of the type oi S. jicoides.

(Fig. 30, rf, p. ISO.) I have not seen the loaves or fruits attached

;

but, from the association observed, I believe that the former were long,

narrow, rigid, and two-or-three-nerved [Cyperites)^ and that the latter

were Trigonocarpa, borne in racemes on (iie upper part of the stem.

These trees attained to a great size. I have seen one trunk four feet

in diameter, and specimens of two feet or more in diameter are com-

mon : some of these trunks have been traced for thirty or forty feet

without branching. The greater number of the erect stumps preserved

at the Joggins appear to belong to this genus, which also seems to

have contributed very largely to the formation of coal. Judging from

the paucity of their foliage, the density of their tissues, and the strong

structural resemblance of their stems and roots to those of Cycads, I

believe that their rate of growth must have been very slow.

The genus Jthytidolepis, in which the areoles are large, hexagonal,

and tripunctate, and the ribs narrow and often transversely striate,

ranks as a coal-producer next to Sigillaria proper, and is equally

* Quart. Journ. Geol. Soc, paper on Structures of Coal.
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Rbiituliuit in the C'iy,x\ mcnsurcs. These trees soein to have been of

pnmller hI/.c nnd feebler structure tlian the hist mentioned, nnd arc

less frequently found in the erect position ; but they are very abun-

dant on the roofs of the oonl beds. Judging from such specimens as

I have seen, their roots were less distinctly stigmarioid than in tho

last genus, though this appearance may arise from difference of pre-

servation. Their leaves wore of the same type as in the last genus;

and their stems bear rings of irregular scars, which may mark stages

of growth, or the production of slender racemes of fruit in a vi rtieillate

manner. The w(3ody axis of the stems of this genus was composed

of scalariform and coarsely porous tissues, much like those of modern

Cycads. I figure, as an illustration of the genus, a fragment of S.

lirelonensis (Fig. ICl, V).

The genus Favtdaria is represented in Nova Scotin principally by

the typical species S. elegans of Brongntart. The admirable investi-

gations of the stiMicturc of the stem of this species by Urongniart, with

the further illustrations given by Corda, Hooker, and Goldcnberg,

stiil afford the best general views of the structure of Sigillaria: which

we possess. It is to be observed, however, that Brongniart's speci-

men was a young stem or a branch, and that it affords a very imper-

fect idea of the development of discigerous and bast tissues in the

full-grown stems of Sigillaria proper. The trees of this genus appear

to have been of small growth ; and they branched in the manner of

Lepidodcndron, the smaller branches being quite destitute of ribs, and

with the areoles elliptical and spirally disposed. The stems show

joints or rings of peculiar scars at intervals, as in the last genus. The

leaves differ from those of tho other genera, being broad and with

numerous slender parallel veins, almost in the manner of Cordaites

(Fig. 161, B').

The genus Clathraria is evidently closely allied to the above, and

is possibly founded on branches of trees of the genus Favtdaria. It

is a rare form in Nova Scotia.

Of the genus Leioderma or Asolanus I know but one species, inde-

pendently of those specimens of old trunks of the ordinary Sigillaria

in which the ribs have disappeared. My species, S. Sydenensis, is

founded on specimens collected by INIr Brown at Sydney, Cape Breton,

which are especially remarkable for the curious modification which

they present of the Stigmarian root. The specimens described by Mr
Brown under the name oiS. alternans* and which have been copied by

Geinitz and Goldcnberg, belong, I believe, to this species.

* Quart. Joum. Geol. Soc, vol. v. p. 354. et acq. Sec also my paper on " Conditions

of Accumulation of Coal," Quart. Journ. Geol. Soc, vol. xxii. p. 147, and PI. vii,

Figs. 28, a,b,c.
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of Stigniaria in Nova Scotia, corrcsponcliiig, as I believe, to ns iimiiy

species of Sigillaria* At the Joggins, SligmarUt: aro more ttbundimt

than any other fossil plants. This arises from their preservation in

the numerous fossil soils or tSlif/maria underclay.s. Their burk, and

mineral charcoal derived from their axes, also abound throughout the

thickness of the coal beds, indicating the continued growth of Sii/il-

laria in the accumulation of the coal.

Our knowledge of the fructification of Sigillaria is as yet of a very

uncertain character. 1 am aware that Goldenberg has assigned to

these plants leafy str,)biles containing spore-capsules; but I do not

think the evidence which ho adduces conclusive as to their connexion

with Higillariu ind the organs themselves are so precisely similur

to the strobiles u Lepidophloios, that I suspect they must belong to

that or some allied genus. The leaves, also, with which they are

associate' n one of Gol'L lUerg's figures suMn more like those of

Lepid)pfif.oios thru t1 o.^o of Sigillaria. If, however, these are really

the organs of fn. tification of any species o*' Sigillaria, I think it will

be found tli;u wo have included in this genus, as in the old genus

Calamiteif, two distinct groups of plants, one cryptogamous, and the

other phajnogamous, or else that male strobiles bearing pollen have

been mistaken for sporc-beaniig o'-'rins.

I cannot pretend that I have found tiu fruit of Slgillarin attached

to the parent stem ; but I think that a reasonable probability can be

established that some at least of the fruits includ-^d, somewhat vaguely,

by authors under the m mes of Trigonucarpuin and Ithalducarpus,

were really fruits of Sigillaria. These fruits are excessively abundant

and of many species, and they occur not only in the sandstones, but

in the fine shales and coals and in the interior of erect ticoa, eViowing

that they were produced in the coal-swamps. The structures of these

fruits show that they are pha;nogamous and probably gymnospi rmous.

Now the only plants known to us in the Coal formaUon, wliose struc-

tures entitle them to this rank, are the Conifers, Sigillarice, and Cala-

modendra. All the others were in structure alliud to crypiogams,

and the fructification of most of them is known. 13 ut the Conifers

were too in. uent in the Carboniferous swamps to have afforded

numerous sp i ' ,s of Carpolites ; and, as I shall presently show, the

Calamodendra were very closely allied to Sigillaria', if not members

of that family. Unless, therefore, these fruits belonged to Sigillaria,

they must have been produced by some other trees of the coal-swamps,

which, though very abundant and of numerous species, are as yet

quite unknown to us. Some of the Trigonocarpa have been claimed

* Fee Paper on Accumulation of Coal, Journ. Qeol. Soc, vol. xxii.
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for Conifers, and their resemblance to the fruits of Salishurya gives

countenance to this claim ; but the Conifers of the Coal period are

much too few to afford more than a fraction of the species. One

species of Rhabdocarpus has been attributed by Geinitz to the genus

Noeggerathia ; but the leaves which he assigns to it are very like those

of Sigillaria elegans, and may belong to some allied species. With

regard to the mode of attachment of these fruits, I have shown that

one species, Trigonocarpum racemosum of the Devonian strata,* was

borne on a rhachis in the manner of a loose spike, and I am convinced

that some of the groups of inflorescence named Antholithes are simply

young Rhabducarpi or Trigonocarpa borne in a pinnate manner on a

broad rhachis and subtended by a few scales. Such spikes may be

regarded as corresponding to a leaf with fruits borne on the edges, in

the manner of the female flower of Cycas ; and I believe with Golden-

berg that these were borne in verticils at intervals on the stem. In

this case it is possible that the strobiles described by that author may
be male organs of fructification containing, not spores, but pollen.

In conclusion, I would observe that I would not doubt the possibility

that some of the fruits known as Cardiocarpa may have belonged to

sigillarioid trees. I am aware that some so-called Cardiocarpa are

spore-cases of Lepidodendron ; but there are others which are mani-

festly winged nutlets allied to Trigonocarpum, and which must have

belonged to phajnogams. It would perhaps be unwise to insist very

strongly on deductions from what may be called circumstantial evi-

dence as to the nature of the fruit of Sigillaria ; but the indications

pointing to the conclusions above stated are so numerous that I have

much confidence that they will be vindicated by complete specimens,

should these be obtained.

All of the Joggins coals, except a few shaly beds, afford unequivo-

cal evidence of Stiginaria in their underclays ; and it was obviously

the normal mode of growth of a coal-bed, that, a more or less damp
soil being provided, a forest of Sigillaria should overspread this, and

that the Stigraarian roots, the trunks of fallen Sigillarice, their leaves

and fruits, and the smaller plants which grew in their shade, should

accumulate in a bed of vegetable matter to be subsequently converted

into coal—the bark of Sigillaria and allied plants affbrdiujj " bright

coal," the wood and bast tissues mineral charcoal, and the herbaceous

matter and ir.'^uld dull coal. The evidence of this afforded by micro-

scopic structure I have endeavoured to illustrate in a former paper. -}-

The process did not commence, as some have supposed, by the

* " Flora of the Devonian Period," Quart. Journ. Geol. Soc, vol. viii. p. 324.

f " On the Structures in Coal," Quart. Journ. Geol. Soc. 1859.
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growth of Stigmaria in ponds or lakes. It was indeed precisely the

reverse of this, the Sigillaria growing in a soil more or less swampy

but not submerged, and the formation of coal being at last {viTCStcd

by submergence. I infer this from the circumstance that remains

of Cyprids, Fishes, and other aquatic animals, are rarely found in the

underclays and lower parts of the coal-beds, but very frequently in

the roofs, while it is not unusual to find mineral charcoal more

abundant in the lower layers of the coal. For the formation of a

bed of coal, the sinking and subsequent burial of an area previously

dry seems to have been required. There are a few cases at the

Joggins where Calamites and even Sigillaria; seem to have grown on

areas liable to frequent inundation ; but in these cases coal did not

accumulate. The non-laminated, slicken-sided and blcaclicd condition

of most of the underclays indicates soils of considerable permanence.

In regard to beds destitute of Stigmarian underclays, the very

few cases of this kind apply only to shaly coals filled with drifted

leaves, or to accumulations of vegetable mud capable cf conversion

into impure coal. The origin of these beds is the same with that of

the carbonaceous shales and bituminous limestones already referred

to. It will be observed in the section that in a few cases such beds

have become sufficiently dry to constitute underclays, and that con-

ditions of this kind have sometimes alternated with those favourable

to the formation of true coal.

There are some beds at the Joggins, holding erect trees in situ,

which show that Sigillarice sometimes grew singly or in scattered

clumps, either alone or amidst brakes of Calamites. In other in-

stances they must have grown close together, and with a dense un-

dergrowth of ferns and Cordailes, forming an almost impenetrable

mass of vegetation.

From the structure of Sigillarice I infer that, like Cycads, they

accumulated large quantities of starch, to be expended at intervals in

more rapid j^'iowth, or in the production of abundant fructification.

I adhere to the belief expressed in previous papers that Brongniart

is coi'rect in regarding the Sigillarice as botanically allied to the

C"jcadacece, and I have recently more fully satisfied myself on this

point by comparisons of their tissues with those of Cycas revoluta.

It is probable, however, that when better known they will be

found to have a wider range of structure and aflSnities than we now
suppose.

There are some reasons for believing that the trees described by

Corda under the names of Diploxylon, Myelopithys, and Heterangiumy

and also the Anahathra of Witham, are Sigillarice. Much of the tissue

i I
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described by Goeppert as Araucarites carbonarius is probably also

Sigillarian.

2. Calamodendron or Calamitea.—These plants are much less known
than the proper Sigillarias, and it is perhaps doubtful if they should

not form a separate family. In the meantime I place them here,

simply because they seem to approach more nearly to Sigillarice than

any other plants in their structure. They were of less massive growth

than Sigillnrice, being rarely more than a few inches in diameter ; they

had stems fluted lengthwise like Sigillaria, but more distinctly

divided into nodes or joints by the scars of branches which were borne

in whorls, and carried their narrow, slender leaves. In their habit of

Fig. 162.— CalamodemlroH.

(a, h) Casts of axis in sandstone, with wooily envelope, rciluceil.

(c, rf) Woody tissue, liiglily niagniliud.

growth they thus resembled the pine tribe, and they seem to have had

a larger amount of true wood in their stems than was the case with

Sigillaria. This cylinder of wood contained a thick pith, which was

constricted at intervals into joints, and had also a longitudinal striation

on the outside ; and as this pith from its ready decay admitted sand

into the interior of the stem, while the wood was entire or in process of

conversion into coal, we often have a stem of Calamodendron repre-

sented merely by a cast of the pith in stone. In this case the pith

cylinder may be easily mistaken for a plant of the genus Calamites,

which, as we shall immediately find, was quite a diflFerent thing. I
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believe that the statements often found in geological books to the

effect that the Calamites were smooth externally, and that the sup-

posed jointed stems are only casts of the pith, are true oWalaviodendron

only, and proceed from confounding that genus with Calamites.

A Calamodendron as usually seen is a striated cast with frequent

cross lines or joints; but when the whole stem is preserved, it is seen

that this cast represents merely an internal pith-cylinder, surrounded

by a woody cylinder composed in part of scalariform or reticulated

vessels, and in part of wood-cells with one row of large pores on each

side. External to the wood was a cellular bark, and the outer surface

seems to have been simply ribbed in the manner of Sigillaria. It so

happens that the internal cast of the pith of Calamodendron, which is

really of the nature of a Sternbergia, so closely resembles the external

appearance of the true Calamites as to be constantly mistaken for them.

Most of these pith-cylinders of Calamodendron have been grouped in

the species Calamites approximatus ; but that species, as understood

by some authors, appears also to include true Calamites* which, how-

ever, when well preserved, can always be distinguished by the scars

of the leaves or branchlets which were attached to the nodes.

Calamodendron would seem, from its structure, to have been closely

allied to Sigillaria, though, according to Unger, the tissues were

differently arranged, and the woody cylinder must have been much

thicker in proportion.

The tissues of Calamodendroji are by no means infrequent in the

coal, and casts of the pith are common in the sandstones; but its

foliage and fruit are unknown. They probably resembled those of

Sigillaria.

Class of Cryptogams.

1. Equisetacece.

1. Calamites.—These curious plants are by no means to be confounded

with those last noticed. Their stems were slender, ribbed and jointed

externally, and from the joints there proceeded, in some of the species,

long, narrow, simple branchlets ; and, in others, branches bearing

whorls of small branchlets or rudimentary leaves. The stem was

hollow, with thin transverse floors or diaphragms at the joints, and

it had no true wood and bark, but only a thin external shell of fibres

and scalariform vessels. The Calamites grew in dense brakes on the

Bandy and muddy flats, subject to inundation, or perhaps even in the

water, and they had the power of budding out from the base of the

stem, sc as to form clumps of plants, and also of securing their foot-

* See Geinitz, " Stciiikohlen formation in Sachsen.''
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Fig. 163.— Calamitea,

A, Calamttes Suckovii, restored.

A>, Foliage.

A^, Ribs and scars.

A', Roots.

A*, Base of stem.

Vt, Calamites Ciatii, restored.

B', Leaves.

B^, Leaf enlarged.

C, Leaves of C. nfidosiis.

C, Whorl enlarged.

D, Structure of stem.

£, Vessels magnified.
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hold by numerous cord-like roots, proceeding from various heights on

the lower part of the stem.* The fruit was a long cone or spike, bearing

spore cases under scales. The Calamites were evidently close relations

of the modern horse-tails or scouring-rushes, differing principally in

their great size, the want of sheaths at the joints, and the details of

the fructification (Fig. 163).

Most of the points above stated, as well as the conical form of the

lower end of these Calamites^ which budded out from others, were ex-

plained by me in the "Journal of the Geological Society" as far back

as 1849, yet the most ridiculous errors are still current in elementary

books.

Nine species of true Calamites have been recognised in Nova Scotia,

of which seven occur at the Joggins, the mobt abundant being C.

Suckovii and C. Cistii. As just observed, the Calamites grew in

dense brakes on sandy and muddy flats, in the manner of modem
Equisetacea:^ and produced at their nodes either verticillate simple

linear leaves, as in C. Cistii, or verticillate branchlets with pinnate

or verticillate leaflets, as in 0. Suckovii and C. nodosus. The Calamites

do not seem to have contributed much to the growth of coal, though

their remains are not infrequent in it. The soils in which they

most frequently grew were apparently too wet and liable to inunda-

tion and silting up to be favourable to coal-accumulation.

Fig. 161.—Equisctitcs Carta.

(a, h) Portions of stem. (c) Slieatlia.

2. Equisetites.—This genus includes a few plants which, like the

modem horse-tails, had sheaths at the joints. One species only has

been found in Nova Scotia, and little is known of this except the

form of the lower part of the stem (Fig. 164).

3. Asterophyllites.—These beautiful plants do not appear to have

been of large size, and, like the other members of this family, probably

* Quart. Journ. of Qeol. Soc, vol. ?c. p. 34. .
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the surfaces of the shales, resembling flowers. Its stems were very

slender, ])ut branching copiously, and bearing wedge-shaped leaves

often toothed at the edges, and veined in the manner of fern leaves.

The spores were borne on small spikes like those of AsterophylUtes,

Five species have been recognised in the Acadian Coal-fields, I am
not aware that this and the two preceding genera contributed to any

great extent to the accumulation of coal ; but as their tissues were

scalariform, similar to those of ferns, it would not be easy to recognise

them. A beautiful specimen of Sphenophyllum emarg'matuvi from

New Brunswick, in the collection of Sir W, E. Logan, has enabled

me to ascertain that its stem had a simple axis of one bundle of

reticulato-scalariform vessels, like those of Tmesipteris as figured by

Brongniart. These curious plants were no doubt cryptogamous,

having a habit of growth like that of Equisetacece, leaves like those

of ferns or Marsiliacea:, and fructification and structure like those of

Lycopodiacece (Fig. 165, C).

6. Pinnularia.—These are slender roots, or stems branching in a pin-

nate manner, and somewhat irregulai'ly. They are very abundant in

the coal shales, and were probably not independent 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 (Fig. 165, D).

2. Ftlices or Ferns.

The ferns or brackens are still very abundant in the forests of

Acadia, but do not constitute nearly so prominent a part of the flora

as in the days of the Coal formation, when the species were vastly

more numerous in proportion to other plants, and when there were

tree ferns similar to those of the present tropics and southern hemi-

sphere, as well as the smaller herbaceous species. The fronds of fossil

ferns are often well preserved, but we usually obtain them only in

fragments and destitute of the fructification, which is the most distinc-

tive character in living ferns. Hence we are obliged to arrange the

fossil ferns in an arbitrary manner ; the stems, when found, by them-

selves and the fronds by themselves, and the latter in groups based

on venation and other comparatively unimportant characters, rather

than on fructification. The classification thus formed is altogether

provisional, and when our knowledge of the subject shall become more

complete, must give way to one of a more natural character. In the

1 K^
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Fig Hj6.—Fcnia of the MUldUi Ctxd Formation.

V::

A, Odontopteris subcuneata (after Bunbtiry).

B, Neuropteris cordnta do.

C, Alethoptcrls lonchitica.

D, Dictyopteris obliqua (after Bunbtiry).

E, PhyllopteriB antiqiia, mag. (£>) Nat. size.

F, Neuropteris cyclopteroides.

(For other species see Figs, 69 to 72.)
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menntitno tlio piincipal genera, of wliich representatives have been

found in Aciulia, are the following (Figs. 166, 167, and Figs. 69 to

72):—
1. Cydnptcris, Brongn.—Leaflets more or less rounded, or wedge-

shaped, without midrib, the nerves spreading from the point of at-

tachment. This group includes a great variety of fronds evidently of

different 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. Neitropteris, Brongn.— Fronds pinnated, and with the leaflets

narrowed at the base ; midrib often not distinct, and disappearing

toward the apex. Nervures equal, and rising at an acute angle.

Ferns of this type are among the most abundant in the Coal formation.

3. Odontopteris, Brongn.—In these the frond is pinnate, and the

leaflets are attached by their whole base, with the nerves either pro-

ceeding wholly from the base, or in part from an indi.stinct midrib,

which soon divides into nervures.

4. Z)/c/^o/)/em,Gutbier.—This is a beautiful style of fern, withleaflets

resembling those of Ncuropteris, but the veins arranged in a network

of oval spaces. Only one species is known in our Coal formation.

5. Lonchopferis, Brongn.—Ferns with netted veins like the above,

but with a distinct midrib, and the leaflets attached by the whole base.

Of this also we can boast but a single species.

6. Sphenopteris, Brongn.—These are elegant ferns, very numerous

in species, and most difficult to discriminate. Their most distinctive

characters are leaflets narrowed at the base, often lobed, and with

nervures dividing in a pinnate manner from the base.

7. Pliyllopteris, Brongn.—These are pinnate, with long lanceolate

pinnules, having a strong and well defined midrib, and nerves pro-

ceeding from it very obliquely, and dividing as they proceed toward

the margin. The ferns of this genus are for the most part found in

formations more recent tlian the Carboniferous ; but I have referred to

it, with some doubt, one of our species.

8. Alethopteris, Brongn.—This genus includes many of the most

common Coal formation ferns, especially the ubiquitous A. lonchitica,,

which seems to have been the common brake of the Cool formation,

corresponding to Pleris aquilina in modern Europe and America.

These are brake-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

nervures run off from it nearly at right angles. In some of these ferns

the fructification is known to have been marginal, as in Fteris.
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Pig. 167.— 2Ve(! Ferns.

A, ilegaphyton magnijicum, restored. B', Row of Leaf-scnrs, reduced.

B, Leaf-Bi;ar of the same, § nat. size. C, Palteopteris Harttii, scars half nitt. size.

1), Palieoptcria Acadica, scars half nat. size.

m I
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9. Pecopterk, IJioiign.—This genus is intermediate between the last

and Xeiirupfcris. The leaflets arc attached by the whole base, but

not usually attached to each other; the midrib, though slender, attains

to the summit; the ncrvures are given off less obli(jucly than in Neu-

ropteris. This genus includes a large number of our most conmion

fossil ferns.

10. JJeinertia, Groci)|)ert.—A genus established by Goeppert for a

curious Pecoptcris-likc fern, with flexuous branching oblique nervures

becoming parallel to the edge of the frond. I have placed in it, with

some uncertainty, one of our species.

11. Hi/inrnophyllites, Goeppert.—Tlieso arc ferns similar to Sphen-

npferh, but divided at the margin into one-nerved lobes, in the manner

of the modern genus Ilymcnophyllum.

12. Palccopterls, Gcinitz.—This is a genus formed to include certain

trunks of tree ferns with oval transverse scars of leaves.

13. Caulopteris, Lindley and Hutton,—is another genus of fossil

trunks of tree ferns, but with elongate scars of leaves.

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

alternate sears or thick scales, and ordinarily with many aerial roots

grouped round them, as in some modern tree ferns.

15. Megaphyton, Artis.—Includes trunks of tree fcnis 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 (Fig. 1G7). My reasons for regarding them

as ferns are stated in the following extract from a recent paper ;

—

" Their thick f-tems, marked with linear scars and having two rows of

large depressed areoles on the sides, suggest no affinities to any known

plants. They are usually ranked with Lepidodendron and Ulodendron,

but sometimes, and probably with greater reason, are regarded as allied

to tree ferns. At the Joggins a very fine species {M. magnificum)

has been found, and at Sydney a smaller species (M. humilc) ; but

both are rare and not well preserved. If the large scars bore cones

and the smaller bore leaves, then, as I^rongniart 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 aerial roots. Further, the plant

described by Corda as Zippea disticha is evidently a Afegaphyton, and

the structure of that species is plainly that of a tree fern of somewhat

peculiar type. On these grounds I ineUne to the opinion of Geinitz,
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V\K, XM.— I.riiiduikmlru.' corrugalum.

A, ReRtoration.

B, Leaf, nat. bIxp.

C, C'onfi and binncli.

D, Branch and loaves.

K, Varioii'i forms of leaf areoles.

F, PproanBiiim.

O, Scalarifnrm vessel. ma(nilfip<l.

H, I, K, L, M, Bark with leaf-scars.

N, Do. of old stem.

O, Decorticated stem (Knorria).
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arc particularly rare, and L. undulatum is the most common species.

In the Middle Coal formation, L. rimosum, L. dichotoiman, L. elegans,

and L. Picloense arc probably the most common species ; and L. cor-

rugatum is the characteristic LepUlodendron of the Lower Carbonifer-

ous, in which plants of this species seem to be more abundant than

any other vegetable remains whatever.

To the natural history of this well-known genus I have little to add,

except in relation to the changes which take place in its trunk in the

process of growth, and the study of which is important in order to

prevent the undue multiplication of species. These are of three kinds.

In some species the areoles, at first close together, become, in the pro-

cess of the expansion of the stem, separated by intervening spaces of

bark in a perfectly regular manner ; so that in old stems, while widely

separated, they still retain their arrangement, while in young stems

they are quite close to one anothei*. This is the case in L. corrugatuni.

In other species the leaf-scars or areoles increase in size in the old

stems, still retaining their forms and their contiguity to each other.

This is the case in L. undulatum, and generally in those Lepidodendra

which have very large areoles. In these species the continued vitality

of the bark is shown by the occasional production of lateral strobiles

on large branches, in the manner of the modern Red Pine of America.

In other species the areoles neither increase in size nor become regu-

larly separated by growth of the intervening bark ; but in old stems

the bark splits into deep fun-ows, between 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 cracking of

the bark no doubt occurs in very old trunks of the first two types, but

not at all to the same extent. I figure three examples of these pecu-

liarities in mode of growth :

—

Lepidodendvon corrugatum, Dawson.—I give below a description

of this species, and may refer to the figures in Fig. 168 'or further

illusti'ation. I do not know any other species in *Iova Scoti^i.

which has precisely the same habit of growth ; but L. pUcatum

and L. rimosum show a tendency to it. The present species is

exclusively Lower Carboniferous, and occurs on that horjzon in New
Brunswick, in Pennsylvania, and, I believe, also in Ohio ; though the

beds holding it in the latter State have been by some regarded as

Devonian.

L. undulatum, Sternberg.—I think it not improbable that several

closely allied species are included under this name. On the other

hand, all the large areolcd Lepidodendra figured in the books must

have branches with small scars, which in the present state of know-
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Fig. 169.

—

Lcpidodendra of Middle Coal Formation.

A, Branch and loaves of L. Pictocnse, fj uat. size. A-, Liaf. A', Tnij; and leaves, Jj.

A^, Portion of bark, jj. A^, Leaf-scar. A", Hark of old stem furrowed by f;rowth, ij.

A', Cone, 'i.

B, L. personatinn, leafy branch, 3. IV'', Portion of bark, ii. I!^, Areole cnlarf;eJ. 1!', Leaf.

V, L. plieatnni, bnrk of old stem.

1), L. riniosuni, cdd stem witli fiirrow.s. ^.

E, L. Undulatuni, showing fnrrows and scars of concii, j.
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ledge, it is impossible to identify with this species. I suppose that L.

elcgans resembles the present species in its mode of growth, at least

if the large-scarred specimens attributed to it are really of the same

species. L. dichotomum ( = L. Sternbergii) also resembles it to some

extent (Fig. 169, E).

L. Pietoense, Dawson.—This species I described as follows, from

young stems, in my " Synopsis of the Coal-plants of Nova Scotia :
"

—

" Areoles contiguous, pron.inent, separated in young stems by a nar-

row line, long-oval, acuminate ; breadth to length as 1 to 3, or less

;

lower half obliquely wrinkled, especially at one side. Middle line

indistinct. Leaf-scar at upper end of areole, small, triangular, with

traces of three vascular points, nearly confluent. Length of areole

about 0-5 inch."

Additional specimens from Sydney show that in old trunks of this

species the areoles do not enlarge, but the bark becomes split into

strips. I have reason to think that a new species from Nova Scotia,

which I shall describe in the sequel, L. personatum, agrees with it in

this respect (Fig. 169, A, B).

The Lepidodcndra losemble each other too closely to admit of good

sub-generic distinction. The grounds on which the distinction of

Sagcnaria and Aspidiaria is founded arc quite worthless, the apparent

position of the vascular scars in the areoles depending on accidents of

preservation much more than on original differences. The genus Knor-

ria includes many peculiar conditions of decorticated Lepidodcndra.

In regard to the accumulation of coal, Lepidodcndra, when present,

appear under the same conditions with Sigillarice, the outer bark being

converted into shining coal, and the scalariform axis appearing as

mineral charcoal of a more loose and powdery quality than that

derived from Sigillaria. On the planes of lamination of the coal the

furrowed bark of old trunks can scarcely be distinguished from that

of old Sigillarice (Fig. 170, B, C).

2. Lepidophloios.—Under this generic name, established by Stern-

berg, I propose to include those Lycopodiaccous trees of the Coal

measures which have thick branches, transversely elongated leaf-

scars, each with three vascular points and placed on elevated or

scale-like protuberances, long one-nerved leaves, and large lateral

strobiles in vertical rows or spirally disposed. Their structure

resembles that of Lepidodendron, consisting of a Stcrnbergia 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 outer bark, having some elongated cells or bast

tissue on its inner side.
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Fig. no,— Lepidodmdron and Lejndophhios.

A, Lcpidodendron decurtatum ; A', aroole onlttrgeil.

B, Lcpidodendron, old bark.

C, Lcpidodendron, old bark, of another species.

D, Lepidophloios tetragonu.s, ij. 1)', Areole.

E, Lepidophloios platystignia, rf. K', Areole.

F, Lepidophloios platystignia, i, differently preserved. F', Areole.

G, Lepidophloios parvus, S- fi', Leaves, 3. G^, Part of leaf. G', Areole, natural size.
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Regarding L. larlcinum of Sternberg a.s the type of the genus, aiul

taking in connexion witli tliis tlie species described by Goldcnbcrg,

and my own observations on numerous specimens found in Nova

Scotia, I have no doubt that Lomatophloios crassicaitlis of Corda, and

other species of that genus described by Goldcnbcrg, Ulodcndron and

Bothrodendron of Lindley, Lepidodendron ornatissimum of Brong-

niart, and Halonia punctata of Gcinitz, all belong to this f nis, and

differ from each other only in conditions of growth and \ :rvation.

Several of the species of Lepidoslrubus and Lepidophyllum also

belong to Lcpidophloius.

The species of Lopidophloios are readily distinguished from Lepi-

dodendron by the form of the arooles, and by the round scars on the

stem, which usually mark the insertion of the strobiles, though in

barren stems they may also have produced branches ; still the fact of

my finding the strobiles in situ in one instance, the accurate resem-

blance which the scars bear to those left by the cones of the Red Pine

when borne on thick branches, and the actual impressions of the

radiating scales in some specimens, leave no doubt in my mind that

they are usually the marks of cones ; and the great size of the cones

of Lepidophloios accords with this conclusion.

The species of Lepidophloios arc 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 scaly character of the bark when other charac-

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 midrib.

I figure, in illustration of the genus, all the parts known to me of

L. Acadiaiius, and characteristic specimens of other species. One of

these, L. parvus, is characteristic of the Upper Coal formation.
(
J'ide

Figs. 170, 171.)

3. Cordaites or rychnopliyllum.—This plant is represented in the

Coal formation chiefly by its broad striated leaves, which are

extremely abundant in the coal and its associated shales. Some thin

coals are indeed almost entirely composed of them. The most com-

mon species is C. horassifolia, a plant which Corda has shown to

have a simple stem with a slender axis of scalariform vessels resem-

bling that of Lepidophloios; for this reason, notwithstanding the

broad and parallel-veined leaves, I regard this genus as belonging

to Lycopodiacece, or some allied family. It must have been extremely

abundant in the Carboniferous swamps ; and, from the frequency of

m
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Fig. 171.

—

Lepitlophloioa Acadianua.

457

A, Restoration.

B, Portion of bark, § natural size,

C, Lij^neous surface of the same.

1), Lower side of a Ijrancli, witli scars of cones

U, Upper side of tiie same.

F, Cone, ij,

Ct, Leaf, natural size.

H, Cross section of stem, reduced.

I, Portion of tlie same, nnt. size, shnwinp; (n)

pith, {h) cylinder of scalarifurm vessels,

(c) inner bavlt.

K, Portion of woody cylinder, showing outer

and inner series of vessels nia^^nilied.

L, Scalariform vessels, highly magnified.

M, VuriouB foi'ms of leaf scars, natural size.
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Fig. 172.

—

Cordaitea and Diphtegitim.

. ft ,
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its being covered with Spirorhis, I think it must cither have been of

more aquatic habit than most of the other plants of the Coal forma-

tion, or that its leaves must have been very durable. While the

leaves are abundant, the stems are very rare. I infer that they were

usually low and succulent. Much of the tissue found in the coal,

which I have called " epidermal," probably belongs to leaves of

Cvrdaites (Fig. 172).

In the Upper Coal formation there is a second species, distinguished

by its simple and uniform venation. This I have named C. simplex.

4. Sporangites.—To avoid the confusion which eiivelopcs the clas-

sification of Carpolites, I have used the above name for rounded spore-

cases of Lepidochmdron and allied plants, which are very frequent

in the coal. A smooth round species like a mustard-seed is exces-

sively abundant in the Lower Carboniferous at Horton, and probably

belongs to Lepidodendron corriigaluin, with which it is associated.

A species covered with papilliv, S. papillata, constitutes nearly the

whole of some layers in coal 12, group xix. of the Joggins section.

I have no indication as to the plant to which it may belong, except

that it is associated with Cordaites (Fig. 173, L).

Fruits, Flowers, etc.

1

.

Antholithes, Brongn.—Spikes of fruits protected by bracts, and

mIucIi I believe to have been produced by Sigillarioid trees (Fig.

173, A, B, C).

2. Tvigonucarpum., Brongn.—Nut-like fruits, often three or six

angled ; with a structure akin to those of Pines and Cycads. I

believe most of them to have belonged to Sigillaria^ some possibly to

conifers (Fig. 173, D, E, F, and Fig. 174).

3. Rhabdocarpus, Goeppert and Brongn.—Oval fruits with striated

sides, often of large size, but of uncertain affinities (Fig. 173, G).

4. Cnrdiocarpum, Brongn.—Fringed or margined fruits resembling

Samaras of elms. Their precise origin is unknown. They may have

belonged to upland trees, of which we have no other evidence in the coal

swamps. It is to be observed, however, that in books of fossil botany,

many organisms, which arc pi'obably spore-cases of Lipidodendra or

allied plants, arc confounded with true Cardiocarpa (Fig. 173, I, K).

With the exception of a few other genera based on parts of plants,

like Cyperites and Stigmaria, and two specimens referred to Noeg-

gerafhia (Fig. 73), and Diplotegium (Fig. 172, B), genera of uncer-

tain affinities, the above will Include all the plants that have as yet

been found in our Coal formation ; and they are the characteristic

geuera of the Carboniferous period throughout the world.

m
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Fig. 173.—Flowers and Fruits—Coa\ Formation.

' Ut

A, Antholithos sqimmosua, §.

B, A. rhabdocarpl, §. D', Carpel restored.

C, A. spinosus, natural size.

U, Trigonocarpiim intermedium.

E, T. Na-ggerathii.

F, T. avellanum.

G, lUiabdocai-puB insignis, reduced,

n, AntlioUtlics pygmiEua.

I, Cardiocarpum fluitans.

K, Cardiocarpum bisectum.

L, Sporangites papillata, nat. size and mag.



THE FLORA OP THE COAL FOUMATION. 4GI

Fig. 17-1,

—

Trigonocarpum Ilookeri, Dawson; from the Coal measures of Capo Breton.

d

A, Broken specinien mngnifled twice natural size.

B, Section miiKniliod ; a, tlio tosta; h, tlie tegmen; c, tho nucleus; and d, the embryo.

C, Portion of tliu Kurface of tlie inner coat more iiiglily magnified.

Tis3UF.3 OP Plants preserved in the Coal.

This subject has occupied much of my leisure time for some years,

and I have published the results of an extensive series of experiments

and observations on the Coals of Pictou and Sydney, in a paper on

the " Vegetable Structures in Coal," in the Journal of the Geological

Society of London, February 1860; and a still more extended series

on the numerous coals of the South Joggins, in my memoir on the

'* Conditions of Deposition of Coal," December 18G5. I give here a

summary of results of these inquiries.

The direct investigation of the tissues preserved in coal has been

pursued to some extent by Witham, llutton, Goeppert, Brongniart,

Bailey, Ilookei", Quekett, Ilarkncss, and others. Two difficulties,

however, have impeded this investigation, and have in some degree

prevented the attainment of reliable results. One of these is the

intractable character of the material as a microscopic object; the
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other, the want of sufficient information in regard to the structures of

the plants known by impressions of tlicir external forms in the \mh
of the Coal formation. Perplexed by the uncertain and contradictory

statements arising from these difficulties, and impressed with the

conviction that the coal itself might be made more fully to reveal its

own origin, I have for a long time been engaged in experiments

and observations with this object, and believe that I can offer dcifiiiitc

and certain results in so far as relates to the particular coals examined,

and, I have no doubt, with some slight modifications, to all the

ordinary coals of the true Coal measures.

In ordinary bituminous coal, we recognise by the unassisted eye

laminas of a compact and more or less lustrous appearance, separated

by uneven films and layers of fibrous anthracite or of mineral charcoal,

and these two kinds of coal demand a separate consideration.

The substance known by the very appropriate name of " mineral

charcoal," consists of fragments of prosenchymatous and vasiform

tissues in a carbonized state, somewhat flattened by pressure, and

more or less impregnated with bituminous and mineral matters

derived from the surrounding mass. We cannot suppose that this

substance has escaped complete bituminization on account of its

original constitution ; for we have abundant evidence that this change

has passed upon similar material in various geological periods. A
substance so intimately intermixed with the ordinary coal cannot be

accounted for by the supposition of forest conflagrations or the action

of subterranean heat. The only satisfactory explanation of its occur-

rence is that afforded by the chemical changes experienced by woody

matter decaying in the presence of air, in the manner so well ilhis-

trated by Liebig. In such circumstances, wood parts with its hydro-

gen and oxygen and a portion of its carbon, in the forms of w.ater and

carbonic acid ; and, as the ultimate result, a skeleton of nearly pure

charcoal, retaining the form and structure of the wood, remains. In

the putrefaction of wood under water, or imbedded in aqueous

deposits, a very diffierent change occurs, in which the principal loss

consists of cai'bon and oxygen ; and the resulting coaly product eon-

tains proportionally more hydrogen than the original wood. This is

the condition of the compact bituminous coal. This last may, by the

action of heat, or by long exposure to air and wiiter, lose its hydrogen

in the form of hydro-carbons, and be converted into anthracite. In

all the ordinary coals we have the products, more or less, of all these

processes. The mineral charcoal results from subaerial decay, the

compact coal from subaqueous putrefaction, more or less modified by

heat and exposure to air. As Dr Newberry has very well shown, in

1;!
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coals like canncl-coals, which have been formed wholly under sub-

aqueous conditions, the mineral charcoal is deficient.*

A consideration of the decay of vegetable matter In modern swamps

and forests shows tliat all kinds of tissues arc not, under ordinary cir-

cumstances, susceptible of the sort of carbonization which we find in

the mineral charcoal. Hucculcnt and lax parenchynuitous tissues

decay too rapidly and completely. The bark of trees very long resists

decay, and, where any deposition is proceeding, is likely to be im-

bedded unchanged. It is the woody structure, and especially the

harder and more durable wood, that, becoming carbonized and split-

ting along the medullary rays and lines of growth, affords sucli frag-

ments as those which we find scattered over the surfaces of the coal.-J-

Thesc facts would lead us to infer that mineral charcoal represents

the woody debris of trees subjected to subaerial decay, and that the

bark of these trees sliould appear as compact coal along with such

woody or herbaceous matters as might be imbedded or submerged

before decay had time to take place.

My method of preparing the mineral charcoal for examination was

an improvement on the "nitric-acid" process of previous observers,

and the results gave very perfect examples of the disc-bearing tissue

restricted in the modern world to conifers and cycads, but which

existed also in the Sigillarice of the Coal period. With this were

scalariform vessels, like those of ferns and club mosses, and several

other kinds of woody tissue. On careful comparison, it was found

that all these tissues migiit be referred to the following genera of

plants common in the Coal measures: tSigillaria, including Sliffinaria,

Calamites, Dadoxylon, and other conifers, Lepidodendron, Uloden-

dron, ferns, and possibly some other less known plants. Another

form of tissue observed was a large spiral vessel, possibly belonging

to some endogenous plant. The perfect state of preservation of these

tissues may be inferred from the following figures, selected from

those prepared for my paper (Fig. 175).

I shall first notice in detail the structures preserved in the layers

of shining compact coal, and afterwards those found in the mineral

charcoal.

I. The compact coal, constituting a far larger proportion of the

mass than the "mineral charcoal," consists either of lustrous con-

choidal cherry or pitch coal,—of less lustrous slate cual, with fiat

* American Journal of Science. See also Ooeppert, " Abhandlung uber Stein-

kolilen ;
" also a paper by tlie author, " Ou Fossils from Nova Scotia," Quart. Journ.

Geol. Soc. 1846.

t See paper of 1846, previously cited.
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In the coai they arc, so to speak, fused into a homogeneous mass.

5. The phenomena of erect forests explain to some extent tho

maimer in wliicii laycu's of compact coal and mineral clmicoal may
result from tho accumulation of trunks of trees in situ. In tho

sections at the Houlli .loggins, the usual state of preservation of

erect isig'dlaruv is that of easts in sandstone, enelostd by a thin

layer of bark converted into compact, caking, bituminous coal, whilo

the remains of the woody matter may bo found in tho bottom of tho

cast in tho state of mineral charcoal. In other cases the bark ban

fallen in, and all that remains to indicate the place of a tree is . 'ittlo

pile of mineral charcoal, with strips of bark converted into en "-t

coal. Lastly, a scries of such remains of stumi)s, with flatteiuul

of prostrate trunks, may constitute a rudimentary bed of coal, inf '

of which exist in the Joggins section. In short, a single trunk of

SlgUlaria in an erect forest presents an epitome of a coal-seam. Its

roots represent the Stigmaria nnderclay ; its bark the compact coal

;

its woody axis the mineral charcoal ; its fallen leaves, 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 coal, in show-

ing the especial suitableness of this kind of tissue for the production

of the purer compact coals. It is also jjrobable that the comparative

impermeability of bark to mineral infiltration is of importance in this

respect, enabling this material to remain unaflccted by causes which

have filled those layers consisting of herbaceous materials and decayed

wood, with earthy matter, pyrites, etc.

6. Tho microscopic structure of the purer varieties of compact coal

accords with that of the bark of Sigillaria. The compact coals are

capable of affording very little true structure. Their cell-walls have

been pressed close together ; and ])seudo-cellular structures have

arisen from molecular action and the segregation of bituminous

matter. Most of the structures which have been figured by micro-

scopists are of this last character, or at the utmost are cell-structures

masked by concretionary action, pressure, and decay. Ilutton, bow-

ever, appears to have ascertained a truly cellular tissue in this kind of

coal. Goeppert also has figured parenchymatous and perhaps bast-

tissues obtained from its incineration. By acting on it with nitric
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acid, I have found that the structures remaining both in the histrous

compact coals and in the bark of SigillaricB are parenchymatous cells

and fibrous cells, probably bast-fibres.

7. I by no means desire to maintain that all portions of the coal-

scams not in the state of mineral charcoal consist of curtical tissues.

Quantities of herbaceous plants, leaves, etc., are also present, especially

in tlie coarpi'r coals ; and some small scams ii]»pear to consist entirely of

such material,—for instance, of the leaves of Cordaites or Poaches. I

would also observe that, though in the roof-shales and other associated

beds it is usually only the cortical layer of trees that appears as compact

bituminous coal, yet I have found specimens which show that in the

coal-seams themselves true woody tissues have sometimes been im-

bedded unchanged, and converted into stmctureless coal, forming,

like the coniferous trees converted into jet in more modem for-

mations, thin b.ands of very pure bituminous material. The pro-

portion of woody matter in this state differs in different coals, and

is probably greatest in those which show the least mineral char-

coal ; but the alteration which it has undergone renders it almost

impossible to distinguish it from the flattened bark, which in all

ordinary cases is much more abundant.

II. In the mineral charcoal, which affords the greater part of the

material showing distinct vegetable structures, the following kinds

of tissue are those ordinarily observed :

—

a. Bast tissue, or elongated cells from the liber or inner bark of

Sigillariro a7id Lepidodendron, but especially of the former.— This

kind of tissue is abundant in a calcified state in the shales associated

with the coals, and also as mineral charcoal in the coals themselves,

and in the interior of erect Sigillarice. It is the kind of tissue figured

by Brongniart as the inner layer of bark in Sigillaria elegans, and very

well described by Binney (Quart. Journ. Geol. Soc. vol. xviii.y ao

" elongated tissue or utricles." Under the microscope many spcci. . i^

of it closely resemble the imperfect bast tissue of the inner L.uk i.i

Pinus strobus and Thuja occidcntalis ; and like this it seems to Iiavi

been at once tough and durable, remaining in fibrous strips aftc*

the woody tissues had decayed. It is extremely abundant at tlif.

Joggins in the mineral charcoal of the smaller coal-seams. It is

often associated with films of structureh'ss coal, wliicli represent

the dense cellular outer bark which, in the trunk of Sigillaria, not

only surrounded this tissue, but was intermixed with it.

b. Vascular bundles of Ferns.—These may be noticed by Si! close

observers of the surfaces of coal, as slender hair-like fibres, sometimes

I
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lying separately, in other cases grouped in bands half an inch or more

in diameter, and embedded in a loose sort of mineral charcoal. When
treated with nitric acid, each bundle resolves itself into a few scalari-

form vessels surrounded with a sheath of woody fibres, often minutely

porous. This structure is precisely that of macerated fern-stipes ; but,

as already stated, there may have been some other coal-plants Avhosc

leaves presented similar bundles. As stated in my former paper " On
the Vegetable Structures in Coal," this kind of tissue is especially

abundant in the coarse and laminated portions of the coal, which we

know on other evidence to have been made up, not of trunks of trees,

but of mixed herbaceous matters (Fig. 175, C).

c. Scalariform vessels.—These are very abundant in the mineral

charcoal, though the coarser kinds have been crushed and broken in

such a manner that they usually appear as mere debris. The sca-

lariform vessels of Lepidodendron, Lcpidophloios, and Stigmnria are

very coarse, and much i-esemble each other. Those of ferns are finer,

and sometimes have a reticulated stmcture. Those of Sigillaria

are much finer, and often have the aspect of wood-cells with trans-

versely elongated pores like those of Cycas. Good examples of

these are figured in the paper already referred to (see also Fig. 175,

A and D).

d. Discigerous wood-cells.—These are the true bordered pores

characteristic of Sigillaria., Calamodendron, and Dadoxylon. In the

tv/o former genera the discs or poies are large and irregularly ar-

ranged, either in one row or several rows ; but in the latter case they

are sometimes regularly alternate and contiguous. In the genus

Dadoxylon they are of smaller size, and always regularly contiguous

in two or more rows, so as to present an hexagonal areolation. Dis-

cigerous structures of Sigillaria and Calamodendron are very abun-

dant in the coal, and numerous examples were figured in my paper

above cited. I have indicated by the name Reticulated Tissue certain

cells or vessels which may either be reticulated scalariform vessels,

or an imperfect fonn of discigerous tissue. I believe tliem to belong

to Stigmaria c • C^^-modendron (Figs. 162 and 175, A.)

e. Epidermal ussiie.—This is a dense cellular tissue representing

the outer integumentJ of various leaves, herbaceous stems, and fruits.

I have ascertained that the structures in question occur in the leaves

and i^aipes of Cordaites and ferns, and in the outer coat of Carpolites

and tporangkes. With this I may include the obscure and tiiick-

wallei i.i;!luli',r tissue of the outer bark of Sigillaria and Lepidoden-

d'"n aid o'.her trees, whicli, though usually consolidated into com-

pafi; co'l, sdrotimes exhibits its structure.



468 THE CARBONIFEROUS SYSTEM.

1 .'i

Ui;!,h

^

i I

I would here emphatically state that all my observations at the

Joggins confirm the conclusion, which I arrived at many years ago

from the study of the coals of Pictou and Sydney, that the layers of

clear shining coal (pitch or cherry coal) are composed of flattened

trunks of trees, and that of these usually the bark alone remains;

further, that the lamination of the coal is due to the superposition of

layers of such flattened trunk., alternating with the accumulations of

vegetable matter of successive years, and occasionally with fine vege-

table muck or mud spread over the surface by rains or by inur. Nations.

In connexion with this, it is to be observed that the density and vn-

permcahiUty of cortical tissues not only enable them to endure after

wood has perished or been resolved into bits of charcoal, but render

them less liable than the wood to mineral infiltration.

Rate of Growth of ^arbui j'roiis Plants.—Very vague statements

pre often made as to the supposad rapid rate of growth of plants in

the Carboniferous period. Piiihaps the most trustworthy facts in

relation to this subject arc those which may be obtained from the

coniferous trees. In some of these (for instance, Dadoxylon hiatfri-

arium, D. amiulatum, and D. antiquius) the rings of growth, which

were no doubt annual, are distinctly marked. On measuring tliese

in a number of specimens, and comparing them with modem species,

I find that they are about equal in dimensions to those of the Balsam

Fir or the Yellow Pine of America. Assuming, therefore, similarity

in habit of growth and extent of foliage to these species, we may infer

that, in regard to coniferous trees, the ordinary conditions of growth

were not dissimilar from those of Eastern America in its temperate

regions at present. When, however, vh ojr^pare the ferns and

Lycopodiacece of the Coal formation With tUos. now growing in

Eastern America, we see, in the m' ! greater dln^cnsions and

luxuriance of the former, evidence >( " m\ ch move moist and

equable climate than that which now sub^^sLs ; so that Ave may
suppose the growth of such plants to have been more rapid than

it is at present. These plants would thus lead us to infer a warm
and insular climate, perhaps influenced by that supposed excess of

carbonic acid in the atmosphere which, as Tyndall and Hunt inform

us, would promote warmth and moisture by impeding terrestrial

radiation. With this would also agree the fact that the conifers

havo woody tissues resembling those of the pine trees of the milder

climates of the southern hemisphere at present.

If we apply these considerations to .^iyitlaria, we may infer that

the conditions of moisture and uniforipity of temperature favourable

to ferns and Lycopodiacece were also favourable to these curious
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plants. They must have been perennial ; and the resemblance of

their trunks to those of Cycads, together with their hard and narrow

leaves, would lead us to infer that their growth must have been very

slow. A similar inference may be drawn from the evidences of very

slow and regular expansion presented by the lower parts of their

stems. On the other hand, the distance, of a foot or more, which

often intervenes between the transverse rows of scars, marking pos-

sibly annual fructification, would indicate a more rapid rate of

growth. Further, it may be inferred, from the structure of their

roots and of their thick inner bark, that these, as in Cycads, were

receptacles for great quantities of starch, and that the lives of these

plants presented alternations of starch-accumulation and of expen-

diture of this in the production of leaves, wood, and abundant inflo-

rescence. They would thus, perhaps for several ywii's, grow veiy

slowly, and then put forth a great mass of fructification, after which

perhaps many of the individuals would die, or again remain for a

long time in an inactive state. This view would, I tliink, very well

harmonize with the structure of these i)lants, and also with the mode
of their entombment in the coal.

From the manner of the association of Calamitcs with erect Siffil-

larice, I infer that the former were, of all the plants of the Coal for-

mation, those of most rapid dissemination and growth. They appear

to have first taken possession of emerging banks of sand and nmd, to

have promoted the accumulation of sediment on inundated areas, and

to have protected the exposed margins of tlie forests of Sig'dhmcc.

In applying any conclusions as to the rate of growth of Carbon-

iferous plants to the accumulation of coal, we must take into account

the probable rate of decay of vegetable matter. When we consider

the probable wetness of the soils on which the plants wliich produced

the coal grew, the density of the forests, and the possible excess of

carbonic acid in the atmosphere of these swamps, avc must be prepared

to admit that, notwithstanding the warmth and humidity, the condi-

tions must have been favourable to the preservation of vegetable

matter. Still the hollow cylinders of bark, the little fragments of

decayed wood in the form of mineral charcoal, and the detached

vascular bundles of ferns, testify to an enormous amount of decay,

and show that, however great the accumulation of coal, it represents

only a fraction of the vegetable matter which was actually produced.

It has been estimated that it would require eight feet of compact

vegetable matter to produce one foot of coal ; but if we reckon

the whole vegetable matter actually produced in the process, I should

suppose that five times that amount would bo far below the truth,
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into sliclls of bark and loose fragments of rotten wood, which currents

wculd necessarily have swept away, but which the most gentle inun-

dations or even heavy rains could scatter in layers over the surface,

where they gradually became imbedded in a mass of roots, fallen

leaves, and herbaceous plants.

" 4. The rate of accumulation of coal was very slow. The climate

of the period, in the northern temperate zone, was of such a character

that tlie time conifers show rings of growth not larger or much less

distinct than those of many of their modern congeners.* The Sigil-

laricc and Calamites were not, as often supposed, composed wholly,

or even principally, of lax and soft tissues, or necessarily short-lived.

The former had, it is true, a very thick inner bark ; but their dense

woody axes, their thick and nearly imperishable outer bark, and their

scanty and rigid foliage, would indicate no very rapid growth or decay.

In the case of S'lgillaricB^ the variations in the leaf-scars in different

parts of the trunk, the intercalation of new ridges at the surface

representing that of new woody wedges in the axis, the transverse

marks left by the stages of upward growth—all indicate that several

years must have been required for the growth of stems of mod-
crate size. The enormous roots of these trees, and the conditions

of the coal-swamps, must have exempted them from the danger of

being overthrown by violence. They probably fell, in successive

generations, from natural decay; and, making every allowance for

other materials, Ave may safely assert that every foot of thickness of

pure bituminous coal implies the quiet growth and fall of at least fifty

generations of SIgillaria;, and therefore an undisturbed condition of

forest-growth enduring through many centuries. Further, there is

evidence that an immense amount of loose parenchymatous tissue, and
even of wood, perished by decay ; and we do not know to what extent

even the most durable tissues may have disappeared in this way ; so

that in many coal-scams we may have only a very small part of the

vegetable matter produced.

" Lastii/, the results stated in this paper refer to coal-beds of the

Middle Coal measures. A few facts which I have observed lead me
to believe that, in the thin seams of the Lower Coal measures, remains

of Cordaites and Lepidodendron are more abundant than in those of

the Middle Coal measures. In the upper Coal measures similar

modifications may be expected."

* Paper on Fossils from Nova Scotia, Quart. Journ. Oeol. Soc. 1847.

hi
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Descriptive List of Carhoniferotts Plants found in Nova Scotia and

New JJrunswick.

This list is, with a few additional species and localities, the same

with that published in my " Synopsis of the Carboniferous Flora

of Nova Scotia," Can. Nat., vol. viii. 1863. It is given here to aid

those who m.ay desire to make collections of these interesting fossils,

and for comparison with the coal flora of other regions.

Dadoxylon, linger.

1. Dadoxylon Acadianum, spec. nov. (Fig. 159, B). Large trees,

usually silicificd or calcified, with very wide wood-cells, having three

or more rows of small hexagonal areoles, each enclosing an oval pore

;

cells of medullary rays one-third of breadth of wood-cells, and con-

sisting of twenty or more rows of cells superimposed in two series.

Rings of growth indistinct. M. C.,* Jogglns, Port Hood, Dorchester

(J. W. D.).

2. D. materiarium, spec. nov. (Fig. 159, C). Wood-cells less wide

than those of the last; two to rarely four vows of hcxagoniii discs.

Medullaiy rays very numerous, with twenty or more rows of cells super-

imposed in one series. Rings of growth slightly marked. Approaclics

in the character of its woody fibre to D. Brandlingii ; but the medul-

lary rays are much longer. Some specimens show a large Sternbergian

pith, with transverse partitions,f Vast numbers oftrunks of this species

occur in some sandstones of the Upper Coal formation. M. and U. C,

.Joggins, Malagash, Pictou, etc. (J. W. D.) ; Glace Bay (II. Poole)

;

Miramichi (G. F. Matthew).

3. D. antiquius, spec. nov. (Fig. 159, D). Wood-cells narrow, thick-

walled, two to three rows of pores. Medullary rays of three or four

series of cells with twenty or more superimposed, nearly as wide as

the wood-cells. Rings of growth visible. This species would belong

to the genus Palceoxylon of Brongniart, and is closely allied to D.

]Vithami, L. and H., which, like it, occurs in the Lower Coal measures.

L. C, Horton (Dr Harding).

4. D. anmdatitm, spec. nov. Wood-cells with two or three rows

of hexagonal discs. Medullary rays of twenty or more rows of

cells superimposed, in two series. Wood divided into distinct

concentric circles, alternating with layers of structureless coal repre-

senting cellular tissue or very dense wood. A stem six inches in dia-

meter has fourteen to sixteen of these rings, and a pyritized pith about

* U. C, M. C, ard L. C, indicate the Upper, Middle, and Lower Coal formations.

t Canadian Naturalist, 1857 (Fig. 160 aujtra).
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one inch in diameter. This is probably gencrically distinct from the

preceding species. M. C, Joggins (Sir W. E. Logan ; J. W. D.).

Araucauites, Unger.

Araucarites gracilis^ spec. nov. (Fig. 159, A). Branches slender, 02
inch in diameter, with scaly, broad leaf-bases. Branchlets pinnate,

numerous, very slender, with small, acute, spirally disposed leaves.

U. C, Tatamagouche (J. W. D.).

SiGiLLAuiA, Brongn.

1. Slgillarla {Favularia) clcgans, Brongn. (Fig. IGl, B). Abundant,

especially in the roofs of coal seams. S, hexagona includes old trunks

of this species. Young branches have scars of an elliptical foi'm like

those of S. Serin. M. C, Joggins (J. W. D.) ; Sydney (R. Brown).

2. S. (Fav.) tessellata, Brongn. M. C, Joggins and Pictou (J. W.
D.) ; Sydney (R. Brown).

.3. S. [Rhytidnlepis) scutellata, Brongn. (Fig. IGl, L, leaf). M. and

U. C, Joggins (Lyell; J. W. D.).

4. S. [Rh.) Schlothcimiana, Brongn. M. C, Joggins (Lyell

;

J. W. D.).

5. S. (lih.) Saullii, Brongn. M. C, Sydney (R. Brown) ; Joggins

(Lyell; J. W. D.).

6. S. Brownii, Dawson (Quart. Journ. Geol. Soc, vol. x.). (Figs.

30 and 161, A). M. C, Joggins (J. W. D.).

7. S. reniformis, Brongn. M. C, Joggins (Lyell ; J. W. D.)

;

Sydney (R. Brown).

8. S. Lcevigata, Brongn. M. C, Sydney (R. Brown) ; Joggins

(J. W. D.).

9. S. plamcosta, spec. nov. (Fig. 161, K). Scars half hexagonal

above, rounded below ; lateral vascular impressions elongate ; central

small, punctiform. Ribs I'l inch broad, smooth externally, longi-

tudinally striated on the ligneous surface. Slight transverse wrinkles

between the scars, which arc distant from each other about an inch.

Allied to S. lcevigata, but with very thin bark. M. C, Sydney (R.

Brown).

10. S. catenoides, spec. nov. (Fig. 161, 1). Cortical surface unknown

;

ligneous surface with puncto-striate ribs 1*1 inch in breadth, and with

single oval scars half an inch long, and an inch distant from centre to

centre. A very large tree. Perhaps, if its cortical surface were

known, it might prove to be a large Syringodendron. M. C, Joggins

(J. Smith) ; Sydney (R. Brown).

\\. S. striata, spec. nov. (Fig. 161, G). Ribs prominent, coarsely
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striate, 0'35 inch wide. Scars nearly as wide as the ribs, rounded, hex-

agonal, one inch distant ; lateral vascular marks narrow, central large.

On the ligneous surface scars single, round, oblong ; bark very thin.

M. C, Joggins (J. W. D.).

12. S. (?) A small erect stem, somewhat like S. Jlexnosa.

M. C, Joggins (J. W. D.).

13. 8. [Clalhraria) Menardi, Brongn. M. C, Sydney (11. Brown),

U. C, Pictou (J. W. D.).

14. S. [Asolanns) Si/dnensis, spec. nov. Ribs obsolete ; cortical

and ligneous surfaces striate ; vascular scars two, elongate longitu-

dinally, and alike on cortical and ligncMus surfaces ; scars 1-1 inch

distant, in rows 0*6 inch distant. Stigmarian roots, same with

variety h oi Stigmaria, as described below. M. C, Sydney (R. Brown).

15. S. organurn, L. and H. M. C, Sydney (R. Brown).

16. S. elongata, Brongn. M. C, Sydney (R. Brown).

17. 8. Jlexuosa, L, and H. M. C, Sydney (R. Brown's list in

"Acadian Geology").

18. S. pachyderma, L. and II. M. C, Sydney (R. Brown's list).

19. S. (Fav.) Bretonensis, spec. nov. (Fig. IGl, F). Like S. tessel-

lata, but areoles more hexagonal, bark thin and smooth on both sides,

and furrow above the scars arcuate and with a central punctiform

elevation. M. C, Sydney (R. Brown).

,20. S. emincm, spec. nov. (Fig. 161, H). Like S. obovata, Lesqx.,

but with narrower ribs, and larger and less distant areoles, each

with a slight groove above. M. C, Sydney (R. Brown).

21. S. Dournaisii, Brongn. M. C, Joggins (J. W. D.).

22. /S. Knorrii, Brongn. M. C, Sydney (R. Brown).

Syringodendron, Brongn.

Obscure specimens, referable to a narrow-ribbed species of this

genus, occur in the Lower Carboniferous beds at Ilorton and Onslow.

Stigmaria, Brongn.

Stigmariaficoides, Brongn. (Fig. 30, d). Under this name I place all

the roots of SigiUaricE occurring in the Carboniferous rocks of Nova

Scotia. They belong, without doubt, to the different species of Sigil-

larioid trees ; but it is at present impossible to determine to which
;

and the specific characters of the Stigmarice themselves are, as might

be anticipated, evanescent and unsatisfactory. Tlie varieties which

occur in Nova Scotia, discarding mere difference of preservation, may
be arrangrJ as follows :

—
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Var. a. Arcolcs large, tlistani; baik more or less smooth. This

is the most common variety, and extends tlirouglioat the Coal for-

mation.

Var. b. Areoles large, separated by waving grooves of the hark.

Var. c. Similar, but ridges as well as furrows between the areoles
;

var. undulata of Gocppert.

Var. d. Areoles small, separated by waving grooves.

Var. e, Areoles moderate, in vertical or diagonal furrows separated

by ridges ; var. Sigillarioides of Gocppert.

Var.yi Areoles small; bark finely netted with wrinkles or stria).

Var. g. Areoles surrounded by radiating marks, giving a star-like

form; var. Stdlata of Gocppert. The only specimen I have seen

was found by I)r Harding in the Lower Carboniferous Coal measures

of Ilorton.

Var. h. Areoles small, or obscure and infrequent. Surface covered

with fine uneven striie. My specimens were collected by Mr Brown
in the Middle Coal measures at Sydney.

Var. /. Arcolcs narrow, elongate, bark smooth or striate.

Var. Tc. Altcrnans, with areoles in double rows on broad ribs sepa-

rated by deep furrows. Probably old furrowed roots.

Var. I. Knorroides, Pi'omiuent bosses or ridges instead of areoles.

These arc imperfectly preserved specimens.

The varieties a, b, c, e, i, have been seen attached to trunks of

SlgiUarice of the group distinguished by broad and prominent ribs

—

SigUlaria proper of the above arrangement. Stiguiariaij like Sigillar/'tv,

are exceedingly abundant in the Middle Coal measures, and are com-

paratively rare in the Lower Carboniferous and newer Coal formations.

Calamodendron, Brongn.

1. Calamodendron approximatiim, Brongn. (Fig. 162). This plant is

evidently quite distinct from Calamites jn'oper. The Calamite-like

cast is a pith or internal cavity, surrounded by a thick cylinder of

woody tissue consisting of scalariform vessels and woody fibres with

one row of round pores; external to this is a bark of cellular and

bast tissue. The structure appears to be allied to that of SigUlaria

and is one of the most common in the beds of bituminous coal. M.

C, Sydney (11. Brown) ; M. C, Joggins, Pictou (J. W. D.) ; Coal

Creek (C. B. Matthew).

2. C. obsciiruyn, spec. nov. This is a Calamite-like fragment

found in a block of Sydney coal, in the state of mineral charcoal.

The external markings arc obscure, but the structure is well preserved.

It differs from the last in having large ducts with many rows of pores,

1:!^

I!

>:i



)otli. This

Coal for-

the bark,

the arcolcs

;

vs separated

3 or strias.

g a star-like

[ have seen

)al measures

face covered

7 Mr Brown

te.

id ribs sepa-

id of avcoles.

to trunks of

incnt ribs

—

ce Siglllaria^

ind arc com-

forinations.

This plant is

lalamite-like

cylinder of

y fibres with

cellular and

of Sigillaria

us coal. M.

D.); Coal

kc fragment

ral charcoal.

;11 preserved,

ows of pores,

THE FLORA OF TUB COAL FOHMATION. 477

or reticulated instead of scalariforin vessels. This irf pcrluvps a Cahi-

mitc. M. C, Sydney (J. W. D.).

Cyperites, L. and II.

Cypcrites (?) These elongate linear leaves liavc two or three

ribs, and tlie central band between the rib.s raised above the margin
;

one species has been seen attached to Sigillaria scutrlluta (I'ig. 101,

L). The leaves of Sigillaria clcgans are diU'erent, being as broad as

the areoles of the stem, and with several parallel veins (Fig. IGl, IJ').

Middle and Upper coals, everywhere.

Antholitues, Brongn.

1. Anthulithes Ithahducarpi, spec. nov. (Fig. 173, B). Stem short,

interruptedly striate, with two rows of crowded ovate fruits, and traces

of floral leaves. Fruits half an inch long, striated longitudinally,

attached by short peduncles. M. C, Grand Lake (C. V. llartt).

2. A. pi/gmceus, spec. nov. (Fig. 173, II). Khachis one-tenth inch

thick, rugose; two rows of opposite flowei's, cacli showing four

lanceolate striate floral leaves, two outer and two inner. M. C,
Joggins (J. W. D.).

3. A. spi)iosus, spec. nov. (Fig. 173, C). Stem one-fourth inch

wide, delicately striate, slightly wrinkled longitudinally, as if by

pressure. Flowers opposite, of ovate striate leaves or scales, and at

base of each a long pointed narrow striate bract or scale. Fruit

apparently an ovate striate nut

—

[llhahdocarpus). Of same type

with A, rhabdocarpi, but with thicker stem, smaller flowers, and

much longer bracts. M. C, Pictou (J. Barnes).

4. A. squamosus, spec. nov. (Fig. 173, A). Khachis thick, coarsely

rugose, with two rows of closely placed cones or scaly fruits. U. C,
Pictou (J. W. D.).

5. A. (?), spec. nov. Indistinct, but apparently different from

those above described. M. C, Joggins (J. W. D.) ; Sydney (R.

Brown).

TniGONOCARPUM, Brongn.

1. Trigonocarpum Hookeri (Fig. 174), Dawson, Quart. Journ. Geol.

Soe., vol. xvii. M. C, Mabou (J. W. D.).

2. T. SigtllaricB, spec. nov. Ovate, one quarter inch long; testa

smooth, or rugose longitudinally, acuminate, two edged. Found in

erect trunks of Sigillarios in large numbers. M. C, Joggins (J.

W. D.).

I %
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3. T. inlc.rmedium, Bpcc. nov. (Fig. 173, D). Allied to T. olirn;-

fitrnm, but larger and more clongiitod. M. t!., .loggins (.1. W. D.).

4. T. avfUannm, i^\w,c, nov. (Tig. 17H, V). Allied to 7'. ovntnm,

L. and 11. ;
tliree-rihbed, size and form of u filbert. M. C, Joggius

(J. W. I).); Sydney (' " >\vm).

5. T. minus, spec, no .ialf the .size of T. Jlookeri, and similar in

form. M. C, Juggins (J. W. D.).

6. T. rnhindiiiii, spoe. nov. Small, round-ovate, slightly pointed.

M. C, Joggins (.J. W. D.).

7. T. Aa-f/yrrathi, nrongu. (Fig. 173, E). Newer Coal formation,

Pictou (J. VV. 1).).

UiiAnnocAHi'us, Goepp. and Tlergm.

1. Rhnhdocarpns (?), spec. nov. Ovate acuminate, less than

half an inch long. M. C, Joggins (.J. W. J).).

2. R. insifjiiis, spec. nov. (Fig. 173, G). 1-5 indi long, ovate, smooth,

with about seven ribs on one side, and the intervening surface ob-

scurely striate. The nature of this fossil is perhaps doubtful; but if

a Iruit, it is the largest J have seen in the Coal formation. U. C,

Pictou (J. W. D.).

MITK.S, Suckow.

1. Calamites Suckovii, IJrongn. (Figs. 39 and 163, A). This

species is one of the most common in an erect position. It has

verticillatc branchlets, with pinnate linear leaflets. M. C, Sydney (R.

Brown); Joggins (Lycll; J. W. D.); Grand Lake and Springhill

(C. F. Ilartt) ; U. C, Pictou (J. W. D.) ; Coal Creek (C. B. Matthew).

2. a Cktu, Brongn. (Fig. 1G3, B). M. C, Joggins (J. W. D.)

;

Sydney (R. Brown); Grand Lake (C. F. llartt) ; Bay de Chalenr

(Logan) ; Coal Creek (C. B. Matthew). Often found erect. Its leaves

are vorticillate, simple linear, striate, apparently one-nerved, and three

inches long.

3. C. canncvfurmis, Brcmgn. M. C, Joggins (Lyell ; J. W. D.)

;

Sydney (It. Brown).

4. C. ramosus, Artis. Possibly a variety of C. Siickovii. M. C,

Joggins (J. W. D.)j Sydney (R. Brown).

5. C. Voltzii, Brongn. (Fig. 37). (C. irregularis, L. and II.) M.

C, Joggins (J. W. D). Often erect ; has large irregular adventitious

roots. This species is regarded by Brongniart as prubably belonging

to Calamodendron.

6. C. dubius, Artis. M. C, Sydney (R. Brown) ; Joggins (J. W.
D. ; Logan) ; U. C, Pictou (J. W. D.).

J|S
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7. C, Xova-Sr.olica, Hpee. iiov. M. ('., .FitgRiuM (.J. W. I).). Hih.s

cqiiiil, less tliuii a line; wido, striiitcfl lungitiuliiiiilly. .Inints ob.scun'ly

imirkcd, and with circular aruolea separated by the brendtii of three to

luiir ribs. J lark of modeniti' tiiickne.ss.

8. C. nodosus, Schlotli. (Tig. 103, ('), Tiiis .sj)Ct'ics has long slender

l)ranchletH, with chiso wliurls of .short rigid leaveei. M. C, Sydney

(li. llrown); (irand Lake (C. R llartt).

9. C. orenaccus (?), Jiiger. Tiiis species is mentioned with doubt

in Lyell's list.

EyuisivriTES, Sternberg.

Equisetitcs curta, spec. nov. (Fig. IG t). Sliori thick stems, enlarging

upward, and truncate above; joints nunnu'ous; sheaths as long as

the joints, with unequal ac\nninate keeled points. Lateral branches

or fruit with longer leaf-like points. 1 las tlie characters of I'^quitietiti'S ;

but its affinities arc quite uncertain. M. C, Sydney (U. Brown).

AsTKKoiMiYi.i.iTKS, Urougn.

1. A':ropht/lliles fuliosa, L. and II. M. C, Joggins (,J. W. D.)

;

Sydney (U. Brown). SpringhiU (C. 1\ llartt).

2. A. grandis, Sternberg (?). The specimens resemble this species,

but are not certaiidy the same. Logan's specimens have terminal

spikes of fructification. M. C, (Irand Lake (0. F. llartt) ; Bay do

Chaleur (Logan); Sydney (Bunbury). Springhill (C. F. llartt).

3. AsferophjUitcs, s]>. A species with tubercles (fruit) in the axils

is mentioned in Lyell's list as from Sydney. I have not seen it, but

have a specimen from Mr Brown similar to A. tubcrculata, Sternberg,

which may be the same.

4. A. trinervis, spec. nov. (Fig. 165, A). Main stem smooth,

delicately striate, with leaves at the nodes. Branches delicately

striate, with numerous whorls of linear nearly straight leaves, 0'5 inch

long, twenty or more in a whorl, and .showing two lateral nerves in

addition to the median nerve. M. C, Sydney (R. Brown).

5. AsterophylUtes [Bechera) curta, spec. nov. Stems thin, coarsely

ribbed. Internodcs about a line long. Nodes with whorls of .short

linear leaves, nearly at right angles to the stem, which bifurcates at

very obtuse angles. M, C, Pictou (J. Barnes, Esq.) This peculiar

species is of the type of j4. grandis, and belongs to the section Bechera

of Sternberg; plants which, at least in habit of growth, are certainly

different from ordinary AsterophylUtes.

Annulakia, Sternberg.

' 1. Annularia sphenophylloidcs, Zenker (Fig. 165, B). M. C,

Jfejf

h

Mm' A,.

% >.!

mM'A



I 1

480 THE CARBONIFEROUS SYSTEM.

Grand Lake (C. F. Hartt) ; U. C, Pictou (J. W. D.) ; Bay de

Clialeur (Logan) ; Sydney (R. Brown).

2. A. equisetiformis, L. and H. M. C, Sydney (R. Brown);

Pictou (J. W. D.).

Spiienophyllum, Brongn.

1. Sphenophyllum emarjinatum, Brongn. M. C, Sydney (R.

Brown); Grand Lake (C.F. Hartt); Bay do Clialeur (Logan) ; Pictou

(J. W. D.).

2. S. longifoUum^ Germar. U. C, Pictou (J. W. D.) ; M. C, Sydney

(R. Brown).

3. S. saxifraff/folium, Sternberg. Elongate much-forked variety,

closely allied to S. bifurcatum, Lcsquereux. Bay de Clialeur

(Logan).

4. S. Schlothcimil, Brongn. M. C, Sydney (Bunbury).

5. S. erositm, L. and H. M. C, Sydney (Bunbury) (Fig. 165, C).

The last two species are regarded by Geinitz as varieties of S.

emarginatum. A specimen of the last-named spf»p,ies in Sir William

Logan's collection shows a woody jointed stem like that of Asierophjl-

lites, giving oiF branches at the joints ; these again branch and bear

whorls of loaves. The stem shows under the microscope a single

bundle of reticulated or scalariform vessels like those of some ferns,

and also like those of Tniesiptcris, as figured by Brongnlart. This

settles the affinities of these plants as being with ferns or with Lyco-

podiacecc, rather than with EquisetacecE, as at p. 144 above.

PiNNULARiA, L. and IL

1. P'mnularia capillacea, L. and H. M. C, Sydney (R. Browi).

2. P. Ramosisslma, spec. nov. (Fig. 165, D). More slender and

ramose than the last. M. C, Joggins (J. W. D.).

3. P. crassa, spec. nov. Branching like P. capillacea, but much
stronger and coarser. L. C, Ilorton (C. F. Ilartt). All these are

apparently branching fibrous roots, of soft cellular tissue with a thin

epidermis and slender vascular axis. Perhaps they are roots of

AstcrophylUtcs.

Genus NfEGGERATiiiA, Sternberg.

1. Nceffgerathia clispar, spec. nov. (Fig. 73). A remarkable frag-

ment of a Icfif, with a petiole nearly three inches long, and a fourth

of an inch wide, spreading abruptly into a lamina, one side of which

is much broader than the other, and with parallel veins running up

directly from the margin as from a marginal rib. It appears to be
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a new species ; but of what affiuities, it is impossible to decide. Bay
de Chaleur (Sir W. E. Logan).

2. N. flabdlata, L. and II. ^I. C, Sydney (R. Brown).

Cycloptekis, Brongn.

(including Cyclopteris proper, and subgenera Anci'ymtes, Daws., and

Neuropteris, Brongu. in part).

1. Cyclopteris heterophylla, Goe^jpert, M, C. and U. C, Joggins

(J. W. U.).

2. C. [Aneimttes) Acadica, Dawson, Quart. Joum. Geol. Soc, vol.

xvii. p. 5 (Fig. 75). Stipe large, striate, branching dichotomously

several times. Pinna; with several broadly obovate pinnules grouped

at the end of a slender petiolule, and with dichotomous radiating veins.

Fertile pinna; with recurved petiolulcs, and borne on the divisions of

the main petiole near their origin. This plant might be placed in the

genus Ad/'antitcs, Brongn., but for the fructification, which allies it

with such ferns as Aneiinia. ^t has a very large frond, the main

petiole being sometimes three inches in diameter, and two feet long

before branching. Flattened petioles have sometimes been mistaken

for Cordaites and Schizojiteris. It is a chai'acterlstic plant of the

Lower Coal measures. L. C, Ilorton (C. F. Ilaitt); Norton Creek,

N.B. (G. F. Matthew).

3. C. oblo7igifolia, Goeppcrt. A little larger and coarser than

Goeppert's figure. U. C, Pictou (.1. \V. D.).

4. C. {NeuropU'.ris) obliqua, Brongn. M. C, Sydney (R. Brown)

;

Grand Lake (C. F. Ilartt).

5. C. if Neuropteris) ingens, L. and II. M. C, Sydney (R. Brown);

Grand Lake and Springhill (C. F. Ilartt).

6. C. oblata, L. and II. M. C, Sydney (R. Brown).

7. C.Jimbriata, Lesquereux. INI. C, Sydney (R. Brown).

8. C. hispida, spec. nov. Pinnate; pinnules obovate, diminish-

ing in size towards the point, decurrent on the petiole ; veins slender,

distant, forking several times ; under surface covered with stiff hairs.

M. C, Sydney (R. Brown).

9. C. aniiqua, spec. nov. L. C, (?) Herbert River (J. W. D).

Tripinnate; petioles slender; pinnules oblong, obtuse, decurrent

on the petiole, not contiguous. Tcnninal pinnules much elongated

;

venation simple, divergent. This plant ai)proaclics more nearly to

the peculiar species of Cyclopteris found in the Devonian, than any

of the others I have seen in the Carboniferous.

m
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2. 0. subcuneata, Bimbuiy (Fig. 166, A). M. C, Sydney (11.

Brown).

DiCTYOPTERIS, Giitb

Dictyopteris obliqua, Bunbury (Fig. 166, D). M. C, Sydney (R.

Brown).

LONCHOPTKRIS, BroHgn.

Lonchopteris tenuis, spec, nov. Pinnate or biplnnatc
;

pinnules

contiguous at tlic base, nearly at right angles to petiole, oblong

elongate, obtuse. Network of veins very del! "ate. Allied to L.

Dricii, Bi'ongn., but with smaller, more elongate pinnules and

finer veins. I suspect this to be a thick-leaved Fecoptcis, showing

a coarse cellular reticulation on the upper surface. M. C, Sydney

(R. Brown).

Spiienopteius, Brongii.

1. Sphenoptcris munda, spec. nov. (Fig. 6'J). Like S, Dubuis-

sonii, Brongn., or S. irregidaris, Sternberg, in habit; but '''O pinnules

are obovate, decurrent, and few-veined. M. C, Grand Lake and

Springhill (C. F. Ilartt).

2. S. hymenophjlloides, Brongn. M. C, Sydney (R. Brown) ; U.

C, Joggins (J. W. D.).

3. *S. latior, spec. nov. (Fig. 70). Petiole forking at an obtuse

angle, slender, tortuous ; divisions bipinnate
;

pinnm with broad,

rounded, confluent pinnules ; veins twice forked, with sori in the forks

of the veins. In habit like »S. lafifoUa, Brongn., S. Newberryi, and *Si.

squamosa, Lesq. M. C, Grand Lake and Springhill (C. F. Hartt)

;

U. C, Pictou (J. W. D.).

4. S. declpiens, Lesqucrcux, M, C, Sydney (R. Brown).

5. S. gracilis, Brongn. M. C, Joggins. (J. W. D.) ; Grand Lake

(C. F. llartt).

6. S. artemisiafolia, Brongn. M. C. Grand Lake, Springhill (C.

F. Hartt) ; Sydney (R. Brown).

7. S. Canadensis, spec. nov. (Fig. 71). General aspect like *S'.

Hoeninghausi, but secondary pinnules with a margined petiole, and

oblong pinnules divided into three to five obtuse points. It is not

unlike S. rnarginata, from the Devonian of St. John. Bay de Chaleur

(Logan); Sydney? (R. Brown).

8. S. Lesqaercuxii, Newberry. M. C, Sydney (R, Brown).

9. S. microloba, Guttbier. M. C, Sydney (R. Brown).

10. S. obtusiloba {?), Brongn. M. C, Bay de Chaleur (Logan).
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2. P. abbreviata, Brongn. M. C, Sydney (R. Brown) ; Salmon

River, U. C, Pictou (J. W. D.). Very common both in the Uiipcr

and Middle Coal formations.

3. P. rigida, spec. nov. Similar to P. arborescens, but much smaller,

and with finer nerves. U. C, Pictou (J. W. D.).

4. P. unita, Brongn. Certain pinnules of a frond are sometimes

swollen as if covered with fructification below; and in this state they

resemble P. argida, Brongn. The sori are seen in other specimens,

and are large, round, and covered with an indusium as in Aspidium.

M. C, Sydney (R. Brown) ; U. C, Pictou (J. W. D.).

5. P. plumosa, Brongn, M. C, Sydney (R. Brown).

6. P. poli/morpha, Brongn. M. C, Sydney (R. Brown).

7. P. acuta, Brongn. M. C, Pictou (J. W. D.).

8. P. longifolia, Brongn. In Bunbury's list, from Sydney.

9. P. tcemopteroidcs, Bunbury. M. C, Sydney (R. Brown).

10. P. ci/atliea, Brongn. M. C, Sydney (R. Brown).

n. P. ceqiialis, Brongn. M. C, Sydney (R. Brown).

12. P. SilUmani, Brongn. In Lyell's list, from Sydney.

13. P. villosa, Brongn. M. C, Pictou (Lyell's list).

14. P. BucHandi, Brongn. M. C, Sydney (Brown's list).

15. P. oreopteroides, Brongn. M. C, Sydney (Brown's list).

16. P. Dccurrcns, Lesq. Has pinnules more crowded, decreasing

towards the apex, but may be a variety. ^L C, Sydney (R. Brown).

17. P. Pluckenetii, Stcrnb. M. C, Sydney (R. Brown).

Beixertia, Goeppcrt

Beinertia Goepperti, spec. nov. Bipinnatc
;
pinna; broad, contiguous,

obtuse, with thick pinnules. Pinnules rounded above, obovate below.

Midrib thick, oblique, dividing above into a tuft of irregular hair-like

veins. M. C, Grand Lake (C. F. Ilartt) ; Bay de Chaleur (Logan)

;

U. C, Joggins (J. W. D.).

Hymenopiiyllites, Goeppcrt.

ITymcnophylUtcs pentadactyla, spec. nov. In general liabit like

Sphenopteris microloba, Goepp., but with pinnules divided into from

four to seven obtuse cuneate lobes, each with one vein. M. C,

Sydney (R. Brown).

PALiEOPTEUis, Geinitz.

1. Palaopleris Ilarttii, spec. nov. (Fig. 1G7, C). Stem or leaf-bases

transversely wrinkled with delicate lines; scars transversely oval,

m
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slightly nppcnclaged below; vascular scars confluent. Breadth 1-4

in. ; length 00 in. M. C, Grand Lake, Springliill (C. F. Ilartt).

2. P. Acadica, spec. nov. (Fig. 167, D). Stem or leaf-bases

longitudinally striated; scars transverse, flat above, rounded and bluntly

appendagcd below ; vascular scars in a transverse row. Breadth of

scars 0-7 inch ; length 0-3 inch. U. C, Pictou (J. W. D.).

Caulopteris, L. and II.

Several small erect stems at the Joggins seem to be trunks of ferns,

but are too obscure for description.

PsAUONius, Cotta.

Trunks of this kind must be rare in the Nova Scotian Coal-fields.

A few obscure stems surrounded by cord-like aerial roots have been

found, and probably arc remains of plants of this genus.

Megapiiyton, Artis.

1. Mcgaphyton maffnificiim, spec. nov. (Fig. 167, A). Stems large,

roughly striated longitudinally; scars contiguous, orbicular, deeply

sunk, nearly 3 inches in diameter, and each with a bilobate vascular im-

pression 2 inches broad and an incli high, M. C, Joggins (J. W. D.).

2. M. humile, spec. nov. Stem 25 inches in diameter; leaf-

scars prominent, flattened, and broken at the ends, 1 inch wide.

Surface of the stem marked with irregular furrows, and invested with

a carbonaceous coating. A.n internal axis, nearly 2 inches in diameter,

with a coaly coating, sends off obliquely thick branches to the leaf-

scars. This is a very remarkable specimen, and throws much light

on the structure of Megapliifton. Unfortunately the minute structures

are not preserved. M. C, Sydney (R. Brown).

Genus Lepidodendkon, Sternberg.

1. Lepidodendron corriigatum^ Dawson, Quart. Joum. Gcol. Soc,

vol. XV. (Fig. 168). Arcolcs elongate ovate, acute at both ends,

with a ridge along the middle, terminating in a single elevated vascular

scar at the upper end. In certain states the vascular mark appears in

the middle of the areole. In young branches the areoles are contiguous

and resemble those of L, elegans. In old stems they become separated

by ppaccs of longitudinally wrinkled bark ; in very old stems these

spaces are much wider than the arcolcs. Leaves linear, 1 inch or more

in length, usually reflected, one-nerved. Cones [Lepidostrobi) terminal,

short, cylindric, with numerous short, acute triangular scales. Struc-

ture of stem :—a central pith with a slender cylinder of scalariform
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vessels, exterior to which is a thick cylinder of cellular tissue and

bast fibres, and a dense outer bark. Var. verlicillatuin has the areoles

arranged in regul.ir decussate whorls instead of spirally. This dif-

ference, which might at first sight seem to warrant even a gcnerio

distinction, is proved by specimens in my possession to be merely a

variety of phyllotaxis. Tliis species is eminently characteristic of the

Lower Carboniferous Coal measures, and has not yet been found in

the Middle Coal formation. Fragments of bark, resembling that of

this species, occur in the Coal formation of Bay de Chalcur, along

with leafy branches of LcpidodendroJi, which resemble those of this

species, though, I believe, distinct. L. C, llorton, etc. (C. F. Ilartt

;

J. W. D.) ; Norton Creek, etc.. New Brunswick (G. F. Matthew).

2. L. rictoense, spec. nov. (Fig. 1G9, A). Areoles contiguous, pro-

minent, long oval, acuminate, separated in young stems by a narrow

line ; breadth to length as 1 to 3, or less ; lower half obliciucly

wrinkled, especially at one side. Middle line indistinct. Leaf-seur

at upper end of areole, snuall, triangular, with traces of three vascular

points, nearly confluent. Length of areole about 05 inch. Leaves

contracted ut the base, widening slightly, and gradually contracting

to a point ; ribs three, central distinct, lateral obscure ; length 1 inch.

Cones borne at the extremities of the smaller branches, oblong,

obscurely scaly. In habit of growth this species resembles L. ele-

gans, for which imperfect specimens might be mistaken. It is also

near to L binerve and L, patulum, Bunbury.* It abounds in the

Middle Coal measures. M. C, Sydney (R. Brown) ; Pictou (II. Poole

and J. W. D.) ; Grand Lake (C. F. Ilartt).

3. L. rimostwi, Sternberg (Fig. 1G9, D). M. C, Sydney (R.

Brown) ; Joggins (J. W. D.).

4. L. dichotomum, Sternberg [L. Sternbergii, L. and II.). M. C.

Sydney (R. Brown) ; Joggins (J. W. D.) ; L. C, llorton (J. W. D.).

5. L. decurtatum, spec. nov. (Fig. 170, A). Areoles approximate

or separated by a shallow furrow, rhombic ovate, obliquely acuminate

below, nearly as broad as long, wrinkled transversely, especially on

tlie middle line, which appears tuberculatcd ; vascular scar rhombic,

twice as broad as long, with three approximate vascular points. In

some flattened specimens the line separating the areoles is indistinct,

and the scars appear on a transversely wrinkled surface without dis-

tinct areoles. M. C, Pictou (J. W. D.).

6. L. iindulatum, Sternberg. (Fig. 169, E). Possibly several species

* In certain states of preservation, the lateral ribs of the leaves become obsolete;

and in others the central disai)pears, in which state the resemblance to L, binerve is

very close.
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2. L. squamosus, spec. nov. (Fig. 171, E.) 2 to .3 inches long,

1 inch thick; scales large, broadly trigonal, acute. Allied to L. tri-

gonolepis, but larger. Probably a cone of Lepidophluios, M. C,
Grand Lake (C. F. Hartt).

3. L. lonffifolius, spec. nov. Long-leaved, like Lepidodendron longi-

folium, L. and 11. M. C, Joggins (J. W. D.).

4. Lepidostrobus, sp. Acute trigonal leaves, small. M. C, Joggins
(J. W. 1).).

5. Lepidostrobus, sp. Round, with obscure scales and remains of

long leaves. L. C, Horton (J. W. D.).

6. L. Iriyonolepis, Bunbury. M. C., Sydney (R. Brown).

Lepidopiiyllum, Brongn.

1. Lepidophyllum lanceolatum, L. and H. M. C, Joggins; U. C,
Pictou (J. W. D.).

2. L. Trinerve (?), L. and II. Two-nerved or three-nerved, like L.

trinerve, L. and H., but narrower. Both the above are parts of

Lepidostrobi. U. C, Joggins (J. W. D.).

3. L. Majus (?), Brongn. M. C, Sydney (R. Brown).

4. Lepidophyllum, sp. Broad ovate, short, pointed, onc-ncrved,

half an inch long. U. C, Pictou.

5. L. intermedium, L. and H. M. C., Sydney (R. Brown's Use).

Halonia, Lepidostrobus and Lepidophyllum, including only parts of

Lepidodendron and Lepidophloios, are to be regarded as merely pro-

visional genera.

Lepidophloios, Sternberg.

1. Lepidophloios Acadianus, spec. nov. (Fig. 171). Leaf-bases

broadly rhombic, or in old stems regularly rhombic, prominent,

ascending, terminated by very broad i iiombic scars having a central

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-scars sparsely scattered on thick branches, either in two rows

or spirally, both modes being sometimes 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 Uloden-

dron majus and Lepidophloios laricinus, and presents numerous varie-

ties of marking. M. C, Joggins, Salmon River, Pictou (J. W. D.);

Sydney (R. Brown).

2. L. prominulus, spec. nov. Leaf-bases rhombic, pyramidal,
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somewhat •wrinkled at the sides, truncatcil by regularly rhombic;

scars, each with three approximate vascular points. M. C, Joggins

(J. W. D.).

3. L. parvus, spec. nov. (Fig. 170, G), Leaf-bases rhombic, small,

with rhombic scars broader than long ; vascular points obscure

;

leaves linear, acute, three inches or more in length, with a keel and

two faint lateral ribs. Cones large, sessile. U. C, Pictou ; M. C,
Joggins (J. W. D.) ; M. C, Sydney (R. Urown).

4. L. platt/stigma, spec. nov. (Fig. 170, E), Leaf-bases rhombic,

broader than long, little prominent ; scars rhombic, oval, acuminate,

slightly emarginate above ; vascular points two, approximate or

confluent. M. C, Sydney (R. Brown); Joggins (J. W. D.).

5. L. tetragonus, spec. nov. (Fig. 170, D). Leaf-bases square, fur-

rowed on the sides; leaf-scar central, with apparently a single central

vascular point. M. C, Joggins (J. W. D.).

DiPLOTEGiuM, Corda.

Diplotegium retmum, spec. nov. (Fig. 172, B). The fragments

referable to plants of this genus are imperfect and obscure. The most

distinct show leaf-bases ascending obliquely, and terminating by a

retuse end with a papilla in the notch. Some less distinct fragments

may possibly be imperfectly preserved specimens of Lepidodendron

or Lepidophloios. M. C, Joggins (J. W. D.).

Knokria.

Nearly all the plants referred to this genus in the Carboniferous

rocks are, as Goeppert has shown, imperfectly preserved stems of

Lepidodendron. In the Lower Coal formation many such Knorria

forms are afforded by L. corrugatum.

Knorria Sellonii, Sternberg. This appears different from the

ordinary Knorrice ; its supposed leaves may be aerial roots. It has

a large pith- cylinder with very distant tabular floors, like Sternbergia.

M. C, Sydney (R. Brown).

CoRDAiTES, linger. (Pyciinopiiyllum, Brongn.).

1. Cordaites borassifolia, Corda (Fig. 172, A). M. C, Pictou (II.

Poole) ; Grand Lake and Springhill (C. F. Hartt) ; Sydney (R.

Brown) ; Joggins, Onslow (J. W. D.) ; Bay do Chaleur (Logan).

Very abundant in the Middle Coal formation.

2. C. simplex, spec. nov. Leaves similar to the last in size and

form, but with simple, equal, parallel nerves. It may be a variety,

but is characteristic of the Upper Coal formation. M. C, Grand River

(C. F. Hartt) ; U. C, Pictou (J. W. D.).
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THE FLORA OP THE COAI- FOllMATION. m
Caudiocaui'UM, Brongn.

1. Cardincarpum fluita7is, Ri^vc. nov. (Fig. 173, I). Oval; apex

entire or notched ; surface slightly rugose ; nucleus round ovate,

acuminate, pitted on the surface, with a raised mesial line. M. C,
joggins (J. ^y. D.).

2. C. bisectuin, spec. nov. (Fig. 173, K). Nucleus as in the last

species, but striate ; margin widely notched at apex, and more nar-

rowly notched below. M. ('., Grand Lake, Springliill (C. F. Hartt).

3. Cardiocarpiimj sp. like C. marginatum. M. (
'., Joggins (J.W. D.).

4. Cardiucarpum, sp. allied to C. Iatu7n, Newberry. M. C, Pictou

(IL Poole). These Cardiocarpa are excessively abundant in the roofs

of some coal seams ; and the typical ones must have been samaras or

winged nutlets. They must have belonged to phienogamous plants,

and certainly are not the fruits of Lcpidodendron, though some of the

spuro-cascs of this genus have been described as Cardiocarpa. These

I propose to place under the provisional genus Sporangites.

Sl'ORANGITES, DaWSOU.

L Sporangites papillata, spec. nov. (Fig. 173, L). I propose the

provisional generic name of Sporangites for spores or spore-cases of

Lepidodendron, Calamites, and similar plants, not referred to the

species to which they belong. The present species is round, about

one inch in diameter, and covered with minute raised papilla; or spines.

It abounds in the roof of several of the shaly coals in the Joggins

section, and especially in one in group 19 of that section. M. C,
Joggins (J. W. D.).

2. S. glabra, spec. nov. (Fig. 168, F). About the size of a mustard-

seed, round and smooth. Exceedingly abundant in the Lower Car-

boniferous Coal measui'es of Ilorton Bluff, with Lepidodendron corru-

gatum, to which it probably belongs. A similar spore-ease, possibly

of another species of Lepidodendron, occurs rarely in the Middle Coal

formation at the Joggins.

Steunbergia, Artis.

This provisional genus includes the piths of Dadoxylon, Sigillaria,

and other plants, usually preserved as casts in sandstone, retaining

more or less perfectly the transverse partitions into which the pith-

cylinders of many coal formation trees became divided in the process

of growth. These fossils are most abundant in the Upper Coal for-

mation, but occur also in the Middle Coal formation. The following

varieties may be distinguished ;

—

(a.) Var. approximata, with fine uniform transverse wrinkles. This

is usually invested with a thin coating of structureless coal.

I \
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3. The greater part of the species have their head-quarters in the

Middle Conl formation, and scarcely any species appear in the Upper

Coal formation that are not also found in the former. The Lower

Coal formation, on tlio other hand, seems to have a few peculiar species

not found at higher levels.

4. The characteristic species of tlie Lower ('oal formation are f.epi-

dodcndrun corrugntum wixii Cyclopterla Acddira, botli of which seem

to bo widely distributed at or near this horizon in ICastern America,

while neither has yet been recognised in the true or Middle Coal

measures. In the Upper Coal formation Catamites Siicknvii, Annu-

laria sphennp/ii/lloidcs, l<pficnnphyUinn einarginatuin, Cordai'fcs simplex,

Alethopteris nervosa, inuricata, etc., I'ecnpteris arhinrscens, P. ab-

breviata, P. rigida, Neuropteris cordala, J)adi)X)/lon maleriarum^

Lepidophloius parvus, tSigillaria scutellata, arc characteristic plants,

tliough not confined to this group.

5. In the Middle Coal formation and in the central part of it, near

the greater coal scams, occur the largo majority of the spccrics of

Higillaria, Catamites, Lepidodendron, and Ferns ; some of the species

ranging from the Millstone-grit into the Upper Coal formation, Avhilo

others seem to be more narrowly limited. It is to be observed, how-

ever, that, as we leave the central part of the system, the total nnnd)er

of species diminishes both above and below, and that it is only in thoso

beds which hold large numbers of plants in situ or nearly so, that wo
can expect to find a great variety of species, and especially the more

delicate and perishable organisms.

It is also quite observable in the Joggins section, that while some

beds, in the same part of the system, supported Hiigiltaria:, others

carried Catamites, others mixtures of these with other plants ; so that

differences of soil, moisture, etc., frequently cause neighbouring beds

to bo more dissimilar in their fossil contents than others much more

widely separated. These local and temporary differences must always

have occurred in the deposition of the coal measures, and should not

be confounded with those general changes which arc connected with

lapse of time.

Additional Note on Vegetable Structures i7i Coal.

In the foregoing pages reference has frequently been made to the

existence of distinct vegetable structures in coal ; and any ordinary

observer may satisfy himself of this by closely inspecting the surfaces

of a lump of the mineral with the aid of a bright light and a magni-

fying glass. But the microscope reveals a world of wonderful tissues

in coal, as pc rfect as if they had only yesterday formed parts of living

plants ; and as I have devoted many hours of patient labour to the

:! fi'i
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494 THE CARBONIFEROUS SYSTEM.

investigation of these stmcturcs, I may here notice very shortly the

methods by which my results have been obtained, more particularly

in the case of the mineral charcoal.

In examining the mineral charcoal, I have, after many trials, adopted

the following process of preparation :—Specimens were selected con-

taining the tissues of only a single plant. Fragments or portions of

stems of this character can be obtaino i by cai'eful manipulation from

most coals. They were placed in marked test-tubes, and treated with

strong nitric acid, in which they were heated to the boiling-point,

and kept in that condition so long as dense fumes of nitrous acid were

disengaged, or until, on looking through tlie tube, the material could

be seen to have a brown colour and a certain degree of transparency.

In many cases, boiling in this manner for a short time is sufficient to

render the fibres flexible, and as transparent as slices of recent wood

when slightly charred. When ready for examination, the charcoal

was allowed to settle, and repeatedly washed with pure water before

removing it from the tube. It Avas then examined in water, with

powers of from 50 to 300 diameters, drawings of the structures ob-

served being made with a camera ; and when it appeared desirable,

specimens were put up in balsam for further examination. Some
refractory specimens were found to require alternate Avashing and

boiling in hydrochloric and nitric acids before their structures could

be made out ; but in the preparation of more than four hundred speci-

mens from various kinds of coal I have scarcely met with any that

resisted all these processes.*

I may observe here that the object is not to decarbonize the coal

and obtain what has been termed a siliceous skeleton. The change

effected consists in the removal of bituminous matter, which is oxi-

dized and dissolved by the acid, and of mineral matters, especially of

the sulphuret of iron, Avhich is one of the principal causes of the

brittleness and opacity of the crude mineral charcoal. The prepared

material is nearly pure carbon, burning without flame and leaving

scarcely any ashes. It represents the cell-wall and its ligneous lining,

or perhaps in some cases only the latter, in a state of perfect integrity,

appearing under the highest powers quite smooth and continuous,

and with all its minute markings in excellent preservation. The

methods of incineration of the charcoal and of polishing its firmer

portions I have found to be, in comparison with the nitric acid process,

of little value. The first gives no adequate idea of the real ch.aracter

of the tissues. The second gives merely a rude outline of the more

minute markings, and is chiefly valuable as affording cross-sections

* This nitric .icid process is, I believe, nearly the same with that recommended by

Ooeppert and Morris.

:
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and a better view of the general arrangement of the tissues than can

be obtained from the shreds of woody matter resulting from the process

above described.

It is further necessary to state that, to compare specimens of coal

with the structures of mineralized plants from the accompanying beds,

it is not sufficient to have slices of the latter. It is necessary also to

huve specimens prepared by removing the mineral matter by an acid.

Most of the coal fossils showing structui'e are mineralized by the car-

bonates of lime and iron ; and on removing these, the cell-walls will

be found intact and sometimes apparently not even carbonized. Diluted

hydrochloric acid suffices for this ; and structures by no means to be

found in the comparatively rude slices prepared by the lapidary can

be distinguished in these isolated cells. Pyritous fossils, so intractable

as slices, can usually be resolved by the treatment with nitric acid,

though in some cases they require a preliminary roasting, or, what is

better, exposure to the weather until the pyrites begins to crumble.

The observer using the above method will find many vegetable

fibres showing no markings. These are usually bast fibres. He will

see others with one row of round pores (uniporous), or with distant

round pores scattered irregularly (rariporous), or with several rows of

alternate simple or bordered pores (multiporous). These are tissues

of Sigillaria and Calamoderidron, except some large vessels of the

last mentioned type, which belong to Calamites. With the porous

tissues he will often find slender scalariform vessels, or rather cells with

transverse pores, which also belong to Sigillaria and Calamodendron,

and are very different from the large coarse scalariform vessels of

Lepidodendron and its allies, and of Sligmaria. The ducts of fenis

have been already refen-ed to. Some of these varieties of mineral

charcoal afford very beautiful microscopic objects.

Note 071 the Myriapods of the Coal Formation.

The following has been communicated to me by Mr Scudder, since

the printing of the notice of these creatures at page 385, supra

:

—
"The specimens of Myriapods discovered by Dr Dawson in the

Sigillarian stumps of the Coal formation of Nova Scotia, belong to

two genera ; in one, Xi/lobiits, Daw., cross sutures divide the seg-

ments into numerous fragments, in a manner wholly unknown among

living Myriapoda; in the other, which wo may call Archiulus, the

segments are simple. Of the former genus, I have discovered no

less than four species among the fragments which Dr Dawson has

permitted me to examine. For one the name of X. sigillaria', Daw.,

may bo retained; the illustrations (Fig. 151, a, c, p. 385) probably

nm
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belong to this species. It is distinguished from the others in having

all the fragments of which each segment is composed more than twice

as broad as long, and the upper edges of the fragments somewhat

raised. The segments themselves are about l-20th of an inch long,

slightly convex, with the anterior and posterior edges slightly and

equally raised at the suture. Another species, closely allied to this,

may be called X. similis. On different parts of the body, and even

in adjoining segments, the fragments composing the segments vary in

form from an oblong half as long (/.e., down the segment) as broad to

a square ; some arc even a little longer than broad. The segments

vary in length from l-25th to I -30th of an inch, are slightly convex,

and apparently have their front and hind edges turned up as in X.

sigillarice. To a third species I iiave applied the name of X.fradus

:

here the fragments are square, the segments are not more than l-40th of

an inch in length, although the insect is as large as X. sigillarice; there

seems to be another characteristic in a distinct dor.sal furrow. The
last species, which we may well name X. Dawsoni, is again a larger

one : the segments measure from l-20lli to l-30th of an inch in length

;

one of them is depicted in Fig. 59, in the Air-breathers. These

segments, which are broken up into squarish or transversely oblong

fragments, are very differently .shaped from those of the other species,

the posterior third being elevated into a prominent rounded ridge,

upon the falling slope of which the suture of the succeeding segment

occurs; the anterior two-thirds of the segment is concave, with a

more gradual curve.

" The second genus, Archiulus^ has but a single species, which, from

its resemblance to the other genus, and especially to the last mentioned

species, may be named A. xylohioides. The segments are shaped

almost exactly as in X. Dansoni, but are never broken up into frag-

ments ; the segments are about l-2otli of an inch in length. Fig.

151, 6, p. 385, probably refers to this species."

Should these interesting conclusions be confirmed by Mr Scudder's

subsequent investigations, which ho proposes to embody in a separate

paper, they will show that the group of Myriapods must have been

represented by numerous vegetable-feeding species in the Coal period

—a result not surprising, when we consider the vast amount of food

for such creatures which must have existed in the Carboniferous

swamps.
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CHAPTER XXL

THE DEVONIAN PERIOD.

LOWER DEVONIAK OF NOVA SCOTIA. DEVONIAN OF SOUTHERN NEW
BRUNSWICK. SECTION OF " FERN LEDGES."—USEFUL MINERALS.

CRUSTACEANS AND INSECTS.

The growth of geological knowledge in Nova Scotia and New Bruns-

wick is in nothing more marked than in the fact that, in 1855, two
chapters of Acadian Geology, and those somewhat meagre, sufficed

for all the rocks older than the Carboniferous, while now the quantity

of matter on these rocks will be more than doubled, and it will be

necessary to subdivide them into several series.

In the present chapter I propose to describe the group of rocks imme-

diately under the Carboniferous system, that to which the name Devo-

nian has been given by the English geologists, and which is represented

in the United States by the formations from the Catskill or Old Red Sand-

stone to the Oriskany Sandstone inclusive. I may remark that the con-

troversy which has been raised by Mr Jukes, as to the use of the term

Devonian in England, in no respect affects the questions we have to

discuss, since whatever views may be entertained respecting the rocks

known as Devonian in Devonshire and in Ireland, in America the

existence of a great mass of sediment, characterized by a distinct fauna

and flora, between the Carboniferous and Upper Silurian, is a fact

which cannot be set aside. It is also to be observed that in the

Acadian Provinces, in passing downward from the Carboniferous to

the Devonian we constantly find uncon"ormability, and that there is

ample evidence that the great masses and dikes of intrusive granite

which in Nova Scotia penetrate all the rocks older than the Carbon-

iferous belong to the close of the Devonian period.

I had to remark in regard to the Carboniferous period that a well-

marked difference in the deposits could be observed in the regions

cast and west of the Alleghany mountains. A similar difference

exists in the Devonian. Reds of oceanic character are much less

developed in the Acadian region than they are in New York and
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iron, with dark coloured coarse slates, dipping S. 30° E. at a very

high angle. The iron ore is from 3 to 4|^ feet in thickness. The
fossils of the ironstone and the accompanying beds, as far as they can

be identified, are Spirifer arenosus, Strophodonta magnljica, Atri/pa

ungiiiformis, Strophomena depressa, and species oiAvicula, BellerophoHy

Favosites, and Zaphrejitis, etc. These Professor Hall compares with the

fauna of the Oriskany sandstone ; and they seem to give indubitable

testimony that the Nictaux iron ore is of Lower Devonian age. The
most abundant fossil is a Spirifer as yet not identified with any de-

scribed species, but eminently characteristic of the Nictaux deposits.

It is usually seen only in the state of casts, and often also strangely

distorted by the slaty structure of the beds. The specimens least

distorted may be described as follows :—General form, semi-circular

tending to semi-oval, convexity moderate ; hinge-line about equal to

width of shell ; a rounded mesial sinus and elevation with about ten

sub-angular plications on each side ; a few sharp growth ridges at the

margin of the larger valves. Average diameter about one inch

;

mesial sinus equal in width to about three plications. I shall call this

species, in the meantime, S. Nictavensis.

I figure two distorted specimens (Fig. 176), to show the remarkable

differences of form produced in this way. The original form is inter-

mediate.

Fig. 176.

—

Spirifer Nictavemis.

(a) Shortened, and (5) lengthened, by distortion, in the direction of the arrow.

To the southward of the ore, the country exhibits a succession of

ridges of slate holding similar fossils, and probably representing a

thick series of Devonian beds, though it is quite possible that some of

them may be repeated by faults or folds. Farther to the south these

slates are associated with bands of crystalline greenstone and quartz

rock, and arc then interrupted by a great mass of white granite, which

extends fiir into the interior and separates these beds from the similar,

but non-fossiliferous, rocks en the inner side of the metamorphic band

of the Atlantic coast. The Devonian beds appear to dip into the

granite, which Is intrusive, and alters the slates near the junction into

gneissoid rock holding garnets. The granite sends veins into the

slates, and near the junction contains numerous angular fragments of

altered slate.
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west, near the junction, and become slightly contorted and altered

into gneiss, and filled with granite veins; but in some places they

retain traces of their fossils to witiiin 200 yards of the granite. The

intrusion of this great mass of granite without material disturbance

of the strike of the slates conveys the impression that it has melted

quietly through the stratified deposits, or that these have been locally

crystallized into granite in situ.

At Moose River the iron ore and its associated beds recur on tho

western side of the granite before mentioned, but in a state of greater

nietamorphism than at Nictaux. The iron is here in the state of mag-

netic ore, but still holds fossil shells of the same species with those of

Nictaux.

Still farther westward, at Bear River, near the bridge by which

the main road crosses this stream, beds equivalent to those of Nictaux

occur with a profusion of fossils. The iron ore is not seen, but there

are highly fossilifcrous slates and coarse arenaceous limestone, and a

bed of gray sandstone witli numerous indistinct impressions apparently

of plants. In addition to several of the fossils found at Nictaux, these

beds afford Tentacidites, an Atri/pa, apparently identical with an un-

described species very characteristic of the Devonian sandstones of

Gaspc, and a coral which Mr Billings identifies with the Pleuro-

dictyum prohlematicum, Goldfuss, a form which occurs in the lower

Devonian in England, and on the continent of Europe.

Westward of Bear River, rocks resembling in mineral character

those previously described, and probably of Devonian and Upper

Silurian age, extend witli similar strike, but in an altered condition,

and in so far as I have been able to ascertain, destitute of fossils, quite

to the western extremity of the peninsula, where they turn more to

the southward, and are as I suppose, repeated by a sharp synclinal

fold, after which they are succeeded by the Atlantic coast series, of

lower Silurian date, and consisting of quartzitc and clay slate, with

clilorite and hornblende slates at Yarmouth and its vicinity, and

further to the S. E. of mica slate and gneiss.

I cannot certainly indicate the Devonian system in other parts of

Nova Scotia. There are, however, in various places, at the margin of

the Carboniferous areas, or projecting through these beds, rocks which

may be Devonian, tliough, not having afforded characteristic fossils,

their age must remain doubtful, as they might possibly prove to be

altered members of the Lower Carboniferous or rocks of Silurian

date. They are usually hard gray or purplish sandstone or quartzites,

associated with gray or purplish slates or shales. Such rocks occur in

the flanks of the Cobequid Hills, in the vicinity of Salmon River, and
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carried into effect. The subject was, however, followed out by

several gentlemen of St John engaged in geological studies, and more

particularly by Mr G. F. Matthew and Mr C. F. llartt, from whom
I received the specimens described in my paper on the Prc-Carbon-

ifcrous Flora of Eastern America in 18G1, and with whom I had

subsequently an opportunity of exploring the localities of the fossils.

From these gentlemen I also obtained the further material published

in my Flora of the Devonian Period, in 18G2.* Mr Matthew subse-

quently published a detailed account of the stratigraphical relations of

the beds,-}- and Mr Hartt has since collected largely from the moat

productive localities for the Natural History Society of St John,

which has liberally placed its collections in my hands. Many addi-

tional facts in relation to these beds have also been published in the

Report of Professor Bailey on the Geology of Southern New Bruns-

wick. With the aid of these materials, I shall endeavour to give an

account of this interesting formation, and shall then notice in some

detail its fossils.

The Devonian series of the vicinity of St John is well exposed in

the shore of Courtnay Bay, and also in the vicinity of Carlton. The
red conglomerates, which here form the base of the Carboniferous,

rest on it unconforniably, and it is itself underlaid by the St John

slates, a group of Lower Silurian age.

The succession of beds seen in the Courtnay Bay and St John

sections is thus given in my paper of 1862. The thicknesses stated

are to be regarded as merely rough estimates, made up partly from

Mr Matthew's observations, and partly from my own. The names

are those given by Mr Matthew and Professor Bailey :

—

Carhontferous System.

Coarse red conglomerate, with pebbles of underlying rocks, and

constituting in this vicinity the base of the Carboniferous

System.

Devonian System.

Mispeck Group.—Dark-red and greenish shales ; flaggy sand-

stones and grits ; coarse angular conglomerate .

'^Attle River Group (Upper part and passage beds).—Reddish

conglomerate, with quartz pebbles; reddish, purple, and

gray sandstones and grits ; deep-red, gray, and pale-green

shales. A few fossil plants ....
Little River Group (Middle and Lower part).—Blackish and

* Journal of Geological Society, Nov. 1862. f Ibid., 1865.

Feet.

1

2

1850

2350

Um
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gray hard shale and arenaceous shale [Cordaite shales in

part) ; buff and gray sandstone {Dadoxylon sandstone) and

flags. Many fossil plants ; Crustaceans and Spirnrbis

4. Dluomsbury Group.—Iteddish conglomerate, with slaty paste

and rounded pebbles; trappcan or tufaccous rocks; red,

purplish, and green sandstones and shales. Thickness

variable ......

Foet.

2800

2500

Lower Silurian Hystem.

5. Black papyraceous shale, with layers of cone-in-cone concre-

tions ....... 400

6. Hard, generally coarse and micaceous, gray shales and flags,

of various shades of colour, and with some reddish shale

and tufaccous or trappcan matter at the bottom. Lingulce,

burrows, and trails of animals. Also in certain beds,

Paradoxides, Conocephalites, and other primordial Trilo-

bites ..... 3000 feet or more

The following details as to the several members of the Devonian are

abridged from Professor Bailey's and Mr Matthew's excellent memoirs

already referred to. Before giving these, I may explain that the

several members of the Devonian system form, on the cast side of St

John Harbour, a trough or synclinal fonn, and that from the eastern

extremity of this some of the members of the series are believed to

extend for a great distance to the eastward, in a more or less meta-

morphosed state. The general arrangement is shown in the section,

Fig. 178.

Mispeck Group.

" The deposits of this group, constituting the newest member of the

Upper Devonian series, occupy, in comparison with the groups to be

described, a very limited area. So far as certainly known, they may
be said to be confined within the narrow district intervening between

the Little and Mispeck Rivers, and consequently occupying the centre

of the trough already pointed out, as formed by the folding of the Upper

Devonian groups.

" They rest immediately upon the beds of the Cordaite shales, and

so nearly resemble the latter as to be not easily distinguished. It is

therefore not unlikely that the group may yet be found to have a

wider distribution, especially westward of the St John River, in the

peninsula of Pisarinco.

The following descriptive remarks taken from the paper of Mr
Matthew well represent its general character.
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" West and north of Mount Prospect, where the (!ordaito shales

disappear beneath the stratified gravel which covers the top of that

hill, the dip of the beds at tho base of this group rapidly diminishes
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from 30° to 15°, and the strike at the same horizon varies 10°. The

lowest member is a coarse reddish conglomerate, having a red slaty

paste filled with large subangular fragments of a gray altered rock,

like the lower slate of the Coldbrook group. It also contains frag-

ments of reddish sandstone, and a few pieces of impure slaty lime-

stone. The conglomerate is overlaid by thick beds of purple clay
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elate, wliicli, by iiccoHfiion of coarser mfitcrials, becomes ft fllftty siiinl-

Btono ftiul f^rit {'illcd with whito particles. Tiio strata of tliis group

nro much tliicker on the nortii than on the south side of the basin.

All isohitcfl deposit of red slatns, reseiiihlin,!^ tlie finer beds of this

group, rests against u mass of altered rock, which setiins to bo a cuu-

tinuatioii of the JJloomsbury volcanic beds, at Taylor's Island,, west of

the Harbour of St .lohn.

" If the beds last alluded to be properly referred, it is very probable

that those of I'isarinco, already mentioned, may in part at least apper-

tain to the same group. They have been described, however, as forming

ft portion of the Cordaite shales. The same is true in part of the dis-

trict between Musquash and Chance Harbour."

Little River Oroiip.

" The Little Kivcr group consists of two members, one of coarse

and the other of comparatively fine ingredients, termed, from the

characteristic fossils which they hold, the Dadoxylon sandstone and

the Cordaito shales. Though intimately connected, they do not in-

variably occur together, and for this reason as well as others, will be

separately considered."

*' (A.) Cordaite tihales.—In the consideration of this, the upper mem-
ber of the Little River group, we have presented for our study by far

the most useful and interesting deposit which occurs in this portion of

New Brunswick, if not indeed in the whole province. Recognising

its economical importance as a rich metalliferous series, it has been

one of the special objects of the present survey to ascertain minutely

the distribution, age, and characters of the rocks composing it, and to

mark its limits accurately as the great copper-bearing group of Lower

New Rrunswick. Although the greater portion of the country occupied

by this series is still uncleared, and among the wildest and most rugged

in the province, we have so far succeeded in tracing out its rock

formations, that the limits of the latter may now be looked upon as

approximately fixed, at the same time that its age and productive

metalliferous character are satisfactorily established. As the details

of this examination are of great importance, I shall here describe the

observations made more minutely than in the case of the other

groups has been deemed necessary.

" It will naturally be supposed that, forming as they do two members

of a single group, the Dadoxylon sandstone and Cordaite shales should

be intimately associated and occur together, and that the distribution

of the former should be a general indication of the position of the

latter. While, however, this is true as regards that portion of the
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group occurring in the neighbourhood of St John, it has been nMccr-

tiiined 'hat the Dadoxylon sandstones constitute a comparatively local

deposit, while tho shales >\liich succeed spread much more widely

over extensive districts, both to the east and west,

" On the eastern side of the Harbour of St .lohn, tho shales referred

to arc first met along tho coast near the mouth of the Little lliver,

where they form a narrow baud lying between tho embouchure of

that stream and tho promontory of Ked Head. The band of rock*

thus ap[)earing, though narrow at the coast, widens as it is traced into

tho interior of the peninsula, and follows approximately tlio curve

already pointed out as marking the distribution of the subjacent

sandstone. The line of its outcrop may be readily traced on tho

geological map, forming a sharp and somewhat irregular curve, ex-

tending from Ked Head to the mouth of the Mispeck. In tho latter

portion of tho curve, owing principally to a fold in the strata, the

rocks occupy a somewhat wider space than is covered in tho

former.

" Terminating on the coast at the locality last mentioned, the Cor-

daito shales, now trending south-westerly, seem for tho moment to bo

lost in the waters of the bay. Like the sandstones which underlie

them, however, they follow tho curve of the volcanic beds of tho,

Bloomsbury group, and doubling the promontory which marka the

south-western termination of the latter, reappear along its eastern

flank, still resting upon the Dadoxylon sandstone, and extend in this

direction to the mouth of Emerson's Creek. Along this portion of

their distribution, however, between tho Mispeck and lilack liivers,

there is a great difference in tho character of the group observable,

so great a difference, indeed, as to have caused some hesitation in

assigning these beds to their true position. They occupy the coast

from the point south-west of tho Millicent Lake, including Beveridgo

and Thomson's Coves, as far as the mouth of the Black River. On
tho eastern side of the latter they extend along the shore to Emerson's

Creek, and in the interior to a somewhat greater distance, but from

this point are rapidly covered with the Carboniferous deposits which

extend to Quaco. They reappear, however, north-west of the last

named place, and eastward of Tynemouth or Ten-Mile Creek, where

they rise into a low ridge, consisting chiefly of tho conglomerates at

tho base of tho series, and are crossed by all the principal roads leading

in this direction.

" The same series has also been observed on Vaughan's and

Macomber's Brooks, north-east of Quaco, covered as })efore by

Carboniferous deposits on its southern slope, and to a less degree

M
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on its northern also, where, however, it is succeeded, at a very-

short distance, by beds of the Lower Coldbrook. Owing to the

disturbances and foldings alluded to in the description of the latter,

the whole vast mass of the Lower and Upper Bloomsbury, St

John slates, and Dadoxylon sandstones, have mostly disappeared,

and we !iere find beds even below the base of the Silurian almost

side by side with the shales of the Upper Devonian.

" From Vaughan's Brook, in the neighbourhood of Quaco, the

upper member of the group now under consideration begins rapidly

to widen, and to the eastward soon attains an enormous development.

Higher members than those last described ajjpear at Melvin's Beach

;

and thence, with the exception of a few isolated Carboniferous

deposits at Salmon River, Goose Creek, and Martin's Head, extend

with a bold and unbroken front along the coast to Point Wolf, at

the western limit of Albert County. They thence no longer keep

the shore, but, pursuing their normal course, may be traced in a

series of bold high ridges as far as Phepody Mountain.

" While the southern limit of the group is thus uniform and regu-

lar, the line which marks its northern boundary is more difficult of

recognition. Owing to one or more immense synclinal folds, the

area covered by these rocks is enormously increased, and from the

limited space occupied near the sea coast, behind Quaco, now widens

until it embraces the whole extent of country south of the Shcpody

Road. On the latter thoroughfare the rocks of the group were

first observed near Wallace's Post Office, in the parish of Hammond,
King's, and near the source of the Great and Little Salmon Rivers.

On the last named stream they were found to occupy the whole

country southward to the coast. Whether they similarly occrni' the

entire valley of the former has not been ascertained : the 'SAVid Hies

of descending these rapid and mountainous water-course's, through

a country v, ithout a settlement, being of too serio: ; character

to admit of exploring both of the above named streams. The limits

of the group in this direction, however, cannot vary far from the

outlines as laid down on the Map.

" Following the line of the Shepody Road from the point

above mentioned, the rocks of the present group, or ' coast series

'

as it may conveniently be termed, have been distinctly traced to th^

eastward as far as the high lands back of Hopewell, while deposits,

probably referable to the same series, have been observed at a great

variety of places both in the county of King's and eastward in that

of Albert." These will be found severally referred to in the remarks

on the characters of the group in Professor Bailey's Report.
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" In general, it may be stated that the upper limit of the series

iH a line extending nearly northerly from the vicinity of Qnaco,

crossing the Shepody Road near the sources of the Halmon River,

thence extending in the same line so as to include a large area

in the parish vif Hammond, to near the sources of the Pollet River.

It folloAvs the line of the Shepody Road eastward into Albert,

and certainly includes all that portion of the latter county which

lies southward of that road, between it and the sea ; while the

character of the metamorphic series which appear to the northward

would seem to indicate even a wider distribution. Like all the older

f.n nations in this portion of the province, the Little River group

is progressively covered to the eastward Avith Carboniferous deposits,

which at Shepody Mountain finally cap the subjacent metamorphic

beds, and form their well-marked eastern termination,

" Before the commencement of the present season's work, our

knoAvlcdge of the extent of this most important group was limited

to the area immediately about St John, and eastward to Black

River and Gardner's Creek. We have now succeeded in fixing

its tnie limits in this dii'cction, and in giving to it a distribution

which, to say the least, is as gratifying as it was unex])ccted.

" But not only have these metalliferous rocks been thus found

to occupy such an extensive area to the east ; they have also been

found to spread widely to the west, and to give promise of valuable

discoveries in a region to which, as yet, but little attention has

been paid. I refer to portions of the peninsula of Pisarinco, west

of St John, and to a large district south of the Musquash L'ivor,

between the Lancaster Mills and Chance Harbour." Their distri-

bution in this direction is discussed at length in the Report above

referred to.

" (B.) Dadoxylon Sandstone.—The lower member of the Little

River group, to which the preceding name has been applied, imme-

diately succeeds and rests upon the upper member of the lihioms-

bury. Folded with the latter into a depression or trough, it has been

traced by Mr Matthew in a double curve extending from Mana-

wagonish, west of the Harbour of St John, around, and along the

southern flank of the Bloomsbuiy axis, maintaining throughout this

district a nearly uniform width.

" On the eastern side of Courtnay Bay, it first appears near the

mouth of Little River, and thence following the line of the Blooms-

bury beds below it, extends northerly and easterly towards the head

of the Mispeck, being very well exposed at Mount Prospect, about

four miles east of the city. Near the sources of the Mispeck the band

?» :.-
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of these rocks bends slowly around, assumes a southerly directir»n,

and follows the last named stream to within a few miles of its mouth.

Again changing its direction, it now flanks the end of the IJloomsbunr

ridge, and extends in a nari'ow belt eastwardly as far as the east branch

of the Black Kiver. lieyond the latter, as far as known, it rapidly

disappears.

" To the west of St John, besides the locality of Manawagonish, the

Dadoxylon sandstones have been observed on the west branch of

the Musquash River, in the village of Ivanhoe, resting upon a deposit

of the Upper Bloomsbury and overlaid by Cordaitc shales.

" It will be remarked, when describing the characters of the Blooms-

bury group, that the red deposits, which form its upper member,

constitute beds of transition between that group and the one now

under consideration.

" As ir.tlicated by the ..amo it bears, he Dadoxylon sandstone is

chiefly composed of coarse materials, though less so than in the group

which Immediately preceded it. AVhile the upper beds of the latter

consisted chiefly of reddish conglomerates, the present series is com-

posed of a hard gray sandstom , ao-'-ciatcd, ho>/evcr, with occasional

beds of grit and layers of daiK j/r-y shale. The transition above

alluded to consists, therefore, in a gradually increasing linencss in

the sedimentary beds, nidicating changes in the physical conditions

under which they were deposited.

" In litholofcical characters, the Dadoxylon sandstone, as described

by Mr Matthew, is remarkably uniform and constant, and has been of

great service in the study of the geology of the section now under

consideration. But the chief interest which attaches to this deposit,

is derived from the abundance and ivonderful perfection of the organic

relics which it holds, the oldest undoubted relics of a land vegetation

in this long series of formations."

Bloomsbury Group.

The Bloomsbury group, like the Coldbrook, which it closely

resembles, comprises two very different series of sediments, the

lower and older being volcanic, while the upper and newer is of

aqueous origin. These must be separately considered.

" (A.) Sedimentary Beds.—The deposits of the Upper Bloomsbury,

of purely aqueous origin, are generally found in bands of varying

width, lying parallel to, and immediately above the volcanic deposits

of the lower member. Tiiey may thus be traced, following the

different distribution of the latter, almost throughout its entire extent.

The greatest development of ilk*t% member is along the space between
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the Black and Mispeck Rivers, and towards the foot of Loch Lomond.

On the southern shore of the latter red sediments also occur, which

have been doubtfully referred to the Coldbrook Group, but may
possibly be a continuation of the beds last described. On the south-

eastern side of the I31oomsbury axis, the upper member of the group

again appears, but it is here a comparatively thin deposit, and

occupies but a very limited area.

" Turning to the westward, this member is also but poorly re-

presented, and at Courtnay Bay does not exceed a thiiKuess of

150 feet. In St John and Carleton, as well as at Sheldon's Point,

it is wanting altogether. On the west bank of the Musquash,

however, in the village of Ivanhoe, reddish sediments occur resting

upon the Portland series and overlaid by the Dadoxylon sandstone,

and therefore belonging to the Upper Bloom.sbury, but whether they

have any direct connexion with the deposits to the east, or arc

the result of local and independent deposition, it is at present

impossible to say.

" In lithological characters the upper member of the Bloomsbury

group is very constant, consisting of fine-grained red clay slate

and reddish-gray conglomerate. Its thickness has been stated at

500 feet. The rocks of this member, according to Mr Matthew,

constitute a passage from the volcanic beds to the sandstone of the

(Little River) group above. As fiir as known they contain no

fossils."

"(B.) \olcanic Beds.—The most extensive and typical cxjiosurc

of the volcanic beds of the present group is furnished by the locality

from which th'^Ir name has been derived, the high hill called Blooms-

bury Mountain, near the centre of the parish of Siinonds. This

mountain, as described by Mr Matthew, constitutes the western

ti^rminatlon of a ridge of land extending north-oasterly In the centre

of the coun*,y, and appears to represent one of the ancient fissures

or volcanic vents, from which, during the Devonian jjcriod, were

poured forth the lava, ashes, and scoria, Vihich now constitute the

lower mcnibcr of the Bloomsbury group. The streams of eruptive

matter thus discharged flowed from the central opening In three

diiections, north-easterly, westerly, and south-westerly, as indicated by

the positions which they now occujiy.

" The upper limit of the Bloon'sbury lava streams, trending to

the west, may be traced in a long, though narrow, line of hills, from

the head of Black River, below Loch Lomond, to Courtnay Bay.

Removed by denudation from the latter, the beds of the grouj) re-

appear in the southern part of the city of St John, and again on the oppo-
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The Devonian rock,-: appear at several places along the coast

of New Brunswick, between St John and St ivndrcws, at which

place they arc connected with the Devonian sand.stoncs of Perry,

Maine. According to Professor Hind, an area of about twenty-five

square miles near Campbcllton on the Restigouciie, consists of

Devonian rocks, an extension or outlier of the Devonian of Gaspe.

It is possible that some of the belts of Devonian rocks known to

exist in the interior of Maine may extend into Northern New
Brunswick ; but this has not, I believe, been as yet certainly as-

certained.

I must refer to Professor Bailey's Report for more fidl details

on the Devonian of New Brunswick, and .shall now lurn to the

more particular consideration of the highly fossiliferous members
of the group as developed near St John, reserving for a subsequent

chapter the consideration of the fossil plants.

Becliun at the " Fern Ledges,^' near St John.

Much interest attaches to that part of the St John section described

above as the Little liivcr group, o.i account of its fossil plants and

insects ; and for this reason I give Ih'Iow an abridgnient of the

detailed section prepared by Mr llartt for Professor Bailey's Report,

and which will serve to show the resemblance as to mineral character

between these beds and those of the Coal formation. Mr llartt re-

nuuks in introducing his section :

—

" Of tlie several localities for fossil plants in the vicinity of St John,

the richest and most interesting is that of the ' Fern Ledges.' These

arc a series of ledges exposed on the sea-shore, between high and

low-water mark, at the foot of the properties of Messrs N. S. Dcmill

and Zebedee Ring, Duck Cove, Lancaster, about a mile west of the

town of Carleton. The ledges are f<n'med by the outcropjiing edges

of beds of sandstone and sliale belonging to the Little River group

of Mr ]Matthew. Tiiese liave a strike of about AV. 10° N., and a

southerly or seawaxd dip of about ^b°. Tiiis strike corresponds very

nearly lo tiie rrcnd of the shore, along which, rounded and much worn

by wave at-tion and buried in sea-weed, their edges run in long ridges.

The shale-beds, in which the plants occur, are, on account of their

softness, everywhere so worn away by the waves from between the

enclosing sand.stoncs, as to be in only a few places accessible.

" Only near liigh-water mark arc the ledges of any height, and from

these the plant-bearing shale-beds are almost entirely removed. The

ledges extend along the shore for some 325 paces, with a width of

300 feet, more or less, exposing a thickness of strata of about 150

2l

J; 'm "! i

ri.iX !

i?

li'

m¥



i

! !

514 THK DEVONIAN PEKIOD.
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feet. Numerous faults occur at the locality, the principal of wliicli,

on the easternmost side of the most prominent projecting ledge, and

M'hosc direction is S. 30° W., is a downthrow of about 50 feet.

" Directly in front of the ledges, and about half a mile from tlie

shore, is a series of skerries laid bare at low water, called the ' Shag

Rocks.' I have not visited them, but the beds of which they arc

composed have an apparent east-and-west strike, and a high dip to

the southward. They arc probably tlie upper members of the Cordaite

Shales.

" Beds of sandstone and shale, similar to those at the Fern Ledges,

.iliow themselves on the shore about three-quarters of a mile to tlie

tvestward. They contain the remains of a few species of plants

identical with those occurring at the ' Ledges,' but the beds are

higlier up in the series. This locality, called the ' Calamitc Ledges,'

has not been so carefully examined as that to the eastward. I have

collected there the following species, nearly all of whieii are common
to the two localities :

—

" Cordaitcs liubbil, Daws. Extremely abundant in certain layers

of black shale, and very finely preserved.— Sphenojjteris Hitch-

cockiana, Daws. Abundant in detached pinnules. — Fec^pterL;

discrepans, Daws. Apparently rare : have found but a single pinnule.

—Cardlocarpwn cormdum, Daws. Not infrequent, associated with

cordaitcs, calamitcs, etc.

—

Calamites h^ansitioiiis, Goeppert. Abun-

dant.— C canncpformis, Brongn.— Annidaria acuuiinata, Daws.

Pinnularia dispalans, Daws. Common.— Ptiilophylun ? glahrum.

Daws.— Stiffmaria Jicoides {var.), Brongn.— A single specimen

with rootlets attached was found by my father, J. W. Hartt, in

a bed of sandstone, about half-way up in the section here exposed.

—Lepidodnuh'on Claspianum 1 Daws. Two or three ill-preserved

specimens of a Lepidodendron, Avhich Dawson has referred with

doubt to this species, were collected at this locality by Mr Matthew

and myself.

" The sandstone at the Fern Ledges is very compact and hard, and

of a gray colour. It contains many plant remains, but usually in a

badly ])rcscrved state. Thin beds of arenaceous shale, of a fine

texture and dark- gray colour, becoming black sometimes, or passing

into light greenish-gray, are interstratified with the sandstones, and

these beds are liighly charged with plants, wliich occur preserved as

graphite, every nerve and nervule of a fern leaf being as distinct as

in a pencil drawing.

" It had been ascertained several years ago by Gesner, Robb,

Dawson, and others, that the beds of the Little Kivcr group were
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fossiliferous, and ill-preserved plant remains had been observed in the

sandstones of the ' Lodges.' iMr Matthew, who had pi'eviously dis-

covered in the shales at the foot of the city of St John, near the

barracks, the plants Mhich Dawson descril)ed in his paper on the

'Flora of the I'recarboniferous, etc.,' collected in 18G(>, at the

'Ledges,' from one of the exposures of Plant-bed No. 1, of the fi)l-

lowing section, some obscure markings which were piobablv leaves

of AstcrophjUitcs lunijifutia, JJrongn.
; but it was not until ^Slay 1861

that I found that these rocks were richly fossiliferous, and discovered

in Beds Nos. 1, 2, 3, and 8 (?), a large number of fossil plants, prin-

cipally ferns, a remarkable Crustacean, A iiiphipeltis paradoxus, Salter,

and a Sp/irorbis. Messrs Matthew, W. li. Payne, .Tames llegan, and

Lunn, took part in the explorations which were carrietl on during the

summer, Mr Matthew discovering, among other things, a new species

of I'Jitri/ptcrus, E. puUcaris, Salter ; Mhilc Mr l^iyne secured a single

specimen of a trilobite, still undetermined, the oidy one the locality

has afforded.

" These discoveries proved so interesting that Principal Dawson, to

whom I communicated them, paid a visit to St John, and examined

the locality in person. The collections made were put into his

hands, and the plants were described in detail in his paper pub-

lislied in the Quarterly Journal of the Geological Society, entitled,

' On the Flora of the Devonian Period in North-Eastern America.'

The numbc'- of plants obtained thus fin- from the Lancaster localities

was 3(), which, with the three species of Crustacea, the Spirorbis, and

the three species of plants previously collected in St John by Mr
Matthew, made the number of species of animals and plants ascer-

tained to occur in the Little River group, 43.

" The following summer I spent thirty days at this locality, being

rewarded by the discovery of some ten or more new species of plants,

principally ferns, and by securing larger and more perfect specimens

of many of the species described by Dawson from mere fragments.

Ikit the most valuable and entirely unexpected discovery, was that

of remains of insects, of which five species have been obtained. These

specimens are in the hands of my friend Mr Scuddcr of Uoston, the

well-known entomologist, for description. During the summer, I

began the task of examining every bed in the section at this locality,

a task not easy to perform, where the tough rocks lying below high-

water mark and buried in a luxuriant growth of sea-weed, are woni

away in such a manner as to make it difficult to work them.

" Li the summer of 18G3, I spent eight days at the locality, during

which time I finished my section. Several new plants were discovered,
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richly with beautifully preserved remains of jdants, among whicli aro

the following species ;

—

Calatnilcs trnnsifinni's, fJocppcrt. Occasional, in large, rrert

specimens.

—

AstcrnplnjUitcs latifnltn, Daws. l']xtrcmcly abun-

dant, often showing ten or twelve wiiorls of leaves, sometimes

with many branches.

—

A. aciculoris, Daws. Also very abun-

dant.—(?) A. lonff/folia, JJrongn.

—

A. scutigrra, Daws. Tho

curious stems of this .species, witli their sciile-armed nudes,

occur abundantly in this bed.— t^phcnoplijiUum antlquHin,

Daws.— Pecopte.ris obscura, Lesqx.— ><pht'n'ipteris sp. V

—

Cnrcliucarpum cornutiim, Daws. Karc.

—

I'silnplii/lon cU'jans,

Daws. Occasional. I have never detected any trace of

Cordailes Itobbii, Daws., in this bed. It is extremely conunou

in the overlying strata.

Gray sandstones and flags, with occasional ill-prcsorvcd plants, Cata-

mites transilianis, Goeppt., Curdaites Jlabbii, Daws.

—

Astcrop/i/jttitcs

and Sternbcrfjioi , . . . .2 feet G inches.

Black arenaceous shales of the same charactc • as those

of No. 1, but without fossils, so far as I have examined 1 1 inches.

Compact flaggy, gray sandstone, with badly preserved

plant remains. Catamites, etc. . . . .2 feet.

Very soft, dark, load-coloured shales, much slickcn-sided

and charged with fragments of plants. This bed is

so soft that the action of the weather and the sea have

everywhere denuded it to the level of the beach . . 4 feet.

Plant-bed No. 2 ...... 1 foot.

At the point where the section crosses the bed, and where I first

discovered it, it consists of very compact and hard, light lead-coloured,

slate-like, arenaceous shale ; but the character of the shale varies

much in its different exposures, being sometimes very soft and fissile,

and of a very black colour. The following is the list of species which

it affords :

—

Catamites transitionis, Goeppt. Occasionally ; never in good

Bpccimcns.

—

(J. canno'formis, Brongn. Occasionally ; miver

in good specimens.

—

Asterophyltites acictdaris, Daws. Rather

rare.

—

A. tatifutia, Daws. Rather rave.

—

A. loiig/fotia, lirongn.

Rather rare.— A. parvida, Daws. Whorls of a minute

Asterophyttitrs, which may belong to this species, are not

infrequent in this bed.— Annutaria acuminata, Daws.

—

Pinmdaria dispalans, DaAvs. Abundant.

—

Psitophyton elegans,

Daws. Quite common, always in fragments, never in good

specimens.

—

P. glabriim, Daws. Flattened stems, with a wavy

11^
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wnody axis trncetl in a brigliter line of grapliitc, occur in this

bed, but always in IVugments.

—

Cordaitea Jtobbii, Uaws. Ex-

tremely uhundant, ami very fine spceiniens may bo obtained,

cHpeeially from the upper part of the bed, and rarely specimens

.showing tho base or the ajiex of tiie leaf.

—

Cijcloptrris ohtiim,

Lcsqx. Occurs very abundantly in detached pinnules.

—

Cijclnp.

rnr/«. Daws. Jlare.

—

N. pol'pnorplh Daws, l^xtrcnicly abuu-

dar.t, never inhwgui'vondti.- Sphoioparls //cen/ni/fiani^ii, Urongn.

Quito abundant, often in fine fronds.— »S'. maripnata, Daws.

Abundant, in iino fronds.

—

S. JIarttii, Daws. \'ery rare.—The

original specimen came from this bed.

—

S. l/itc/icnrkldiiii,

Daws.

—

liymcnophyllitcs UcrsihirJfU, (jioeppt. Uather rare.

—

//. obtusilobus, (jioeppt. Rare.— //. curtilobus, Daws.

—

I'cvop-

teris (^Aldhopteris) discrrpans, Daws. Among.st all the abun-

dance of plants aflorded by lied No. 2, I have detected only

one or two pinnules of this fern, which appears first in abun-

dance in Bed No. 3. It is afterwards one of the most common
species.

—

Pecopteris inffcns, Daws. Very rare, oidy two or three

fragments of pinnules having been found.

—

Tric/iomanitcs (?)

—only a single specimen, probably, as Dawson has suggested,

only the .skeleton of a fern.

—

Cardiocarpiim cornutum, Daws.

Abundant, and very finely preserved, never attached.

—

(J.

obliqitum, Daws. Quite abundant, also never attached.

—

Trigonocarpum racemosum, Daws. Rare.

—

Euri/ptrrus puli-

carts, Salter. The occurrence in Red No 2 of this minute

Crustacean was first detected by my friend Mr George

Matthew. It is very rare, not more than four or five .specimens

having been found by Messrs Matthew, Payne, and myself, at

the time of the description of the species by Salter. I have

since that time succeeded in collecting nearly twice as many
more, some of which appear to belong to a new species.

—

AmpMpeltis paradoxus, Salter. The .specimen figured in

Salter's paper was found by Professor Dawson and myself, in

breaking a piece of .shale in my cabinet, that came from this

bed. Only one other .specimen has since beeri obtained. It

consists of two or more of the thoracid segments, and was

collected by Mr Lunn. It is in the collection of the Natural

History Society of New Brunswick. In addition to the above

species, this bed has afforded the following :

—

Ci/dopteris, sp.

nov—Neuropteris, .sp. nov. A single specimen collected

by Mr Lunn.

—

Sphenopteris, sp. nov.

—

tipirorbis, ,sp. (?)

The leaves of Cordaites in the upper part of the bed are as

wL.
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ic bed are as

thickly covered with a little Spimrhis as arc the fronds of the

recent fncoids of the Ijcdgcs. Tlui specimens nro too poorly

prescrviid fur idcntilicatinn,

—

Trilobiles. Mr Payne cnllectcd

a minute triiubito from tiiis i)cd. The specinu-n was sent by

IVufcssor Dawson to Mr Salter, but that gentleman has mailo

no mention of it in his paper.

—

fnscrt Remains! \\\ the sum-

mer of 18(!2, I discovered an organism in Hcd No 2, which at

the time I could make nothing of; but which I have since

proved to be the wing of an insect. Several weeks after,

J found in lied No. 8 an uncfiuivocal in.sect's wing. This

discovery was followed by that of others, my father, J. W.
Ilartt, finding another in this bed.

Compact flrtggy sandstone, quite barren ii feet 10 inches.

Plant-hed No. 3 . . . . . 10 ,,

JJlack and lead-coloured shales, (piite compact in upper part, but in

lower very crumbling, splitting irregularly, slickcn-sided, often with

polLshed surfaces, and traversed by thin (luartz-vcins. These shales

are so soft that the sea and weather have everywhere denuded them

to the level of the beach. There arc now no exposures of the bed

workable. The following arc the fossils which occur in it :

—

Calainitcs tra7isitionis, Gocppt. Occasionally.

—

C. canncFfortnis,

Jirongn.

—

Astcruphyllites lalifolia, Daws. Very beautiful

whorls of this plant are very common here, the whorls, though

usually detached, being .sometimes f-^und united three or four

together. Anmdaria acuminata. Daws. Common.

—

Pinnu-

laria dispalans, Daws. Common.

—

Psilophyton clegans, Daws.

Occasionally.

—

P. (?) glabrum, Daws. Occasionally.

—

Curdaite.s

Rnbbii, Daws. Extremely abundant, but not so well preserved

as in IJed No. 2. Leaves apt to be preserved as polished bands

of graphite, with venation obliterated.

—

Cyclopteris obtusa,

Lesqx. Not very abundant.

—

Neuroptcris polymorpha^ Daws.

In beautiful specimens, common.

—

t^phcnnptc.ris marginata,

Daws. Not common.

—

S. Ilceninrjfiausii, Urongn. Not com-

mon.— Pccoptcris [Alcthopleris] discrepans, Daws. It was

here that I first discovered this species. It occurs quite

abundantly, but always in fragments.

—

Cardiocarpum cormdum,

Daws. Quite common.—C obliquum, Daws. Quite common.

Coarse sandstone, full of obscure casts of Stern-

bcrgice and Catamites . . . . .6 feet 6 inches.

Soft shale and fissile sandstone, with Catamites . „ 3^ „

Ml
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«

Sandstones

Slialo, with obscure romalns of plants

Sandstones, barren, so far as examined

Sandstone and shale, with a few Calamiks and

Cordaitcs ......
Samlstone and coarse shale, with obscure mark-

ings 5 ,,

Light greenisli, coarse shale, with fcra-stcms,

Cordaites, and obscure markings, CarpoUles (V) „

Sandstones and coarse shales, with badly pre-

served vegetable remains . • . . 18 „

2 feet 3 inches.

4 „ 10

9

10

7

9

Pl.ANT-l!ED No. 4 1 „ „

Coarse shales, affording at the point where the line of section crosses

it—
Cordaitcs Roblii, Daws.

—

Calamites transilionis, Gocppt.

—

Neu-

roj)feri's pnlymorpha, Daws.

—

Psilophyton glabrum^ Daws.

—

I'inmdaria d/'spalans^ Daws.

I have exnmincd at two different points, in the eastern part of this

locality, a bed which appears to correspond to this. It is characterized

there by a very beautiful Ncuroptcris [N. Daws<)7ii, Ilartt) with long

linear lanceolate pinnules decurrcnt on the rachis, to which they form

a broad wing. The pinnules are often four Inches in length. This

is one of the most beautiful ferns occurring at the locality. Several

other new forms are associated with it. Among these is a magnificent

Cardiocarpum, nearly two inches in diameter (C Baileyi, Daw.).

Sandstone with obscure markings . . .9 feet 6 inches.

Plant-bed No. 5 6 »

Soft, fine-grained light-greenish shale.

Cordaili's Ilobbii, Daws. Extremely abundant.

—

Calamites cana;-

formis, Urongii. Found occasionally.—At/7o/;%/o?i(?)5'^rti;';<???,

Daws.—(?) Asterophyllitcs acicularis, Daws.

—

Pccopteris [Ale-

thopteris) discrcpans, Daws. Quite abundant.

—

Sphenopteris

marffinata, Daws. Quite abundant.

—

Sphenoptcris margi-

nata.—Pecopteris, sp. nov. (?)

—

Hymenophyllites, sp. (?)—i\^<?M-

ropteris pob/morpha^ Daws. Very abundant.

—

Spirorbis

occurs in the bed, attached to the leaves of Cordaites. I have

never detected it in any of the beds higher up.

Compact flaggy sandstones and coarse shales, with a few

plants, 8 feet.
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Plant-bed No. G 2 feet.

Fine-grained and light-coloured shale, with great abundance of

Cordaites Rohbii, and Calamites tra7xsi.lio77is ; a1)ovc that a layer of

coarse shale, with Cnz-daites, and stems of plants badly preserved,

then a layer of soft, very friable shale, witli few fossils ; and, lastly,

a layer of coarse shale of a greenish-gray colour, with

—

Pecopteris discrcpa7is, Daws. Abundant.

—

Co7-dailr.s Robbii,

Daws. Abundant.

—

Cala7intcs ca7i7icpfo7'7i7is, Brongn. Ncu-

roptcrispolij/norpha, Daws.

—

Cardiocarpuni co7Vi!itu77t, Daws.

—

Cardioca7'pu77i obliquurTi, Daws.

—

Pec(>ptC7'is, sp. nov. Occurs

abundantly in some of the overlying beds.

Sandstones and coarse shales, with abundance of plant-remains,

principally Cordaites and (Jala7rntes 5 feet.

Plant-red No. 7 2 ,,

This is one of the richest plant-beds of the section. The shales

composing it vary much in character in different exposures. They

are for the most part of a gray colour, and compact, like a fine-grained

sandstone, though they pass into a light-brownish, very fissile, soft

shale, and there arc some layers of a very black colour.

Co7'daitfs Robbii, Daws. Very abundant, and in a beautiful state

of preservation.

—

Cala77iites trcmsitio7iis, Gocppt. Not abun-

dant as good specimens.

—

C. can7ia'for77>is, Brongn. Karc.

—

(?) Asterophyllites acicula7'is, Daws, in very beautiful specimens,

very common in certain thin layers. There arc two or three

other species, occurring also in the overlying beds, which

appear to be new.

—

A7i7iida7-ia acri7)iiuata, Daws. Extremely

plentiful.

—

Pi7i7iidaria dispala77s, Daws. Extremely ])lentiful.

—

{^)Psiloph7jto7i elcffans, Daws. I have obtained several specimens

of a Psilop/i7/to7i, growing in tufts, and closely resembling this

.species.

—

Neuropteris j7oli/777orpha, Daws. Occasional.

—

Pe-

copteris [Alethopteris) disc7'epans, Daws. Abundant, and

obtainable in good specimens.

—

Cijclopteris obtusa, Ecsqx.

Occasional.

—

>'^phe7iopteris 77iarffi7iata, Daws.

—

Jfij77ie7iophijllitcs

subfu7'cotiis, Daws.

—

Cardtoca7'pi(77i cor7ndia77, Daws. Quito

abundant.

—

C. obltqina7i, Daws. Quite abundant.— C. C7'a77ipii,

Ilartt.— Alcthopteris Perlei/i, llartt.— Sp]i('7iopteris pilosa,

Daws. Several other plants not yet determined.

—

I/isects.

A single insect's wing was obtained from this bed by my father

and myself.

Compact sandstone and coarse shales (barren of fossils) . 3 feet.

m
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PLANT-nED No. 8 1 foot 10 inches.

Finc-graiiied, tough, but fissile sandstones, rather coarse shales, often

of .a greenish cast, and at the top a thin layer of very black shale

very rich in plants. The middle portion does not contain so many
plant remains, but the lower is as well stocked as the leaves of a her-

barium. The following are the fossils I have collected from it :

—

Cordaites Rohbii, Daws. As usual in great profusion, and in

very fine specimens.

—

C. transitionis, (ioeppt. Occasional.

—

C. cannccfurmis, lirongn.—(?) AsterophijUites acicidaris, Daws.

Quite common, together with one or two other species

apparently new, which occur also in Bed 7.

—

Annidaria

acuminata, Daws. Extremely common, especially in certain

layers.

—

Finnularia dispalans, Daws, Abundant.— (?) Lyco-

jwditcs Matthewi, Daws. Rare.

—

Cyclopteris obtusa, Lesqx.

—

Cyclopteris, sp. nov.

—

Xcuropteris poli/morplia, Daws. Quite

frequent in detached pinnules.

—

IlymcnophyUites subfurcatus,

Daws. Very common.

—

Prcopteris [Alethop.) discrcpans,

Daws. This is the most abundant fern in this bed. It

occurs usually in detached pinnules, though n.ot unfrequently

in considerable fronds.

—

Pecopteris [Alethop.). Besides the

above, there are three or four other species, some of Avhich

occur also in Beds 6 and 7.

—

Cardiocarpum cornulum, Daws.

Not very common.

—

C. obliquum, Daws. Also not very

common.— C. Crampii, llartt. Quite common.—Several other

species of plants not yet determined.

—

Insects. Two species, two

specimens. One was obtained by my friend, Mr James llcgan.

Sandstones and coarse shales, with badly preserved Cordaites Itobbii,

Daws., C. tra7rsitioms, Goeppt., and Pecopteris (A.) dis-

crepans ......... 26 feet.

Fine-grained, light-greenish shale, with obscure remains . 1 foot.

Sandstone and shales, with Calamite.s and obscui'C markings . 23 feet.

This brings up the section to those beds which are exposed within

a few feet of low-water mark. Owing to the short time during which

the rocks are laid bare by the fall of the tide, to their hardness, and

to the way in which they are rounded down by the surf, the work of

exploring this part of the section is very difficult, and I have not been

able to give them a very close examination. A very rich plant-bed

crops out within a short distance of low-water mark on the very east-

ern margin of the Ledges. Its place in the section is somewhere near

Bed 8. It is characterized by Cycloptcris valida, Daws., which
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appears to bo limited to it. The unique specimen figured in Dawson's

Paper ' On the Flora of the Devonian Period, etc.' (plate xvii. fig. .')2),

came from this bed. I obtained here a magnificent frond of Xcurop-

teris poli/morpha, Daws., showing its structure finely, and tlie different

forms of the pinnules in different situations on the frond. Many of

tlie species common in the underlying beds arc also to be found in

this ; but I am unable to give a complete list.

Total thickness of the beds embraced in tliis section . 444 ft. 11 in."

Fauna of the Devonian Plant-beds of St John.

It will be necessary to devote a separate chapter to the interesting

plant-remains of St John, Avhich present to us a picture of the

vegetation of the world at a period anterior to that of tlie great

coal-deposits, more perfect, perhaps, than that to be obtained in any

other known locality. I shall notice here some small crustaceans

and worms which lived in tlic waters into which these plants were

drifted and four species of Insectn, the very oldest known to geo-

logists, and which flitted through the old Devonian woods.

Fig. 179 {a, b).—Euryiiterm imlicaria. Fig. 180.

—

Avqihipeltis paradoxus.

Attached to some of the fossil plants in the Cordaite shales, we
have, just as in the Coal formation, shells of Splrorbis. I liave

not been able to satisfy myself as to whether these are the fivmiliar

S. carbonarhi" of the coal or a distinct species. The crustaceans

found with them are of two species, one, a little shrimp-like creature,

belongs to the genus Euryptcrus. It was found by Mr Matthews,

and has been described by Mr Salter as E. jndicaris (Pig. 179).

The other is of higher type, perhaps allied to the modern Stomapods,

and has been named by Mr Salter, to whom I sent the specimen.

i m
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which was from Mr Ilnrtt's collection, Amphipeltis paradoxus*

(Fig. 180).

The insects found in these beds are of the very greatest geological

interest, as being the oldest known representatives of that type.

They occur in the same shales with tlie phints, and arc thus proved,

both by stratigraphical and palivontological evidence, to be older

than the Carboniferous perio( . I have, therefore, figured the

remains found, which are all from the collection of Mr llartt, and

which have been kindly described by Mr Scudder of Boston, one

of our best authorities on questions of this kind. They were all

Neuropterous insects, and allied to the Ephemeras. It is interesting,

however, to observe that, like many other ancient animals, they

show a remarkable union of characters now found in distinct orders

of insects, or constitute synthetic types, as they have been named.

Nothing of this kind is more curious than the apparent existence of

a stridulating or musical app.iratus like that of the cricket, in an

insect otherwise allied to the Ncuroptera. This structure also, if

rightly interpreted by Mr Scudder, introduces us to the sounds of

the Devonian woods, bringing before our imagination the trill and

hum of insect life that enlivened the solitudes of these strange old

forests.

Mr Scudder has kindly furnished descriptions of these insects

as follows :

—

Fig. 181.—Platepliemera nnti'qiia, Scntlder.

^z:/

*' The direction of the principal ncrvurcs in this insect convinces

me that it belongs to the Ephemerina, though I have never seen

in living Ephemerina so much reticulation in the anal area as

exists here—so, too, the mode in which the intercalary nervules

arise is somewhat peculiar. It is a gigantic species, for it must

have measured five inches in expanse of wings—the fragment is a

portion of an upper wing."

" At first sight the neuration of the wings seems to agree suffi-

ciently with the Sialina to warrant our placing it in that family

* Journal of Geological Society, February 1863.
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but it is very interesting to find, in addition to minor peculiarities,

that near the base of the wing, between the two middle veins, there

is a heavy cross-vein from which new prominent veins take their

Fig. 182.—Iloinotlietusfossilia, Scuddur.

rise; this is characteristic of the Odonata, and of that family

only. We have, therefore, a new family lepresenting a synthetic

type which combines the features of structure now found in the

Odonata and Hialina, very distant members of the Ncuroptera.

The fragment is sufficiently preserved to show the direction, extent,

and mode of branching of nearly every i)rlncipal ncrvure. It is

evidently a portion of an upper wing ; the insect measured not far

from 3^ inches in expanse of wings."

Fig. 183.

—

Lithentonmm Ilartlii^ Scudder.

" This was the first specimen discovered by Mr C. F. Ilartt, and

I have, therefore, named it after him :—apparently, it docs not

belong to any family of Neuroptera rei)resentcd among living

forms. It agrees more closely with the family Iloneristina, which

I founded upon a fossil insect discovered in Illinois, than it does

with any other ; but is quite distinct from that, both in the mode

of division of the nervurcs and in the peculiar cross-veining.

The fragment which Mr Ilartt discovered is very imperfect; but,

fortunately, preserves the most important parts of the wing. I am
inclined to think that it was a lower wing. The bisect probably

measured 3|- inches in expanse of wing."

Fig. 184.

—

Xeiwneura antiquorum, Scudder.

" Although in this fragment we see only the basal half or third of

a wing, the peculiar mode of venation shows that the insect cannot

belong to any known family of Neiiruptcra, living or fossil
;

yet it is

evidently a Neuropterous insect. In addition to its other peculiarities,

w
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thcic! is one of striking importance, viz. :—the development of

veinlcts at the base of tlie wing, forming portions of concentric

rings. I liiivc endeavoured in vain to cx|)lain these away as some-

thing foreign to the wings, accidentally introduced upon the stone,

and I know of nothing to which it can be compared but to the

stridulating organ of some male Orthoptera ! It is difficult to tell

whether the fragment belongs to an upper or an under wing. Its

expanse of wings was probably from 2 to 2^ inches."

Useful Minerals of the Devonian.

In Nova Scotia the only important mineral deposit known to be

contained in the rocks of this system is the iron ore of Nictaux and

Moose Iliver. This is a confornnvblc bed, at Nictaux about six feet

in thickness, and quite accessible, as it crops out at the surface without

any cover. The outcrop of the bed appears at several places in Nic-

taux, and also at Moose lUver, where the thickness appears to be less

than at the former place. At Nictaux the ore is a peroxide of iron,

laminated in structure, and full of fossil sliells. At Moose River it is

in the state of magnetic iron, but retains its characters in other

respects. A specimen in my collection from Nictaux contains 55'3

per cent, of iron. Tiiis ore is thus of great value, but is not at present

worked. Its distance from the coal-fields, and the consequent

necessity of smelting with charcoal, are obstacles in the way of its

commercial application.

In New Urunswick several important mineral deposits have been

recognised in the Devonian of the south coast. The following account

of them is from Bailey's Report. INIore full details as to one of these

deposits, the Vernon Copper Mine, are contained in Professor Hind's

Preliminary Report.

'^ Iron Ores.—The principal locality for this metal is the dis-

trict in the vicinity of West Beach and Black River, where several

large beds of hematite occur. As they arc Avell known, and were

described in a previous Report, It is not necessary to make further

allusion to their character, than to say that one portion of the ore

occurs in a coarse reddish-gray conglomerate, the other, two or three

miles to the eastward, in beds of trappean and micaceous slates.

These rocks have been shown by IMr Matthew clearly to form a

portion of the Cordaite shales In the Devonian series.

" Besides the ore-beds alluded to, iron is abundant in seams and

veins through most of the rocks occurring in this district, and it is

not improbable that further search would reveal the latter in available

quantities.
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" The only remaining district likely to be productive of this metal

is the peninsula of I'isariiico. I have already alluded to the rcseni-

blanco between the latter and the beds of Beveridgc Cove, and stated

that specular iron is not uncommon in its southern portion. Were

the metal in greater demand, its presence in tliis region might be

looked for with very good prospect of success. The same is true of

the district lying to the west of Musquash Harbour, and thence towards

the liasin of Lcprcau.

" Copper Ores.—The most important and well-known localities of

copper, appertaining to this series, arc the mines occurring in the

eastern portion of St John, and western portion of Albert, counties.

In the district alluded to, between Martin's Head and the settlement

of Great Salmon River, no less than four distinct attempts have been

made to carry on operations, with varying success. These constitute

respectively the Vernon, Alma, Gordon, and Williams Mines. The

three latter were visited by myself in the summer of 1863, and de-

scribed in my Report of that year ; the former, though also alluded to

in the same Report, was not visited until the past season. It may
therefore not be out of place to add a few observations, made by Mr
Matthew and myself, upon its present condition.

"The Vernon Copper Mines are situated upon the Bay Shore, about

three miles eastward of Martin's Head, and about two from the mouth

of Goose Creek. The rocks in which operations have been begun arc

metamorphic beds of the Bay Shore belt, which here rise abruptly

from the level of the sea to a height varying from six to eight hun-

dred feet. Their character has Jilready been described. They consist

of dull purple and gray micaceous shites, conglomerates, and grits,

much injected with igneous matter, and holding veins of quartz, calc-

spar and chlorite. They are in every way identical with the rocks

of Martin's Head and the region to the westward, belonging, with the

latter, to the Cordaite division of the Little River group, a formation

referable to the Upper Devonian age.

" Since the date of my last Report, operations of a vigorous char-

acter have been begun, and a force of about forty men is now constantly

enijdoyed. At the time of my visit, three adits had been driven near

the base of the hill, and preparations were in progress for systematic

labour. Owing, however, to the abrupt character of the shore, the

want of a suitable harbour, and the difficulty of procuring supplies

through the unsettled district above, active operations had been greatly

retarded. A road is now being opened to connect the mines with

the Shepody Road, and I believe it is the intention of the Company
to erect a breakwater, whereby the obstacles at present existing may
be greatly diminished.

,(t't
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" The rocks of the Alma, Williarns, and CJonlon Mines, arc ill every

•way similar to those of the Vernon, ami, for this reason, do not require

fnrtlier ni)ticc. AH miiiinj^ operations at these localities have been

for the present discontinued.

" In addition to the i)laces above described, the following arc locali-

ties appertaining to the Cordaite shales, in which the preseueo of ores

of co|)per has been ascertained:

—

"(a.) The shores of the (Jreat Salmon River, Albert County,

probably a continuation of the lodes at the Ahna and Ciordon Mines.

Ore—Copper glance.

" (i.) On the Farm of Andrew M'Farlanc, three miles back of

Salmon River, Albert, and on the road to New Ireland. Ore—Peacock

copper and yellow sulphuret, in dark slaty grits. No explorations

have been made.

"(c.) Near entrance of Little Salmon IJlver, St John County.*

A small quantity of copper associated with much iron pyrites, occur-

ring in slate.

" (J.) M'Lachland's Farm.* Indications somewhat more promising

than at the last named locality.

" (e.) Near Martin's Head, at foot of the hills, on the north side of

the marsh connecting the headland with the shore. Ore—Erubeseite

(or Peacock ore). The specimens seen were of a very rich character.

No attempt had been made, at the time of our visit, to ascertain the

extent of the deposit, but the locality is a promising one, and deserves

further exploration. The focilities for the successful carrying on

of mining operations are very superior to those of the Vernon Mine,

the land being lower, and the shore protected by the promontory of

Martin's Head. Indications of copper have also been observed upon

the Head itself.

"
(/.) Shepody Mountain. Near the Manganese Mine of Mr

Stcadman, a shaft has been sunk in greenish chloritic slate, to a depth

of 50 feet in search of copper, -which is said to occur in veins of

quartz. The locality was examined by Mr Ilartt, but no indications

of that metal were observed. It has also been stated that native

copper occurs in quartz veins in the conglomerates of the Manganese

Mine.

"
(</.) Black River Settlement, on the mountain road from Loch

Lomond. Ore—Copper pyrites and the green carbonate, in hard

clay slate*

" ill.) Pisarinco. Yellow sulphuret of copper has been found in the

altered slates and grits of this peninsula, but not in pi'ofitable quantities.

* Observed by Mr Matthew.

t - ,
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" At all the above named localities, the rocks arc certainly mombcrs

of the upper division of the Little llivcr group. In those which follow,

the beds are probably portions of the same scries, but, as expressed in

the remarks on the characters of this group, their position has not been

ascertained with al)soliitc certainty.

"
(/.) IJlackwood Block, Albert County. I am informed by Mr

Matthew, that in this district, and near the lake wliieh forms the

source of one of the branches of the Sahnon llivcr, copper has recently

been found by Mr C F. Keans of St John.

" The latter gentleman observed some veins, and numerous boulders

of quartz on the hillsides about the lake, as well as felspar, mica (silvery

gray and black), hornblende, actinolite, and chlorite. The copper

was observed in a ledge of hard gray metamorphic slate, on the north

side of the lake, filling seams in the rock, and is a green carbonate,

not the original ore. The accompanying rocks are described as paler

and coarser slates, some of the hitter having an ash-like aspect (vol-

canic ?), and reddish felsite. All of these rocks arc similar to those

occurring in the Corduitc shales, or cupriferous band of the coast.

Both of the above named gentlemen, to whom I am indebted for tlie

facts of its occurrence, regard the locality as a promising one, and

deserving of further examination.

" This locality is not very distant from the point at which particles

of drift gold were observed by myself and others in the summer of

1863. The occurrence of the latter is curious, and difficult of ex-

planation. It can scarcely be sui)j)osed that this metal should have

come from beds of Devonian age, such as those of the neighbourhood

appear to be. Neither are there any rocks of a greater age in this

portion of the province, unless we suppose the re-appeai-ance of the St

John slates, or some portion of the Coldbrook and Portland groups.

As to the former, as far as observed to the eastward, no approaching

alteration, such as is usually found in gold-bearing series, w&s ob-

served, and eastward of King's County the group itself appears to be

entirely wanting. The same is true of the Portland group, but it is

not at all unlikely that beds of the Coldbrook may be represented in

this district, and to them we must provisionally look for the origin of

this metal. It should, however, be borne in mind, that Dr Hayes of

Boston has, by analysis, ascertained the jji-esence of gold in the rocks

of the Vernon Mine, also a part of the series of which the locality at

Blackwood is supposed to form a member.
" {k.) Beech Hill, Westmoreland. On the south-eastern side of the

Memramcook River, in the parish of Dorchester, and about three miles

from Charters' Inn, occurs a very singular metalliferous locality, but

2 M
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recently discovered, ftud which opens a now ficM of investigation in ii

district heretofore supposed to be destitute of metal-bearing rocks.

" Tlic precise h)cality where this discovery was made, is on the hind

of Josppli Landry, constituting a portion of the settlement known in

the vicinity as Beech Ililh Tiie hind has been leased from its owners

by Mr Alex. Wright of Salisbury, with whom I paid a visit to the

spot during the past season.

" In exannning the district where the ore occurs, 1 found that the

hind immediately surrounding the lode is everywhere covered with

rocks of Carboniferous age, over the surface of which arc scattered

innumerable boulders of highly crystalline quartz. The beds from

which the latter have been derived are not directly visible, but near

the point where they arc most abundant, a j)it has been sunk to a

depth of about five feet, exposing a distinct (piartz lode of from four

to five feet in thickness. This lode has a course about N. 22° AV., a

nearly perpendicular dip, and is bounded by regular walls. Only

one of the latter was distinctly visible, and consisted of buff-coloured

and reddish altered grit or breccia. Covering the latter, as well as a

portion of the lode, arc an ochreous clayey conglomerate, 'en a

reddish slaty clay, and, finally, over all some two or three feet of soil.

These uppermost deposits have a decidedly Carboniferous look, and

are destitute of metallic indications.

" The ore, which is confined to the quartz lode, is the gray sulphuret,

and is scattered through the rock in veins and spots, while, by altei'a-

tion, it has given a green tinge to much of the associated gangue. A
portion of the quartz is distinctly, and at times finely, amethystine

(indicating the presence of manganese). Barytes is also found in the

lode, and specimens from the neighbourhood contain a green variety

of fluor. There seemed to be an entire absence of calcareous matter.

*' Hoping that some exposures might be found in the neighbourhood,

by which the age of the deposit could be ascertained, I made a careful

search, but found no beds in situ, with the exception of Carboniferous

sandstones, shales, and conglomerates, the former holding characteristic

plant.s. Boulders, however, were common, and evidently derived from

a metamorphic series, such as gneiss, syenite, mica schist, green and

ashy slates.

" This locality is certainly an interesting one, and worthy of further

exploration. It would seem to imply an easterly prolongation of the

metalliferous coast belt, as well as a great thinning out of the Carbon-

iferous beds by denudation. It is not unlikely that similar exposures,

from which the boulders have been derived, may be discovered in the

neighbourhood."
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THE DEVONIAN VE.IUOD- Continued.

FLOKA Ot TIIK, DEVONIAN.

The state of our knowledge of thi subject at the time when the

writer commenced his labours n[ujn it, nuiy be hinied from tt'c fol-

lowing extract from his \nx]>v' 18GI, alreau' referred to :

—

" The known flora of th rocks old< >' than the Carboniferous system

has until recently been very scan'y, . ud is still not vary extensive.

In Goeppert's recent memoir in tlif flora of the !Siluri;i'i, JJevonian,

and Lower Carboniferoub rocks,* he ^numerates twenty species as

Silurian, but these are all admitted to bo Algic, nnd several of them

are remains claimed by the zoologists as zoophytes, or uuilb of worms

and moUusks. In the Lower Devoni m, he knows but six species,

five of which arc Alga3, and the remaining one a >Sigillaria. In the

Middle Devonian he gives bnt one species, a land plant of the genus

Sagenaria. In the Upper Devonian the number rises to fifty-seven,

of which all but seven are terrestrial plants, representing a large num-

ber of the genera occurring in the succeeding Carboniferous system.

"Goeppert does not include in his enumeration the plants from the

Devonian of Gaspe, described by the author in 1859,f 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 ago

described by Lesquereux in Rogers' 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 certain

specimens found in the Upper Ludlow of England,^ appear to prove

the presence of Lepidodendron in that formation ; and that, in the

paper above referred to, I have noticed specimens from the Gaspe

limestone which seem to me to indicate the occurrence of Psilophyton

and Noeggerathia ov Cordaites in the Upper Silurian of Canada.

* Jena, I860.

t Journal of Geological Society of London, also Canadian Naturalist.

I Murchiaon's "Siluria,"p. 152, Journal Geol. Soc. vol. iv.
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" It thus appears that, according to our present knowledge, the plant

life of the land, so rich in the Coal formation, dies away rapidly in the

Devonian, and only a few fragments attest Its existence in the Upper

Silurian. Great interest thus attaches to these oldest remains of land

plants ; and fragmentary though they are, and often ob.5Curc, they

merit careful attention on the part of the geologist and botanist.

" No locality hitherto explored appears more favourable to the study

of this ancient vegetation than those parts of Eastern America to

which this paper relates. The Gaspe sandstones have already afforded

six Devonian species, some of them of great interest, and in a remark-

ably perfect state of preservation ; and from beds of similar age in

New Brunswick and Maine, I am now prepai'cd to describe at least

ten species, most of them new. This already raises the species found

in the band of Devonian rocks, extending through the north-eastern

States of the Union, and the eastern part of British America, to one-

third of the number found in all other parts of the world ; and the

character of the containing rocks, the number of nondescript fragments,

and the small amount of exploration hitherto made, justify the hope

that a much larger number may yet be discovered."

In the paper from which the above extract is taken, the total number

of American Devonian species was raised to twenty-one, of which

seven were from St John. Subsequently the much larger collections

obtained at this place, farther collections by the writer at Perry, and

specimens kindly placed at his disposal by Professor Hall of Albany and

Sir William Logan, have raised the known species to eighty-two ; and

have thus placed Eastern America, in the matter of prc-carboniferous

land plants, in advance of Europe. To these I am now able to add

eleven species recently obtained by Mr ITartt, .ind not before published,

making the whole number ninety-three, of which fifty have been found

in the St John beds.

The general character of the Devonian flora, in comparison with

that of the Carboniferous period, may be thus stated :

—

1. In its general character the Devonian flora resembles that of tlie

Carboniferous period, in the prevalence of Gymnosperms and Crypto-

gams ; and, with few exceptions, the generic types of the two periods

are the same. Of thirty-two genera to which the species described in

this paper belong, only six can be regarded as peculiar to the De-

vonian period. Some genera arc, howcve^^ relatively much better

represented in the Devonian than in the Carboniferous deposits, and

several Carboniferous genera are wfinting in the Devonian.

2. Some species which appear early in the Devonian period continue

to its close without entering the Carboniferous ; and the great majority

..ti
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of the species, even of the Upper Devonian, do not reappear in the

Carboniferous period ; but a few species extend from the Upper De-

vonian into the Lower Carboniferous, and thus establish a real passage

from the earlier to the latter flora. Tiie connexion thus established

between the Upper Devonian and the Lower Carboniferous is much
less intimate than that which subsists between the latter and the true

Coal measures. Another way of stating this is, that there is a con-

stant gain in number of genera and species from the Lower to the

Upper Devonian, but that at the close of the Devonian many species

and some genera disappear. In the Lower Carboniferous the flora is

again poor, though retaining some of the Devonian species ; and it

goes on increasing up to the period of the Middle Coal measures, and

tlii.-- by the addition of species quite distinct from those of the Devonian

period.

3. A large part of the difference between the Devonian and Car-

boniferous floras is probably related to different geographical condi-

tions. The wide swampy flats of the Coal period do not seem to have

existed in the Devonian era. Tlie land was probably less extensive

and more of an upland character. On the other hand, moreover, it

is to be observed that, when in the Middle Devonian we find beds

similar to the underclays of the Coal measures, they are filled, not

with Stigmaria, but with rhizomes of Psilophyton; and it is only in

the Upper Devonian tliat we find such stations occupied, as in the

Coal measures, by Slgillaria and Catamites.

4. Tiiough the area to which this paper relates is probably equal

to any other in the world in the richness of its Devonian flora, still it

is apparent that the conditions were less favourable to the preservation

of plants than those of the Coal period. The facts that so large a

proportion of the plants occur in marine beds, and that so many stipes

of ferns occur in deposits that have afforded no perfect fronds, show

that our knowledge of the Devonian flora is relatively far less com-

jilete than our knowledge of that of tlie Coal formation.

5. The Devonian flora was not of lower grade than that of the Coal

period. On the contrarj', in the little that we know of it, we find

more points of resemblrmcfi to the floras of the Mesozoic period, and

of modern tropical and austral islands, than in that oi the true Coal

formation. We may infer from this, in connexion with the preceding

general statement, that in the progress of discovery very large and

interesting additions will be made to our knowledge of this flora, and

that wc may possibly also learn much more of the land fauna contem-

poraneous with it.

6. The fades of the Devonian flora in America is very similai- to

If ,iMR
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size, being fully one- third larger in their diameter than those of Pinus

strobus or Arancaria Cunninghamt, and also much larger than those of

Fig. 185.

—

Dculoxyhn Ouanyondianum.

A B

....L.i.
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dant at St John, both in the sandstone containing coniferous trees, and

the shales which afford Ferns, Cordaltcs, etc. Some of the beds of

the latter arc filled with flattened stems. This was one of the first

fossils recognised in the St .Tohn rocks, specimens having been shown

to me in 1857 by the late Professor Kobb.*

Fig. 18G.— Calamifc.i transitionis.

Calamites cannmformis, Brongniart. This species, presenting the

characters which it exhibits in the Coal measures, occurs in the ledges

west of Carlton, associated with the last species, but in much less

abundance. It is a widely distributed species, but has not, I believe,

been found previously in rocks older than the Lower Carboniferous.

{Asterophyllitcs, etc.)

Asterophyllites acicidaris, Dn. (Fig. 194, II and IP). Stems slender,

striated, thickened at the nodes, leafy. Leaves one-nerved, linear,

* Dr Qesner mentions (Second Report, 1840, p. 12) a Calamite (probably this species)

as occurring near Little Kiver.

']vl'
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slightly arcuate, ten to fifteen in a whorl, longer than the internodes.

Length of leaves one-half to throe-fourths of an inch. This plant

is abundant in some layers of shale near Ht John. It resembles

A.foliosa, L. and II., but the leaves are longer, loss curved, and more

numerous in a whorl. Some of the s|jecimens show that the stem was

leafy, as well as the branches; and I have a specimen, apparently the

termination of a main stem, showing the whorls of leaves diminisiiing

in size toward the apex. My specimen of this and the following

species of Astcrophyllites are from the collections of Messrs Matthew

and Ilartt, and were obtained from the ledges and cliffs west of

Carlton. I believe the small strobiles, one of which is seen at 11'^

to be the fruit of this species.

Fig. 187.

—

AstcrojyJiyllitcs.

A, AstcropliylUtes Intifolia. D, A. latifolia, larger whorl of leaves.

B, Do. apex of stem (?) I'niit, Di, Leaf.

C and C, Astcrophyllites scutigera.

Asteropliyllites latifolia^ Dn. (Fig. 187, A, B, D). Stem somewhat

slender, with enlarged nodes. Leaves oblong-lanceolate, about thirteen

in a whorl, one-nerved, longer than the internodes. Length of leaves

varying from one-fourth of an inch, near the ends of branches, to an
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inch or more. This species abounds in the same locality with the

preceding, and is often very perfectly preserved. It has some re-

semblance to A. galiuides, L. and II., and to A.fcrtilis, Sternberg ; but

it differs from the former in the number and form of the leaves, and

from the latter in the acuteness of tlioir points. The fruit or growing

extremity of the stem is represented at (B).

Asterophyllites {?) scittigera, Dn. (Fig. 187, (".) Stems simple,

elongated, attaining a diameter of half an inch, obscurely striated
;

bearing on the nodes whorls of round or oval scales, or flattened nut-

lets, which at the ends of the stems are o'owdcd into a sort of spike,

while on other parts of the stems the nodes are sometimes an inch

apart. This is a plant of uncertain nature, wiiich I place oidy con-

jecturally in this genus. The stems, which are very long, may have

been horizontal or immersed, and the apparent scales may cither have

constituted a sort of sheath, as in A. coronata, linger, or may have

been seeds or nutlets flattened like the rest of the plant. Near some

of the specimens are fragments of linear leaves, which may have

belonged to this plant, though I have not found them attached.

When flattened obliquely, the stems appear as rows of circular marks,

which represent the harder tissue of ihe nodes, and have a very

singular appearance. This plant, though found with the preceding,

does not occur in the layers which contain the other plants ; and this

may possibly mark a difference of habitat.

Asterophyllites longifolia, Brongniart. In the shales containing the

preceding species are some fragments of an Asterophyllites with slender

stems, internodes about an inch in length, and linear leaves two or

three inches in length, and about six to eight in a whorl. It may
belong to the species here named ; but the remains are not sufficiently

distinct to render this certain.

Asterophyllites parvula, Dn. (Fig. 188, A). " Canad. Nat.,"

vol. vi. p. 168, figs. 6 a, b, c. Branchlets slender. Leaves five or

six in a whorl, subulate, curving upwards, half a line to a line long.

Internodes equal to the length of the leaves or less. Stems ribbed,

with scars of verticillatc branchlets at the nodes. This diminutive

species was originally found by Mr Matthew in the graphitic shale,

associated with the Dadoxylon sandstone, at the southern part of the city

of St John. Small fragments of it have subsequently been obtained

from the shales of Carlton.

Asterophyllites laxa, sp. nov. Stems very slender and flexuous.

Internodes about an inch long. Nodes with about ten long linear

one-nerved obtuse leaves an inch or more in length. This form was

included in A. longifolia in my former paper, but additional specimens

\:i
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show it to be quite distinct. The Devonian plant-beds of St John

are relatively richer in species and individuals belonging to the genus

Fig. 188.

—

AsterophjlUtcB, SpJienojihyUum, and Lycopodite».

w

m

I li

f"X

A, Asteropliyllitcs parvula; (n) Branches; (A) Leaves enlavRod; (c) Stem.

n, Sphenophylliim antiquum
;

(n) Magnified
; (6) Natural sizo.

C, Lycopodites Matthewi
;
(o) Uranch and leaves

;
(i, c, d) Different fomis of leaves.

AsterophylUtes than any zone of the Coal formation with which I am
acquainted. The genus is represented in the Devonian of Europe,

and more especially by the fine species A, coronata from Thuringia.

Annidaj'ia acuminata^ Dn. (Fig. 194, G). Leaves oblong, acu-

minate, one-nerved, six to nine in a whorl, ei'ect or slightly spreading.

Whorls usually found disconnected. Detached whorls of this species

occur, though rarely, on the surfaces of the shales of Carlton. It

seems to be a plant of the same type with A. sphenophylloidcs, linger,

which, according to Lesquereux, occurs in the Coal formation of

Pennsylvania. Some specimens show a few whorls attached to each

other by a very slender stem.

Sphenophyllum antiquum, Dn. (Fig. 188, B). "Canad. Nat.,"

vol. vi. p. 170, fig. 7. Leaflets cuneatc, one-eighth of an inch wide

at the apex, and less than one-fourth of an inch long. Nerves three,

bifurcating equally near the base, the divisions terminating at the

apices of six obtuse, acuminate teeth. About eight leaves in a whorl.

This plant was described from a few detached leaflets fi'om the

graphitic shale of St John, which preserved their form and venation

iu the most wonderful perfection, though they were completely
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changed into films of shining grni)hite. I have since obtained from

Mr llartt a specimen found at Carlton, which, though the individual

leaflets are more indistinct, shows their general arrangement in whorls

of eight or nine on a slender stem. It is a beautiful symmetrical little

plant, quite distinct from i\ny of tlie species in the Coal measures.

Pinnularia dispalans, Dn. (Fig. 194, L). Smooth slender stems,

producing nearly at right angles long branchlets, some of which

j)roduce secondary branchlets in a pinnate manner. Stem and

branches having a .slender vascular axi.s. Tliis plant was not very

dissimilar from some common forms of Carboniferous Pinnidaruv. Its

main stem must once have been cylindrical, and had a delicate central

a.xis, now marked by a darker line of grapiiite in the flattened speci-

mens. The branches were not given oft" in one plane, and also show

traces of an axis. There are indications that the stems grew in

bundles or groups. It was probably, as lias usually been supposed in

the case of the species in the Coal formation, an aquatic root or sub-

merged stem of an Asterophyllitcs or some similar plant.

(
Lycopodiaceai.

)

Lepidodendron Qaspianum, Dn. (Fig. 189, A). Dawson, Quart.

Journ. Geol. Soc, vol. xv. p. 483, figs. 3 a-3 d. This species,

originally discovered in Gaspe, and described in my paper on the

plants of that locality, was afterwards recognised among the fossils

from Pcny, and more recently at St John ; and numerous and beautiful

specimens arc contained in Professor Hall's collections from New York

State, Avhere the species occur in the base of the Catskill group and

in the upper part of the Hamilton group. The varied a.spccts of the

species presented in the numerous specimens thus submitted to me,

would, with a less perfect suite of examples, afford grounds for specific

or even generic distinctions. Flattened specimens, covered with bark,

present contiguous, elliptical, slightly elevated areolcs, with an indis-

tinct vertical line and a small centi-al vascular scar (Fig. 189). De-

corticated specimens, slightly compressed, show elliptical depressed

areoles, not contiguous, and with only traces of the vascular scars

In more slender branches the areoles are often elevated at one end

in the manner of a Knorria (Fig. 189); and in some specimens

the areoles are indistinct, and tlic vascular scars aj)pear as circular

spots, giving the appearance presented by the plants named Cyclustigma

by Haughton. All these forms are, however, merely different

states of preservation of the same species. This plant is closely allied

to L. nothum, linger, but differs in its habit of growth and in the size

of the areoles relatively to that of the branches. The branches were

!('- ••
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long and slender, bifurcating rarely, and, unless they were very woody^

must have been pendent or decumbent. No largo trunks have been

seen. It was a widely distributed and abundant species in the Upper

and Middle Devonian periods. The plant figured by Professor Rogers

in the " Report on Pennsylvania," p. 821), fig. 677, can scarcely belong

to any other than this .species ; and it is also figured in Vahuxem's
' Report on New York," p. 191, fig. 55, and p. 157, fig. 38.

Fig. 189.

—

Lepidodendron ami I'nilojihijton.

A, Lepidodcndron Gaspiauum. B, C, PsUopliyton clegiins.

Lycopodites Matthewi, Dn. (Fig. 188, C). "Canad. Nat.," vol.

vi. p. 171, fig. 8. Leaflets one-veined, narrowly ovate-acu-

minate, one-tenth to one-fourth of an inch in length, somewhat

loosely placed on a very slender stem, apparently in a pentasti-

chous manner. This species was described from specimens found
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by Mr Matthew in the graphitic shale in the city of St John. Some-

what larger specimens iiave since been obtained from the same bed

;

but I have not seen tlio plant elsewhere.

Psilophyton princeps, Dn. Quart. Journ. Geol. Soc, vol. xv.

p. 479, figs. 1 « to I /. This rcinarlviiblc plant, so charac-

teristic of the whole IJevonian system at CJaspe, tilling many
beds with its rhizomes, in the manner of the Stigmaria of the Coal

measures, and preserved in such abundance and perfection that

it is much better know to us in its form, structure, and habit of

growth than any other plant of the period, proves, as might have

been anticipated, to have had a wide distribution in space as well

as in time. Fragments of its steins are distin;j;uishable in the sand-

stones of Perry, and numerous fine specimens occur among the

plants from New York State committed to me by Professor Hall. It

occurs in the Hamilton group at Schoharie, New York, and at

Akron, Ohio, in the Chemung group at Cascade Falls, and in the

Catskill group at Jefferson. Most of the specimens are stems,

which show the habit of growth very perfectly. They confirm my
inference from the structure of the Gaspc specimens that the

plant was woody and rigid, as they often do not lie in one plane, but

extend upward and downward in the manner of firm branches

buried in sand. Most of the New York specimens seem to have

been drifted ; but groups of rhizomes, possibly in situ, occur in

argillaceous sandstone from FuUenham, Schoharie, and in similar

beds at Cazenovia and Cascade Falls. These are the only instances

presented by Professor Hall's collections of root-beds resembling those

of Gaspe. In New York only the Upper and Middle Devonian

have as yet afforded land plants; but in Gaspe Psilophyton princeps

occurs in the Lower Devonian, and fragments which have belonged

to it occur in the Upper Silurian.

Psilophyton elegans, Dn. (Fig. 189, B, C). Stems slender, pro-

duced in tufts from thin rhizomes, bifurcating and curving at their

summits. Surface smooth, with very delicate wrinkles. Fructi-

fication in groups of small, broadly oval scales, borne on the main

stem below the points of bifurcation. I distinguish this species from

Psilophyton princeps by its smaller size, its smoother surface, its

growth in tufts, and the different form of its organs of reproduction.

Still it must be admitted that imperfect specimens could not readily

be distinguished from branchlets of P. princeps. It was found by

Mr Matthew in the shales near Carlton.

Psilophyton (?) glabrum, Dn. Smooth, flattened, bifurcating stems,

two lines in width, with a slender woody axis. These are objects

mAo '
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of doubtful nature. Tlicy inurtt have been stomfl or rootg, bifur-

cating in tiio manner of /'siln/i/ii/tun, but having a very Bkuidcr

woutly axi.s. 'I'iiey may liave hecn eitiiur roots of some phmt, or

stoma of a smootli and comparatively succulent species of Psilophytun,

Fig. \W.— Corilaites lluhbii.

(it) Group of young luavcs.

ib) Point of leaf.

(c) Ilnsc of lenf.

((/) Vunution ; nmgnifieil.

Cordaites Iluhhii, Dn. (Fig. 190). Leaves elongated, lanceolate,

sometimes three inches wide and a foot in length. Veins equal and

parallel. Base broad, clasping the stem, point acuminate. When

this species was described in my paper in the " Canadian Naturalist,"*

only very imperfect specimens w ere in my possession ; but numerous

and fine specimens recently found now enable me more perfectly

to characterize the qiecies. The leaves vary much In form ; and

* May 18G1, p. 108.
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in their younp Ktat(f, as represented in Kig. 190 «, were often of a

rognhirly ublonj^ form. They have numerous equal parallel nervures,

which were probably fibro-vaseular, like those of Ferns, as tiiey

present precisidy the same appearance as the nerviires of the jihuitrf

of this family preserved with them, and wiiieh, in ihe.se bfaiitifnl

praphitized specimens, are traced in deeper lines of grajthitc than

the film of the same material which represents tlie intervening

parenchyma. In the best preserved specimens, the leaf is (piito

smooth; but in some the space between the ncrvures rises into little

ridges, so as to give a striated appearance. These difi'erent asixicts,

however, often occur on diftereiit portions of tiic same leaf. The
present species so closely resembles C. biirns.vfdlin of tlie (Joal

formation that it might readily be mistaken for it; liut it differs

somewhat in the form of the leaf, and still more in the venation,

the nervures in the present species being perfectly equal.'*

In the paper already referred to, I have slated ur length my reasons

for preferring, in the case of this jdant and C, iMiransifnlht, the generic

name Cordaitcs, to Poacites, Flabellaria, and Nccgyrrathia, all of

which have been applied to .such plants, together with others having

no afllnity to them. To the name J't/r/niophi/lliim, proposed by

Brongniart, this objection does not apply ; but Cordaitcs, I believe,

has priority, and is due to the describer of the typical species.

I associate the genus Cordaitcs with Lycopodiaceous plants with-

out hesitation, notwithstanding the peculiar character of its f(jliage,

because Corda has shown that its stem is strictly acrogenous in

structure, and of the same type with those of Lomatofloyos and

Ulodcndron—a fact which excludes it alike from association with

Monocotyledonous plants and with Ferns. (See Chap. XX., supra,)

It is worthy of notice that, while the leaves of Cordaitcs, unlike

those of Sigillaria and Lepidodendron, were not attached by nai row-

bases, but clasping, they were still, like those of nearly all other

Devoinan and Carboniferous plants, deciduous and capable of

disarticulation, as is proved by the immense abundance of fallen

leaves, while the stems, probably remaining attached to the soil,

are rare. It is further to be observed that these leaves were rigid,

and long resisted decomposition ; on which account, no doubt, tliey

formed a favourite base of attachment for the little iSpirorbes which

swarmed both in the Devonian and Carboniferous Periods. At St

John, many of these leaves are covered with these little shells.

* The ncivares in C borassifolia are alternately thick and thin; but there is

another species in the Ujiper Coal measures of Nova Scotia which has equal

nervures.

2m
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The leaves of the present species are very abundant in the shales

of the vicinity of St John, and indeed are eminently character-

istic of them ; and on this account I regard the dedication of it to

my late lamented friend, Dr Ilobb, as specially appropriate. I have

Fig. 191.

—

Cycloptcria Jacksoni.

(a and b), Pinnules showing venation.

not recognised this plant in the specimens from Gaspe or Perry

;

and the only indication of it in the New York ccllection is a frag-

ment of a leaf from the Hamilton group of Cazenovia, New York,

not sufficiently perfect to render its identification certain.

Cordaitcs angustifolia, Dawson. Leaves linear, much elongated,

one-tenth to one-fourth of an inch broad, with delicate, equal, parallel
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ncrvures. This spicics, originally described from specimens collected

at Gaspe where it abounds in the roof of the little Devonian coal-

seam, occurs also at St John, and in the Marccllus Shale of New
York; and it has also been found by Su- W. E. Logan in the

Upper Silurian of Cape Gaspe, together with fragments of the

rhizomes of rsilophijton. It usually occurs as long riband-like

dctaclied leaves, nut always" easily distinguishable from the flattened

stems and roots of other plants found in the same beds. I have not

seen the apex nor the base of the leaf, but among Professor Hall's

specimens from the Marcellus Shale u one which appears to consist

of tlie remains of several leaves, attached to a short stem, of which

the structure and markings have perished.

Plants closely resembling this are described by Unger and Goep-

pert, from the Devonian of Europe; but the characters given do not

enable me to identify any of them with the present species. Sucli

plants arc placed by those writers in the genus Nocggcrathia., which

I reject for the reasons above stated.

{Filices.)

Cyclopteris Jacl'soni, Dawson (Fig. 191). " Canad. Nat." vol.

vi. p. 173, fig. 9. " Frond bipiniiate ; racliis stout and longitudinally

furrowed
;

pinnae alternate
;

pinulcs obliquely obovate, imbricate,

narrowed at the base, and apparently decurrent on the petiole

;

nerves nearly parallel, dichotomous
; terminal leaflet large, broadly

obovate or lobed." This species, first described, in my pajier in the

" Canadian Naturalist," from a specimen found at Perry, occurs also

in small fragments at St John, and large specimens occur in the col-

lection of Professor Hall from the Old lied Sandstone of Montrose,

INew York. It is closely allied to C. Ilibcrnica, and is its American

rcpiesentative. It would be placed by many botanists in the genus

Adiantites of Brongn., but tlis name is objectionable in the case of

Ferns evidently not related to Adiantum.

Ojdopteris obtusa, Lcsquercux (Fig. 192, A). To this species,

described by Lesquereux, from the Old Red Sandstone of Penn-

sylvania, I refer a beautiful Fern not unfrcqucnt in the .shales near

St John. Lesquereux places it in the genus Xceffgerathia, a name

applied liy other botanists to a very different group of plants.

Cyclopteris valida, Dawson (Fig. 192, B). Tripinnate; primary

divisions of the rachis stout and wrinkled. Pinna; regularly alternate.

Lower pinnules nearly as broad as long, deeply and obtusely lobed,

narrowed and decurrent at the base ; regularly diminishing in size

and breadth toward the point, and the last pinnules narrowly obovate

and confluent with the terminal pinnule. Nerves delicate, several

i'
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Fig. 102.—Dev(nm>i Ferns.
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times dicliotomoiis. This is one of the most perfect and beautiful

of the St John Ferns. It resembles at first sight Sphenopteris

macilenta, L. and II. ; but on examination it differs materially in

details. It is an elaboratu and ornate example of the peculiar type

of Cijclopti'ris already referred to as characteristic of the Upper

Devonian Period.

Cyclopteris varia, Dawson. Pinnate (or bipinnatc). Piimaj with

a thick petiole. Pinnules decreasing in size to the terminal one,

which is ovate and lobed. Pinnules oblique, decurrent on one side.

Nerves frequently dichotomous. This Fern has been found only

in fragments. It seems to have been a thick fleshy frond, but

the specimens are insufficient to show its habit of growth. Its

nearest allies seem to be C. VilUersi, Sternberg {Xcuropteris Villiersi,

Brongn.), and Cyclopteris heterupliylla, Gocppert ; but it differs

from both.

Cyclopteris^ s. n. (?) Many fragments occur in Mr Ilartt's col-

lections of a very large Cyclopteris which may possibly have re-

sembled C. Brownii of Perry in Maine, but the .specimens are not

sufficient for its full description.

Cyclopteris Bockshiana, Goeppert. Fragments referable to this

species (if it is really a distuict species from C obtiisa), are found

rarely in the St John shales. I retain the generic name Cyclopteris

for all these ferns, so eminently cliaracteristic of the Devonian as

distinguished from the Carboniferous ; not that I have any certainty

that they belong to one natural genus, but because they resemble

each other in venation, and the attempts to arrange them in such

genera as Adiantites and Noeggerathia are evidently injudicious.

Neuropteris polytnorpha, Dawson (Fig. 192, C). Pinnate or bipin-

natc. Kachis or secondary rachis irregularly striate. Pinnules vary-

ing from round to oblong, unequally cordate at base, varying from

obtuse to acute, '^erminal leaflet ovate, acute, angulated or lobed.

Midrib delicate, evanescent. Nervures slightly arcuate, at acute

angles with the midrib. This fern is very abundant in the shales

near Carlton, at St John, At first sight it appears to constitute

several species, but careful comparison of numerous specimens shows

that all the various forms may occur on the same frond. In its

variety of forms it resembles N. hetcrophylla, Brongn., or N. hirsuta,

Lesqucreux ; but it differs from the former in its delicate midrib and

acutely angled nervures, and from the latter in its smooth surface.

In the more recent collections of Mr Ilartt there are very fine and

perfect examples which I hope at some future time to figure. The

fragment here figured is a part of a terminal pinna.

i* I,H*
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Fig. 193.

—

Neuropleria DawauiiL*

(a) Frngraent of pinim. (//) Point of pinnulo. (c) Vtination.

* The Midrib is not accurately giveu in this figure.
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Nmropteris Daivsoni, ITartt (Fig. 193). This remarkable fern,

discovered by i\Ir Ilartt, and to which he has done me the honour to

attach my name, presents curious points of affinity to Cyclopterids

and Neuroptorids, and perliaps may, when more fully known, be placed

in a distinct genus. Mr llartt describes it as follows :

—

" Frond, pinnate or bipinnatc (most probably the latter) ; rachis

thick, sometimes when compressed half an inch wide, coarsely striated,

.always winged; pinnai (pinnules?) alternate, very oblique, linear

lanceolate, moderately acute at apex, slightly notched above its base,

decurrent on the rachis, often about an inch in width, and sometimes

six inches long ; margin strong, a few large undulations ; midrib thick,

tapering gradually, disappearing bcfoi-e reaching the apex, straight,

entering a pinna (pinnules ?) obliquely from the upper side, giving off

very numerous nerves, which spring very obliquely from it, running

about parallel with it, forking once near the midrib, and once more

half-way to the margin, sometimes again close to the margin, the

whole series being strongly arched.

*' The pinna?, particularly when the midribs arc thick, show a strong

tendency to split up in a direction to the rachis. I have sometimes

noticed them folded in a conduplicated manner."

Neiiropteris crassa, sp. nov. Single pinnules, broad, oval, oblique

at base, thick, smooth above with very numerous arched veins. A
pinna with somewhat larger piimules similarly veined may belong to

the same species.

There are fragments which possibly indicate two other species of

Neiiropteris.

Sphenopteris Hoeninghausi, Brongniart. One of the fcnis from the

shales near St John appears to be identical with the above species,

which belongs to the Lower Carboniferous of Europe.

Sphenopteris marginata, Dawson (Fig. 192, D). This resembles

the last species in general form, but is larger, with the pinnules round

or round-ovate, divided into three or five rounded lobes, and united

by a broad base to the broadly winged petiole. Found with the

preceding. One specimen, given to me by Mr Ilartt, shows a frond

six inches in length.

Sphenopteris Harttii, Dawson (Fig. 192, E). Bipinnatc or tripin-

nate. Divisions of the rachis margined. Pinnules oblique, and con-

fluent with the margins of the petiole ; bluntly and unequally lobed.

Nerves small, oblique, twice-forked. This beautiful fern very closely

resembles S. alata from ihe Coal-field of Port Jackson, but differs in

several of its details. I name it in honour of Mr Ilartt, the discoverer

of several of the St John ferns. Found with the preceding.
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321, a fern from Colebrook Dale is figured as P. lonchitica, which, so

far as I can judge from the engraving, may be identical with the

present species. Locality, St John.

Alethopteris ingens, Dawson. Pinnules more than an inch wide,

and three inches or more in length, with nervures at right angles

to the midrib and forking twice. Only a few fragments of pin-

nules of this species have been found in the shales near St John.

They are usually doubled along the midrib, as if it had been their

habit to be folded in a conduplicatc manner. Their general aspect

suggests a resemblance to the Mesozoic Tajniopterids rather than to

the Pecopterids of the Coal formation.

Pecopteris [Alethopteris) obscura (?), Lesq. Mr llartt has recently

sent to me, from St John, a pinna of a Pecopteris having oblong, ob-

tuse pinnules attached by the whole base, with a slender midrib, and

slightly repand edges. The nervures are not preserved. It closely

resembles A. obscura, Lesquereux, from the Coal of Pennsylvania.

Pecopteris [Alethopteris] serrulata, llartt (Fig. 192, K). This

species is, I believe, the same with Neurop)teris serrulata of a former

paper, the imperfect specimens in my possession causing me to refer

it to that genus. Mr Hartt, however, has found specimens which enable

him to correct this error. I i-etain the specific name to prevent con-

fusion of terms, though there are already species of Pecopteris known
as serrula and serrata. The present species approaches closely to

P. plumosa of Brongn., but differs in its more distant pinnules, not

connate at the base, with the veins not forking at the margin, and the

midrib more oblique and decurrent on the rachis. It resembles

rather less closely P. serra, L. and II., and P. clelicatula and dentata

of Brongn., and may be regarded as the Devonian representative of

this group of small-leaved Pecopterids. It Is thus described by Mr
Hartt :—

" Tripinnate, pinnae short, alternate, close or open, lanceolate, very

oblique, situated on a rather slender rounded subflexuose rachis

;

pinnules small, linear lanceolate, crenulate, revolute, moderately acute,

oblique, sessile decurrent, widest at the base, open, separated from

one another by a space equal to the width of a pinnule, slightly arched

towards the point of pinna ; longest at base of pinna, decreasing thence

gradually to the .apex ; terminal pinnule elungated. Median nerve

entering the pinnule very obliquely, flexuous, running to the apex.

Nervules very few, oblique, simple, and somewhat rarely forking at

the margin."

Pecopteris [Alethopteris) preciosa, Hartt (Fig. 192, L). Pinnje

a little larger than those of the last species, not serrated
;
placed nearly
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at right finglcs to the rachis, obtuse, narrow toward the extremity,

suddenly >videned or almost auricidatc at the lower side ; midrib ex-

tending to the apex ; nerves few, at a somewhat acute {xnglc.

Alrthnptcris Pcrlci/i, Ilartt (Fig. 192, M). " Thi.s species resembles

Aletliopteris scrrula of Lesqx. It ditVcrs from it in the following

points :—The pinnai are wider and closer, and not so h)ng; the pinna;

arc usually tridentate. The teeth acuminate, the middle one .some-

times emarginate. The vein Is three-forked, sending a vcinlet into

each lacinia. The middle veinlet branches iu the midillc lacinia. In

A. serrula the pinnules, or, as Lesqx. terms them, the lobes, are united

more than Iialf the way up. A. Perlftji has the pinnules united only

one-third of the way ; and whereas in the former they arc divided by

a sharp gash, in the latter they are divided by a deep rounded sinus.

"Dedicated to the hitc M. IT. Perley, Es([., 1 1.M. Commissioner

of Fisheries and Vice-President of the Natural History of St John."

[Incerki! scdls.)

Cardiocarpum cormitum, Daw.son (Fig. 194, A). Broadly ovate,

emarginate at base, dividing into two indexed processes at top. A
mesial line proceeds from the sinus between the cusps, downward.

Nucleus more obtuse than the envelope, and acuminate at the top.

Surface of the flattened envelope striate, tliat of the nucleus more or

less rugose. Length about seven lines. Numerous in .shale near St

John. The specimens are all perfectly flattened, and many of them

are also distorted, being elongated or .shortened according to the

direction in which they lie in the shale. The nucleus constitutes a

strongly shaded spot of graphite. The flattened envelope appears as

a less distinct wing or border.

Cardiocarpum ohliqmim, DaAvson (Fig. 194, B). Unequally cor-

date, acuminate, smooth, with a strong rib passing down the middle;

length about three lines. Found with the preceding. It somewhat

resembles some of the forms of C. aculum, L. and It.

Cardiocarpum Crampii, Ilartt (Fig. 194, C), Elongate, slightly

expanding at the middle, obtuse at base, obtuse or emarginate at apex,

length one inch, greatest breadth '20 inch; nucleus small, central,

oval, connected by a median line with the extremities; surfivce of

margin slightly rugose. This fruit may at once be recognised by its

resemblance to the samara of an ash. It is dedicated to Mr Cramp

of St John, a zealous collector of the Devonian plants.

Cardiocarpum Baileyi, sp. nov. (I'ig. 194, D). This species,

discovered by Mr Hartt, is the largest and most beautiful of these

winged fruits as yet afforded by the Devonian. It is broadly cordate
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and cmarglnate at the apex, r5 inch broad, and one inch h>ng, with

a large broadly oval acuminate nucleus, and the usual mesial lino.

Wc have thus four distinct species of these mysterious winged seeds

from the Devonian. They must have been fruits of trees, but whether

of pluenogams, or cnornuius winged spore cases of some cryptogamous

plant, is uncertain. Their marginal wings show no venation what-

ever, though preserved in shales which show very well the venation

of ferns. The margin must have been membranous, and the nucleus

thick and dense, that i)art appearing as a comi)arativcly strong graphitic

film, while the wing or margin is excessively tenuous,

Fig. 191.—Dcfoniaii Fruits, dc.

A, CardiocnrpHm comiitnm.

B, Ciirdiocarpiim arntimi.

C, Curiliooiiipuni Crampil.

D, Canliocai'pum Riiilcyi.

E, TriK"iin<"arpiim racenmsmn.

(K'i.E-.) Fruits enlarged.

F, Aiitholithos nevoniciis.

(r. Aniiiilaria acuminata.

II, AstcropIiyUites acicularis. (IP), Leaf.

I1-, Fruit of tlie same.

K, Cardidcarpuni (? young of A).

L, I'iinnilaria dispalans.

Trigonocarpum racemosuw, Dawson (Fig. 194, E). Ovate, ob-

tusely acuminate, in some specimens triangular at apex. In flattened

speeiniens the envelope appears as a wing. Attached in an alternate

manner to a thick, flexuous, furrowed racliLs. This is evidently a

fruit or seed, borne in a racemose manner on a stout rachis. In

some specimens the seeds are close to each other, in others more
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remote. Attached to some are apparently traces of calyx-lcavea or

bracts. Shales of St John.

Anlholithes Devontcus, Hp. nov. (Fig. 194, E). Stipe thick, rugose;

flowers distichous, somewhat distant, each with a strong, straiglit spine

or bract, and several broader scales. In some specimens a number of

slender threads (filaments or styles) are seen to project from between

the scales. This fossil is evidently of the same general character with

the Antholithcs of the Coal formation.

I have to add to the above descriptions the remark, that I have been

unable to figure the larger and finer ferns and other fossils of St John

in a manner worthy of thcni. I have given merely such fragments

as will aid in their identification. I trust that now, when so extensive

collections have been made, the means will be found to figure the finer

specimens. In the meantime, after examining with care twelve large

cases of those fossds, the property of the Natural History Society of

New Brunswick, I have arrived at the conclusion that we have nearly

all the material necessary for a full illustration of most of the species,

—a labour which I hope yet to complete. In examining this large

collection, while I see much that throws new light on the species, it

is a source of satisfivetion to me that I have to retract so little of what

I published on the evidence of comparatively imperfect material.

Note.—Illustrations of several of the above species not figured in

this work, will be found in the Author's papers on the Devonian

plants of Eastern America in the Journal of the Geological Society,

vols, xviii. and xix.

m
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CIIAPTKR XX in.

THK Ul'I'KK SIMIRIAN.

UI'IT-K SIMIIUAN (»K NOVA SCOTIA—OF NKW IIHUNrfWlCK USKFUf- MIN-

I:kAI-S—FOSSIL KKMAINS—MKTAMOKl'IIlaM OF SKDIMKNTS—IGNEOUS

KOCKS.

That enormous mass of soiliincnts constituting tlio Siliiriiin system

ot Sir Roderick Murchisou, is by some geologists divided into three

portions—the Upper, Middle, and Lower. As will be seen, however,

by reference to the table of geological cycles on [). 137, in North

America this great system of formations represents two entire

geological cycles, and no more. One of these has been named the

Upper and the other the Lower Silurian ; though, in accordance with

ordinary geological nomenclature, each of these great groups, co-

ordinate in importance with the Devonian and Carboniferous, might

have a distinct name. The illustrious author of " Siluria " has not,

in his latest edition (1867), claimed for the Silurian rocks this dis-

tinction of constituting two systems ; but he has recognised the term

Primordial, proposed by Barrandc, in so far as to designate the lowest

members of the system as " Primordial Silurian." "While, however,

the term Silurian as thus held includes two great cycles of the earth's

history, the term Primordial is to be understood in a limited sense,

since the only truly Primordial rocks arc the Laurentian, or those

still older sediments from which the materials of the J^aurentian have

been in part derived.

Acadia cannot, however, claim to bo a typical region for any of

these scries of rocks, presenting them but in limited areas, and so

much altered and disturbed, that their arrangement and subdivisions

are by no means so clear as in the great inland plains of North America.

We may therefore in this work rest content with the present nomen-

clature, and proceed to consider the Upper Silurian as developed in

Nova Scotia and New Brunswick.

,,)
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558 TllK UPPEU SILL'KIAN.

1. Upper Silurian of Nova Scotia.

On consulting the map, it will be observed that I have coloured as

Upper Silurian certain areas in Cape Breton, more particularly in

the eastern and northern parts ; a very irregular hilly tract in Ea-'tcru

Nova Scotifi, commencing at Cape Porcupine and Cape St George,

and extending toward the Stowiacke River; the long narrow band of

the Cobequid Mountains; and a belt of variable width skirting the

northern side of the older or Lower Silurian ractamorphic district in

the western counties. Tiie area occupied by these rocks includes the

highest land and the principal watersheds of Nova Scotia.

Owing to the alteration and disturbance to which its rocks have

been subjected, the structure of this district is much more complicated

than that of those which have been described above, and its interior

position causes it to present fewer good sections to the geologist. For

these reasons less attention has been devoted to it than to the Car-

boniferous districts, and the details of its structure are comparatively

little known. In describing it, however, I shall endeavour to follow

the method previously pursued, by attending somewhat minutely to

some of the best and most instructive exposures in coast and river

sections, and applying the information obtained from these to the

elucidation of the true relations and structure of the remaining portions.

I shall then describe the important deposits of useful minerals which

occur in this group of rocks, and their fossil remains. In this order

of proceeding, it will be convenient to study first the development of

the formation in Eastern Novff* Scotia, and to proceed westward,

returning afterward to the Island of Cape Breton.

At Cajye Porcupine the igneous and metamorphic rocks come boldly

out upon the Strait of Canseau, in a precipice 500 feet in height, and

afford a good opportunity of studying these rocks and their relations

to the Carboniferous system. The central part of Cape Porcupine

is a mass of reddish syenite, consisting principally of red felspar and

hornblende. This once molten mass passes by gradual changes into

hard flinty slates, which, in shattered and contorted layers, lean against

its sides, and on these again rest beds of conglomerate, forming the

base of the Carboniferous scries, and made up of pebbles of syenite

and flinty slate, like those of the cape itself. Here we can plainly

read the following history :

—

First, Beds of mud deposited in the sea,

probably in the Upper Silurian period. Secondly, These beds upheaved

and metamorphosed by the injection of the molten syenite. Thirdly,

Large portions of the altered and igneous rock ground up into pebbles

by water, and scattered over the sea-bottom to form the lowest layer
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of a new geological formation, the same that wc liavc studied in pre-

ceding cliaptcrs. The structure of Cape Porcupine is represented in

Fig. 195.

Fig. 195.

—

Arrangevicnt of Syenite, Slate, and Conglomerate at Caiie Pomiinne.

c b a V e
(a) Syenite, (J) Slate. (c) Conglomerate ami Sandstone.

At Cape Porcupine the altered rocks of the group now under con-

sideration occupy less than three miles of the coast section, and arc

.separated by Carboniferous rocks and by Cliedabucto Bay from the

eastern extremity of the older mctamorphic district of the Atlantic

coast, distant about twenty-four miles. As Cape Porcupine affords

no fossils, and can therefore tell nothing of the condition of the earth

and its inliabitants at the time wlien these slates were deposited, we
may proceed to trace the continuation of its rocks into the interior.

From Cape Porcupine, the southern margin of the metamoi-phic rocks

extends along the northern side of the Carboniferous district of Guys-

borough for about sixty miles, when it meets the Lower Silurian rocks

of the coa.st. In several places along this line, igneous action appears

to have continued or to have recurred as late at least as the Coal

fouTiation period. This is testified by the condition of the Lower

Carboniferous rocks in many jdaces near Guysborough, westward of

wiiich place a considerable promontory of altered and igneous rocks

extends to the .southward, nearly across the Carboniferous district.

The northern margin of the band, commencing at Cape Porcupine,

may be traced to the westward about forty miles, when it unites with

a broader but w'j irregular promontory of similar rocks extending

toward .tin t George. Between these two bands is included the

Caiboi.if'jrou .^ distritt of Sydney County, The tract formed by their

11' '^n i'. the widest extension of these rocks in the province.

Tho mttamorpliic promontory extending t'> Cape St George, and

including the Antigonish and Merigoi'sb attams a greater

elcvati m than the band connected with Cuiic Porcup'ne. At its ex-

trcmiV/, however, it beconi?s divided into a number of detaelied hills

and ridges, separated by Low^r Carbonifoous beds, to whicli in some

cases the metamorphic action has cxteni'cd itself. The Antigonish

and Merigomish Hills contaiii large masses of syenite, porphyry,

compact felspar, and greenstone, -"i, oocialed with slates and quartzite.*

On their western side, near Ariiiaig, 'liere is a patch of shale, slate,

* Quartzite is a flinty rork jirodir ed H;- l.ic hr.idcniiig and alteration of sandstone.
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and thin-bedded limestone, with fossil shells, and but very little altered,

to which we must return in the sequel in a more pai'ticidar manner.

The northern boundary of the broad band of metamorphic and

hypogene rocks, formed by the union of the two promontories already

noticed, extends in a westerly direction along the south side of the

Pictou Carbonifei'ous district, until it reaches the east side of the East

River of Pictou, when it suddenly bends to tic .iouth, allowing tlie

Carboniferous strata to extend far up the valley of that river. Here,

as at Arisaig, its margin includes fossiliferous slates, among which is

a thick bed of iron-ore including fossil shells. With respect to these

fossils, I may remark that they are all marine, that they belong to

numerous genera and species, and that they are all of distinct species

from those of the formations before mentioned, there being a decided

break between the fauna of the Upper Silurian and that of the

Devonian period, and of course the Cai ""'"( vuu3 fauna is still more

remote in its characters.

Both at Arisaig and the East Eiver excel! I't opportunities are

afforded for studying the contrast between the Upper Silurian and the

Carboniferous. The collector may, in the shales of Arisaig or the

slates of the East River Hills, collect a great number of marine species,

some of them in a fine state of presei'vation, others distorted and partly

defaced by the partial alteration of the containing rocks. At both

places he can observe that the rocks containing these fossils have been

tilted up and hardened before the lowest beds of the Carboniferous

system were deposited. At both places he can find in these overlying

Carboniferous rocks abundance of fossils, also marine, but entirely dis-

tinctfrom those of the older group. He thus finds that, in pa." ir,^ from

one of these formations to the other, he has passed froui ci^ yi. ..

period of the earth's history to a subsequent one, in whic'i no tni i

remained of the animal population of the former. Hf i^." ei "'^'ed,

in short, on a new stage of tlic creative work.

Immediately on the east of the East River, the metamorphic u<i;id

is about fifteen miles in breadth, and includes masses and dikes of

syenite and greenstone, and beds of quartzite and slate, the latter of

very various colour and texture. Beyond the East River, the meta-

morphic band again widens ; and between the upper part of the Middle

River of Pictou and that of the west branch of the St Mary's River

(the point to which we have already traced its southern boundary)

it forms a broad and irregular tract of metamorphic country. "West-

ward of this tract it becomes narrower, and, after extci ciing between

the Stewiacke and Salmon Rivers, sinks beneath the Carbouiferous

beds, while a group of detached masses of igneous and altered rock,

r --
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extending through Mount Thom, imperfectly connects it with the

eastern extremity of the Cobequid range of hills. In the hilly country

connected with Mount Tliom, and in the vicinity of the upper parts

of the Salmon, West, and Middle Rivers, considerable breadths of

Lower Carboniferous strata have been partially metamorphosed, and

invaded by greenstone and other igneous rocks. It is also quite pos-

sible that portions of the rocks here cropping out from beneath the

Carboniferous may be Devonian. A mass of granite, containing dark

gray felspar, abundance of black mica, and very little quartz, occurs

on the east side of Mount Thom. This is the only instance, so far as

I am aware, of the occurrence of true granite in this group of rocks

in this part of Nova Scotia.

The Cobequid Hills, extending nearly in an east and Avcst direction

for about ninety miles, in that part of Nova Scotia lying north of the

southern arm of the Bay of Fundy, must be referred to the metamor-

phic group now under consideration. Both their stratified and igneous

rocks are similar to those of the parts of this group already described.

Fossils are absent or very rare in those parts of them which I have ex-

plored, with the exception of Earlton, in the eastern extremity of the

range, where there are slates containing fossils similar to those already

noticed. I shall make no attempt to describe the numerous and

singular varieties of altered and igneous rocks found in the Cobequid

range, but shall content myself with a description of its structure

in its central portion, which is illustrated by the general section

attached to the map.

On the northern side of the hills, near the post road from Truro to

Amherst, and also on Wallace River, the lowest rocks of the Carbon-

iferous system, consisting of reddish-brown conglomerates, arc seen

at the base of the hills. Their dip is to the northward at a high angle.

On ascending the hills, masses of red, flesh-coloured, and gray syenite

are seen, and rise rapidly to the height of several hundred feet ; the

northern side of the range being steeper and more lofty than the

southern. The syenite of this part of the hills has often been described

as a granite ; but wherever I have observed it, it is a true syenite,

containing reddish or white felspar, black hornblende, and nearly

colourless quartz. Some of the red varieties are large grained and

very beautiful. The gray varieties are often fine grained, and appear

to pass into greenstone.

It is remarkable that the syenite and greenstone of this part of the

mountain are traversed by numerous small veins of true granite.

Whether these have been produced by segregation, or are parts of a

later outburst of granitic rock, I cannot determine with certainty, but

2o
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Canaan is N.E. and S.W., and they extend from that place westward

to the Nictaux River. Westward of Nictaux River, as already men-

tioned in describing the Devonian, the beds of the Upper Silurian, as

Fig. lQ6.—Dktyonema Websteri.

H:
'

(a) Portion enlarged.

well as those of the last mentioned formation, are interrupted by great

masses of granite, which form the hills along the south side of the

Annapolis River, from a place called Paradise to Bridgetown, and

with .some interruptions nearly as far as the town of Annapolis. This

granite is hardly distinguishable in its character from that of the south

coast of the province, except that it is perhaps more felspathic, and

less largely and perfectly crystalline. Its age, as already stated, must

be that of the newer Devonian or older Carboniferous. Near Paradise

it is traversed by veins of reddish compact felspar, with crystals of

schorl and transparent smoky quartz. The latter mineral is found in

very large and beautiful crystals scattered in the surface rubbish, and

is collected and sold by the inhabitants.

Westward of Paradise, I have not traced the equivalents of the

Upper Silurian ; the Devonian beds, as already stated, appearing at

Moose and Bear Rivers. At the Joggin near Digby, the slates,

probably of this series, are broken up and much altered by masses or

dikes of porphyritic rock. At one place here I found the strike of

the bedding to be N. 15° E., while thai of the slaty structure is N.

45° E. Westward of this place the slates in a highly metamorphic

condition continue with general N. E. and S.W. strike to the coast

of Clare, where a considerable breadth of country is occupied with

olive and gray slates, quartz rock, and occasional dikes of greenstone.

At Montengan these beds include veins of iron pyrites, one of them a

foot in thickness. I have not been able to observe the junction of the

group now under consideration with the metamorphic district of the

Atlantic coast ; but I think it probable that the limit of the altered

Upper Silurian rocks in this direction is near Beaver River.

With respect to the age of these rocks, it is certain that the fossil-

r



i

^ f



NOVA SCOTIA. 565

nexion with the paper above referred to in the " Canadian Naturalist,"

having examined all the specimens in my collection, with a consider-

able number of additional species kindly given to mo by Dr Honey-

man. Next to this is the locality on the east branch of the East

River, referred to in the first edition of tills work, and from wliich I

have lately obtained additional collections made by Mr D. Fraser of

Springhill. Another locality, to which attention was first directed by

Dr Gesner, and Dr Webster of Kentvillc, is that of New Canaan, in

King's County. I shall notice these in detail, and with them a few

other places where similar fossils have been detected.

Arisaig.—Near this place, at the extreme northern limit of the

Silurian system on the eastern coast of Nova Scotia, is one of the

most instructive sections of these rocks in the province. At the

eastern end of the section, where they are unconformably overlaid by

Lower Carboniferous conglomerate and interstratified trap,* the

Silurian rocks consist of gray and reddish fandy shales and coarse

limestone bands dipping south at an angle of 44°. Tlie direction of

the coast is nearly east and west, and in proceeding to the eastward,

the dip of the beds turns to south 30° west, dipping 45°, so that the

series, though with some faults and flexures, is on the whole descend-

ing, and exhibits, in succession to the rocks jast mentioned, gray and

dark shales, with bands and lenticular patches of coarse limestone,

some of which appear to consist principally of brachiopodous shells

in situ, while others present a confused mass of drifted fossils. Below

these the beds become more argillaceous, and in places have assumed

a slaty stnicture, and occasionally a red colour. The thickness of

the whole scries to this point was estimated at 500 feet. The dip

then returns to the south, and the beds run nearly in the strike of the

shore for some distance, when they become discoloured and ochraceous,

and then red and hardeiied ; and finally, at Arisaig Pier, are changed

into a coarse reddish banded jasper, where they come into contact

with a great dike of augitic trap of Carboniferous date. Beyond this

place they are much disturbed, and, so far as I could ascertain, desti-

tute of fossils ; but Dr Honeyman has detected fossils in their con-

tinuation at Doctor's Brook. The alteration of the beds extends to a

distance of 300 yards from the trap, and beyond this in some places

slaty cleavage and reddish colours have been produced ; the latter

change appearing to be connected with vertical fissures traversing the

beds.

In the lower or shaly portion of the Arisaig series, the characteristic

fossils are QraptoUthus not distinguishable from G. Clintonensis, Leptu-

* See my paper on Eastern Nova Scotia, J. Geol. Soc, 1844. Section ante.
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Dr lloneyman has addressed himself with some success to the work
of tracing the relations and continuation of the beds exposed in the

Arisaig section, and has published an interesting paper on the subject

in the Journal of the Geological Society (1861). In this paper he

divides the whole series seen at Arisaig into five sub-sections, noted

respectively in ascending order as A, B, B', C, D. He distinguishes

the groups A and B from my Lower Arisaig scries, which he regards

as equivalent to his groups B' and C, while D is the equivalent of

my Upper Arisaig series.

Group A, of Dr Iloneyman's paper, includes the altered jaspideous

shales seen near Arisaig Pier, and the gray argillaceous and arenaceous

shales of Doctor's Brook. Dr lloneyman mentions, as occurring in

them, species of Ortkoceras, Murchisnnia, Strophomena^ Orthis, Rhyn-
chonella, Calymene, Corriulites, TentaciUttes, and Petraia (?), and, on

the authority of Mr Salter, regards them as equivalents of the English

Mayhill sandstone, a member of the Upper Llandovery series. Their

thickness is estimated at 200 feet.

Groups B and B' include principally dark and ferruginous shales.

One of the most characteristic fossils of which is GraptoUthus Clinto-

nensis. They contain also TentacuUt.es, joints of crinoids, Strophomena

depressa, and other fossils ; and Dr lloneyman has added in his paper

two species of Grammysia, G. triangulata, and G. cingulata, and

several other fossils not determined as to species. This group is

regarded by Dr lloneyman and Mr Salter as equivalent to the Lower
Ludlow of England, which is above the horizon of the American

Clinton and Niagara.

Group C, which is also characterized by fossils in the main Clinton

in character, is regarded by Dr lloneyman and Mr Salter as the

equivalent of the subordinate group known in England as the Ay-
mestry limestone. The beds of this group are harder than those of

the last and more calcareous ; and in addition to the fossils mentioned

above as characteristic of the Lower Arisaig series, Dr Honeyman
mentions Rhynchonella Saffordi, Spirifer rugaecosta, and some other

fossils previously regarded by me as characteristic of the upper series,

and which indicate that this group includes the transition from the

lower to the upper member.

Group D, of Dr Iloneyman's paper, is equivalent to my Upper

Arisaig series, and contains a great number of fossils, some of which

are of Lower Heldcrberg or Upper Ludlow types, and so strikingly

resemble those figured by Sir R. Murchison in his " Siluria," as char-
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and its vicinity, where these deposits rise from beneath the Lower

Carboniferous series, forming the liigli ground on the eastern side

of tlie river. Tiie beds are licre mucli altered, and penetrated by

igneous dikes, and arc vertical, or witii very high southerly dips

and N.E. and S.W. strike. They consist of coarse slates and

calcareous bands resembling those of the Upper Arisaig series in

mineral character, and holding many of the same species, especially

Chonetcs Nova-Scotica ; but we have here in addition a great bed

of fo.ssiliferous peroxide of iron, in some parts forty feet in thickness,

and with oolitic structure ; but passing into a ferruginous sandstone,

and associated with slate and quartz rock. The precise ago of

these ferruginous rocks relatively to the Arisaig series, it is not

easy to determine, but they arc evidently Upper Silurian. Tiie

stratigraphieal evidence, though obscure, would place them in the

upper part of the series. The fossils are in a bad state of pre-

servation ; but, in so far as they give any information, it coincides

with the apparent relation of the beds. Similar ferruginous beds

occur in the Clinton scries (the Surgent of Rogers) in New York

and Canada ; and as we have already seen in the Lower Devonian

in the western part of Nova Scotia. On the whole, I regard

the beds seen at the East River of Pictou as belonging to the

same line of outcrop with the Arisaig series, but as probably

containing, in addition to the ujiper member of that series, beds

somewhat higher in position.

I am indebted to Mr D. Fraser of Springville, East River, for

a large addition to my collection from this place ; by the aid of

which I am now enabled to present the following list, which has

been kindly revised by Mr Billings. Unfortunately, many of the

specimens were in a condition too imperfect to permit of satisfactory

specific determination, and Mr Billings, with proper caution, declined

to give them specific names for the present, in the hope that better

materials might be found. The species common to the East River

and Arisaig arc indicated by an asterisk.

* Chonetes Nova-Scotica^ Hall, very charac^^^vistic of certain hard

calcareous bands.

C. tenuislriata, llall.

Strophomena, flat striated species.

Spirifera, resembling S. cycloptera, but with regular ribs.

* Spirifera rugaecosta^ Hall.

* Spirifera subsulcala, Hall.

Rhynchonella (?) n. s., like R. transversa, Hall. This and another

species very abundant in hard impure limestone.
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* Atnjpa reticularis.

* Crania (?) Acadiensis.

Athyria {Merislelta) didi/ma, a characteristic European Upper

Silurian slicll.

Li'tiffula.

* Megamhonia striata.

Megambonia (?) n. s.

Clidupkorus (?) n. s.

Pterinea or Megambonia.

Orthonata or Nuciditcs (?) n. s.

* Bucania Irilobita, Hall.

Murchisonia, two species.

Platyccras.

* Ort/ioceras punclostriatum, Hall. Some specimens found at

East River, with the external markings of this species, arc

as much as two iiiclns in diameter.

Orth' -"eras (?) n. s.

Cyrtoceras (?) n. s.

* Cornulites Jlexuosa, and probably another species.

Beyrichia, two or more species.

* Calymene Blumenbachii.

Serpidites.

* Stenopora allied to S. fibrosa.

Cobequid Mountains.—At the eastern end of this chain, in Earltoii

and New Annan, though the rocks arc generally in a higlily meta-

morphosed condition, fossils are found in a few places; and in so

far as I have been able to determine from very small suites of speci-

mens, are those of the Arisaig series. From the apparent continuity

of strike along this long salient line of outcrop, it seems probable that

these fossils indicate the true age of the greater part of the sedi-

mentary rocks of the Cobequid Hills; a conclusion confirmed by

their similarity in mineral character to the altered equivalents of

the Arisaig and East River series as seen elsewhere. There are,

however, some indications of beds of Devonian age, along the flanks

of these hills, especially at their eastern end. The arrangement

of the beds and their mineral contents, in the central part of the

chain, will be found noticed in my paper of 1849, already referred

to. They are not known to contain beds of iron ore ; but have

enormous vein-like deposits of spathic and specular iron associated

with the carbonates of lime and magnesia, and running with the strike

of the beds. These will be described in the section relating to

useful minerals.

:i ;|
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New Canaan.—lictwccn the Kast River of Piotou and New
Canaan, in King's (bounty, 100 miles diHtant, I know no Silurian

beds with fossils south of the Cobcquid Hills; and in the central

part of the province these rocks disappear under the Carboniferous

deposits. Tn tiie hills of llorton and New Canaan they rcii|)pear,

and coiiMtitute the northern margin uf a broad belt of mctamorpiiic

and plntonic country, occupying here nearly the whole breadth

of tho peninsula. The oldest fossilifcrous beds seen arc the fine

fawn-coloured and gray clay slates of Ik-cch Hill, in which l)r

Webster, many years since, found tho beautiful Dictyuncma, men-

tioncd in a previous page. It is a new species, closely allied to

D. rclifonnis and D. gracilis of Hall, and has received the name

of D. Webstrri, in honour of its discoverer. It is most readily

characterized by the form of the cellules, which arc very distinctly

marked in the manner of Graptolithus. A portion of a frond

is represented in Fig. 19G.

The Dictyoncma slates of ricech Hill arc of great thickness, but

have in their upper part .s ne hard and coarse beds. They are

succeeded to the south by a great series of dark coloured coarse

slates, often micaceous, and in some places constituting a slate

conglomerate, containing small fragments of older slates, and

occasionally pebbles of a gray vesicular rock, apparently a trachyte.

In some parts of this scries there are bands of a coarse laminated

magnesian and ferruginous limestone, containing fossils which,

though much distorted, are in parts still distinguishable. They

consist of joints of crinoids, casts of brachioi)odous .shells, trilobitcs

and corals. Among the latter are two species of Astrocerium,

not distinguishable from A. pyrifurme and vcnitstum of the Nia-

gara group, and a Ileliolites allied to //. elegans, if not a variety

of this species. On the evidence of these fossils, f.nd the more

obscure remains associated with them. Professor Hall regards

these beds as equivalents of the Niagara formation of the New
York geologists, the Wenlock of Murchison. Their general strike

is N.E. and S.W. ; and to the southward, or in the probable

direction of the dip, they are succeeded, about six miles from

Beech Hill, by granite. They have in general a slaty structure

coinciding with the strike but not with the dip of the bed.s, and

this condition is very prevalent throughout this inland metamor-

phic district, where also the principal mineral veins usually run

with the strike. The beds just described run with S.W. strike

for a considerable distance, and are .succeeded in ascending order

by beds holding the fossils of the Upper Arisaig series, which are

J
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equivalent to the Niagara of New York and the Wenlock of England.

(3.) The Lower Arisaig series represents the Clinton of New York,

and the Upper Llandovery series of England, with perhaps a

portion of the time elsewhere represented by the Wenlock or

Niagara. (4.) It is not improbable that the fossiliferous rocks re-

cognised by Dr Iloneyman at Doctor's Brook may represent a some-

what lower member of the Upper Silurian, but still probably not so

low as the Medina and Oneida of New York, or the Lower Llan-

dovery of England. I entertain no doubt that farther and more

minute investigation will make the details of our Nova Scotian and

New Brunswick Upper Silurian more complete. I think, however,

that the above general comparison will continue in the main to hold

good. Ip. my own limited researches, I have found much difficulty

to arise from the want of identity of tho fauna with that of typical

Silurian localities, from the imperfect preservation and frequent dis-

tortion of the fossils, and from the difficulty of tracing the succession

of the contorted and faulted beds. These difficulties can only be

finally overcome by detailed surveys and extensive collection of

specimens. In the meantime, much caution is nece.*«nry in writing

on the subject.

2. Upper Silurian of New Bnmswick.

I have coloured certain limited areas in Southern New Brunswick

as Upper Silurian, on evidence which I think indisputable, collected

principally by Mr Matthew and Professor Bailey, and detailed in a

paper by the former in the Journal of the Geological Society, and in

the Report of the latter on the Geology of Southern New Brunswick.

From these sources the following statements are taken. These rocks

constitute the " Kingston Group" cf the last mentioned Report, from

which I quote the following description :

—

" The peninsula of Kingston, constituting the neck of land lying

between the Long Reach and the Kennebeckasis in the county of

King's, has heretofore been described as a region composed solely of

eruptive rocks, such as trap, syenite, and greenstone, and in previous

geological maps has been undistinguished from the widely different

volcanic beds which occur in other portions of the province. In

reality this group of rocks is quite distinct, and is of very uniform as

well as remarkable characters.

" To describe the district as wholly a volcanic one is essentially

erroneous. Although beds of such an origin are abundant, and taken

collectively occupy much space, they are seldom purely eruptive, being

invariably associated with aqueous deposits, and being themselves for
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the most part of a stratified metamorphic character. The whole

peninsula is of sedimentary origin, and in some portions, aqueous

deposits have alone been concerned in its formation. Although

occupying an extensive area, little variety is apparent, the group

consisting principally of compact felspathic rocks, with some chloritic

slates and numerous beds of interstratified greenstone or diorite.

" Three parallel bands, differing slightly in character, and running

the entire length of the peninsula, may be distinguished.

" The first, forming the southern side of the peninsula, and skirting

the north shore of the Kennfibeckasis in a series of very bold and

remarkably picturesque cli. iS largely schistose, and extends with

an almost unbroken front from the Milkish to Hampton Ferry. Near

the latter place and opposite Darling's Island, the group is represented

by the following rocks :

—

" Gray gneiss (?) or altered micaceous sandstone, with small crystals

of red felspar.—Str. N. 60' E.

" Greenstone or diorite.

*' Porphyritic felspathic schist of a pink colour, weathering '/liite.

" Gray felspathic quartzite, injected with quartz veins.

*' Grayish white altered slate.

" The whole series is nearly vertical, and no satisfactory dip

could be ascertained. My impression is that the tendency is to

the north.

" In the neighbourhood of Clifton, rocks of the same band contain

large masses of chlorite and cpidote, with veins of specular iron.

" The second band of rocks alluded to, although passing insensibly

into the last, differs from it chiefly in the much greater abundance of

altered sandstones and bedded greenstones, with a comparative in-

frequency of slaty beds. The greenstones or diorites arc interstratified

with compact felspathic rocks, varying from white to pale pink, the

latter at times associated with and passing into fine-grained syenite

and syenitic gneiss. Slates are comparatively rare, and when oc-

curring, are sometimes chloritic and sometimes micaceous, being also,

as a rule, much twisted. Tiike the members of the first division, these

rocks also contain chlorite cand cpidote. The group may be readily

seen in the village of Kingston, or along the Land's End at the south-

west extremity of the peninsula.

" The third band, into which the last insensibly passes by the

absence of its bedded diorites, occupies principally the northern side

of the peninsula, where it is represented by a comparatively uniform

series of clay and chloritic slates. Though not so numerous as in the

centre and south of the district, trap beds are present, and at times
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rise into bold ridges. This is especially the case near the middle of

the Reach, where they produce some interesting scenery.

"The rocks of the Kingston group, besides occupying the peninsula

which properly bears that name, extend to the eastward within iho

limits represented on the map. Like most of the older formations

in this part of the province, they are progressively covered to the

eastward by Carboniferous rocks. They extend, however, on the

south as far as Dickie Mountain, near Norton Station, and upon the

north within a few miles of Belleislc Point, forming two bands,

separated by a valley now occupied by Carboniferous sandstones

and limestones.

" On the northern shore of the Long Reach, lying between the main

river and the granites of the Nerepis, is a band of rocks which I have,

with some doubt, referred to the group now under consideration. I

have not been able to examine this district in sufficient detail to fully

establish its relative age, but have connected it with the Kingston

rocks, for the following reasons :

—

" 1st. At the extremity of Oak Point, towards the head of the

Reach, and in the rocky islands occurring in this neighbourhood, the

beds are undoubtedly connected with those of Kingston. At Oak

Point two varieties occur, interstratitied with each other.

" (a.) Very hard, black and green bedded dioritc, with calc spar,

chlorite, and epidote.

" (b.) Light-coloured fine-grained felspathic rocks, graduating into

coarser beds of syenite and syenitic gneiss. (General strike, N. 50° E,

Dip N ?). These latter are undoubtedly altered sandstones and con-

glomerates.

" 2d. Rocks similar to the above seem to form a well defined band

extending westward as far as the NerepLs. At Jones' Creek they

are well exposed in thick beds, and apparently rest on a still thicker

series of blue and gray altered slates. These latter are little dis-

turbed, having a strike about east and west, and a southerly dip

of 62°.

" Along the line of the Nerepis, and in the neighbourhood of the

Douglas Arms, altered rocks similar to the above in their granitoid

aspect occur, and are probably a continuation of the same series.

" Between these and the great granite range of the Nerepis valley,

altered sandstones and slates, diorite, felsite, and cherty quartzite,

occur.

" It will thus be seen that the band of rocks now under consideration

resembles those of Kingston, in the presence of felspathic and green-

stone beds, while it diflfers principally in the abundance of coarse

f- V
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syenite, and syenitic gneiss. The rocks of Oak Point seem to be a

connecting link between the two.

" To the southwcfetward of the scries last described, and directly

opposite the termination of the Kingston peninsula, the nature and

relations of the rocks arc no longer doubtful. The abundance of pale

pink felsites and felspathic quartzitcs, with beds of interstratified

greenstone, at once recalls the rocks of Kingston, and indicates an

extension of this series to the westward. Except along the line of the

main river, however, their development in this direction is little known,

the district being as yet wholly unsettled. Rocks probably forming

a part of the same series appear far to the south-west, along the New
River, in the County of Charlotte. (See the Geological Map.)

" While the rocks of Kingston have thus been shown to occupy an

extensive district, west and north of the St John River, along both

shores of the Reach, observations in other localities would seem to

indicate a corresponding easterly extension.

" It has already been stated that, while occupying the entii'e peninsula

from which their name has been derived, these rocks may be traced to

the eastward in two diverging ridges, the one terminating at Dickie

Mountain, near Norton Station, the other at a short distance below the

head of IJelleisle Bay. Stretching along the northern side of the latter,

and forming the watershed between the tributaries of the Belleisle and

Washademoak Rivers, is a ridge of rocks, somewhat variable in com-

position and of moderate elevation, which, though exhibiting some

peculiarities, can with difficulty be distinguished from the deposits of

Kingston and the Reach."

In Professor Bailey's Report these rocks arc described in detail, as

they occur at Bull Moose Hill, Belleisle Corner, and Kars. The

following remarks may be made with reference to their age and strati-

graphical relations :

—

(1.) A series of specimens were submitted by Professor Bailey to

the author and Dr Hunt, with the results stated in the following

words :

—

" In regard to the probable age of these rocks, Dr Hunt does not

regard them as very like anything he knows in Canada. They are

not like the Quebec group or the Laurentian, our two principal series

of metamorphic rocks in Lower Canada.

" In comparing them with Nova Scotia, I have no hesitation in

saying that they are unlike our Atlantic coast series, which I believe

to be Lower Silurian, but that they are very like the rocks of the

Cobequid Mountains and of the inland hills of Eastern Nova Scotia,

which I believe to be Middle and Upper Silurian. This is the age to
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which T would therefore be inclined to refer your rc/Ks, though I

would not afBrm that they may not include Lower Devonian, which

in Nova Scotia are altered with the Upper Silurian.

" I regard your specimens as altered sediments, though some of the

felspathic and homblendic ones may be true Plutonic rocks."

(2.) Mr Matthew has found, in loose fragments, near St John, pro-

bably derived from these rocks, the following fossils :

—

Chonetes,

Pterinea or Avicula, Clidophorus, Oi'this, Rhynchonella (?), Leptodo'

mus (?), etc. ; and still more recently specimens have been obtained

from undoubted members of the Kingston group, in which the follow-

ing characteristic Upper Silurian assemblage of genera occurs, though

in a state too imperfect for specific determination.

The genera are Dalmania, Phacops, Orthoceras (2 species), Murchi-

sonia (2 species), Loxonema, Holopea (?), Lucina (?) or Anatina (?),

Avicula (?), Leptodomus (?), Sph'ifer, Chonetes (?), Atrypa, Rhyn-

chonella (?), Retzia (?), Strophomena, Orthi's, Dischia, Favosites,

Zaphrentis (2 species), Syringopora (?), and other corals. From
Frye's Island also, in the south-western extension of these rocks,

Upper Silurian fossils have been obtained.

(3.) A comparison of these rocks with those in Maine, in their line

of strike, and ascertained by Hitchcock to be Upper Silurian, confirms

the above evidence from mineral character and fossils.

One source of perplexity in the determination of these rocks arises

from the fact that, in the vicinity of St John, the Devonian rests on

the Lower Silurian without the intervention of Upper Silurian beds.

This, as Mr Matthew suggests, may be accounted for by denudation,

or by the elevation of the Lower series before the deposition of the

Upper. In Maine, however, it would seem that these rocks appear in

their regular sequence below the Devonian.

It will be observed that, as in Nova Sqptia, the Upper Silurian

sediments are more argillaceous and less calcareous than the beds of

this age in the more inland parts of the continent, and that they are

also much more metamorphosed. In both of these particulars we shall

find a decided difference in the Upper Silurian of Northern New
Brunswick, next to be noticed.

A glance at the map will enable the reader to perceive, extending

south-west from Bathurst, in the Bay de Chaleur, that broad and

rugged belt of altered Lower Silurian and Plutonic rocks, the terror

of railway engineers, which forms the natural limit of Acadia on the

north-west, and separates the Coal-field of New Brunswick from the

Upper Silurian valley of the Restigouche and Upper St John, the debate-

able land, in point of physical geography, between the high lands of
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the Nepisigult which belong to New Brunswick, and the high lands

of Rimouski and Gaspc which belong to the Province of Quebec.

This belt of very ancient rocks was probably a physical barrier even

as early as the Upper Silurian period ; for on passing it we find in the

valleys of the Restigouche and the neighbouring streams beds of

highly calcareous and fossiliferous Upper Silurian rock identical in

character with those of Gaspe, and differing both in mineral character

and the assemblage of fossils from those which we have just been

studying. The southern limit of this Upper Silurian area, in so far

as it is known, may be seen on the map ; and its structure may be

learned from the following description by Professor Hind of the sec-

tion at Cape Bon Ami, near Dalhousie. The section is in ascending

order, and the dips arc to the northward at an angle of 45°.

1. Trap.

2. Calcareous shales.

3. Trap or trappcan ash, more or less stratified, and with veins of

carbonate • f lime and quartz.

4. Calcareous shales and honestones, weathering buff or pale yellow.

5. Trap, vesicular, hard and black, weathering red.

6. Calcareous shale and limestone, with honestone. Many layers

are fissile and slialy, weathering buff, others are hard and silicious.

The limestones contain Favosites Gothlandica Strophomena rhom-

boidalis, etc. In the upper pai-t of this series there appears to be a

conglomerate 14 feet thick, capped by honestone 36 feet thick.

7. Massive trap.

8. Limestone highly fossiliferous. Among its fossils are Favosites

Gothlandica, F. poli/morpha, F. basaltica, Strophomena rhomboidalis,

S. punctulifcra, Calymene Blumenbachii, Atrypa reticularis.

9. Trap, highly ferruginous*

It is instructive to observe the large amount of bedded trap or

volcanic ash in the above section. This accords with the presence

of large quantities of apparently interstratified igneous rock in the

Kingston group and in the Cobequid Mountains, as already noticed.

Such interstratified volcanic m<atters are abundant in some parts of the

Silurian of Gi'eat Britain. They are comparatively rare in other parts

of Nova Scotia, though beds of this kind occur in New Canaan.

Similar traps occur in Gaspe, but they are absent from the typical

Upper Silurian of New York and Western Canada. Their presence

indicates the recurrence of volcanic eruptions at frequent intervals

during the Upper Silurian period.

A collection of fossils from the beds at Dalhousie and its vicinity

* The total thickness of the above series is not stated by Professor Hind.
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has been kindly communicated to me by Professor Bailey, and has

been submitted to Mr Billings, who regards the species as equivalent

to those of the Port Daniel limestones of the northern side of the Bay
de Chalcur, which may be rcg.arded as intermediate in ago between

the Niagara and Lower Helderberg groups, and therefore probably

not far from the horizon of the Upper Arisaig series, or perhaps

between this and the Lower Arisaig group.

The following fossils from Dalhousie and Restigouche, now in the

Museum of the University of New Brunswick, have been determined

by Mr Billings. The assemblage is in the main that of the Lower
Helderberg.

Favosites basaltica.

Favosites Gothlandica.

Zaphrentis, n. s., same as one in the Gaspe limestone.

Stenopora.

Halysites catenulatus.

Syringopora.

Diphyphyllum.

Orthis tubulistriata, Hall, or allied.

Orthis oblata, Hall.

Strophomena rhomboidalis.

Strophomena punctifera, Conrad.

Strophomena varistriata.

Spirifera cycloptera.

Atrypa reticularis.

Cyrtia Dalmani.

Rhynchonella vellicata, Hall.

Athyris princcps, or allied.

Leptocoelia, allied to L. hemispherica.

Fenestella.

Megambonia, allied to M. ovoides, Hall.

Conocardium.

Pleurotomara, allied to P. labrosa, Hall.

Euomphalus sinuatus (?)

Dalmanites.

General Remarks.

The group of partially metamorphic Upper Silurian rocks above de-

scribed includes the most elevated land of Nova Scotia and Southern

New Bininswick. The Cobequid range, attaining at several points a

height of 1200 feet, is the highest chain of hills in Nova Scotia ; and

forms, in its whole length, the watershed dividing the streams flowing
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into Northumberland Strait and Chiegnecto Bay from those flowing into

Cobequid Bay and Mines Basin and Channel. In like manner, the

complicated group of hills extending westward from Cape Porcupine

and Cape St George, though less elevated than the Cobequid hills,

contains the sources of all the principal rivers of the counties through

which it extonds. The largest of these is the St Mary's river. Its

western branch, originating in the same elevated ground that gives

rise to the Musquodoboit, the Stewiacke, and the Middle River of

Pictou, flows for about thirty miles nearly due east along the valley

which here separates the Lower and Upper Silurian districts. Its

east branch flowing from the hills in the rear of Merigomish, and

passing near the lakes from which the principal branch of the East

River of Pictou flows, receives tributary streams from the metu-

morphic promontory stretching towards Cape Porcupine, and unites

with the west branch at the northern margin of the Lower Silurian

metamorphic band. The united stream then flows through a narrow

valley, cutting the Lower Silurian belt transversely, to the Atlantic.

Judging from the direction of the principal streams, as for instance

the Liverpool River, it would appear that in the western counties, as

well as in the eastern, this group of metamorphic rocks, with its

associated igneous masses, forms the most elevated ridges. In the

southern part of New Brunswick also, and in Cape Breton, we every-

where find these rocks forming rocky ridges separating the river

valleys.

The character of the surface over these rocks is very similar to

that which prevails in those parts of Lower Canada (Quebec) and

New England, in which similarly altered Upper Silurian rocks occur.

The soil, where not too rocky for cultivation, is fertile ; and in their

natural state the hills are clothed with a rich growth of hard-wood

trees.

M. Jules Marcou, in the summary of American geology which

accompanies his geological map, endeavours to apply to these ele-

vations De Beaumont's theory of the parallelism of mountain ranges

of like age. According to this view, the Cobequid Mountains, and

the hills on the east side of the Bras d'Or Lake, belong to a system

of elevations older than the Lower Silurian rocks ; and the Meri-

gomish and Antigonish Mountains, with the hills of Western Cape

Breton, to a later dislocation, dating at the close of the Silurian

period. It appears to me that both these dates are by much too

ancient. I have already stated that the rocks of the Cobequid

Mountains have been altered and elevated before the Carboniferous

period ; but, on the other hand, these altered rocks themselves are in
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part Devonian, and there is no reason to believe any of them to be

older than Upper Silurian. 1 would therefore refer the great line of

dislocation of the Cobequids, which runs nearly W. 10° S., as well as

the nearly parallel lines of the south mountains of King's County, the

range ending in Cape Porcupine, and most of the hills of Cape Breton,

to the close of the Devonian period. These ranges have, however,

been broken and deranged in places, as at the eastern end of the

Cobequids, the Antigonish Mountains, the hills near Guysboro',

and in the south-west of Cape Breton, by disturbances probably coeval

with the great Alleghany range, that is, at or toward the end of the

Carboniferous system, and there is evidence that between this time

and the end of the Devonian period, igneous action was constantly

more or less felt, and was also accompanied by elevatory movements.

Hence these later movements in part, as along the Cobequid range,

have conformed to the course of the older movement, and in part have

broken out into irregular projecting ridges, having a tendency to a

north-east and south-west direction. In short, the study of these

elevations in Nova Scotia tends to show, that though there may be

a certain parallelism between elevatory movements of the same period,

when they take place in districts previously undisturbed, yet that in

regions broken up by previous dislocations, they may either conform

in direction to these, or break forth irregularly from them along lines

of least resistance produced by previous transverse fractures. It is to

be observed, however, that those very marked and important physical

changes which closed the Devonian period were preluded by volcanic

outbursts extending through the Upper Silurian and Devonian eras.

In New Brunswick, the area occupied by the Kingston group is

broken and elevated, and separates what may be termed the southern

bay of the Carboniferous area from the remainder. As an ancient

geographical feature, it is also connected with the large development

of Lower Carboniferous rocks in this bay or arm. Still, it is not

suflSciently extensive or continuous to give it any great importance in

the present drainage of the country. The great Upper Silurian area

in Northern New Brunswick is of much more importance in this

respect, and contains the principal sources of the St John and the

Restigouche ; the former of which, the largest river of Acadia,

gathering the waters of many tributaries from a great area chiefly

of Upper Silurian rocks, finds a devious path through transverse

valleys of the great Lower Silurian belt, crosses the south-west

angle of the Carboniferous area, and entering the Silurian band of

the coast, follows its strike for some distance in the " Long Reach "

before it finda its way to the sea.

.: I
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ncforo leaving these rocks, I must state that their boundaries, as

marked on the map, are often very rude approximations to tlie truth.

It is impossible in the present state of our knowledge to distinguish

accurately between these older rocks and the Carboniferous beds which

have in many parts of their borders been metamorphosed with them,

or to indicate accurately the position and limits of the irregular masses

and dikes of igneous rocks. An immense amount of labour will bo

required before these disturbed and altered rocks can be accurately

mapped, or their intricacies fully unravelled.

Useful Minerals of the Upper Silurian in Nova Scotia.

Iron, in veins traversing the altered rocks, abounds in this district;

and it also occurs in thick beds coeval with the neighbouring slates,

and filled, like them, with fossil-shells. I shall first notice those de-

posits which are veins properly so called. These, though occurring

in many places, have been worked only along the southern slope of

the Cobequid Hills in Londonderry, in the vicinity of the Great Village

and Folly Rivers. This deposit appears to have been noticed as early

as the time when the land on which it occurs was granted by the

Crown ; and it received some attention from Mr Duncan and other

gentlemen in Truro nearly twenty years ago. No steps were, however,

taken toward its scientific exploration until 1845. In the summer of

that year I received a specimen of the ore for examination, and in

October of the same year I visited and reported on the deposit. In

the same autumn it was examined by Dr Gesner. In 1846 I again

visited it, and reported on it to C. D. Archibald, Esq., of London,

and other gentlemen associated with him ; and in the summer of 1849

I had the plcasui'e of again going over the ground and examining tlie

vein at some new points, in company with J. L. Hayes, Esq., of

Portsmouth, U. S. Since 1849 the extent and economical capabilities

of the deposit have been discussed by several writers, both in this

province and in Great Britain ; and it has been opened, and smelting

furnaces erected by an association of capitali,sts.

I siiall begin by describing the vein as it occurs on the west branch

of the Great Village Itiver, at the site chosen by C. D. Archibald,

Esq., for the furnace and buildings of the " Acadia Mine," and as seen

in 1849. In the western bank of this stream, at the junction of the

Carboniferous and Metamorphic series, a thick series of gray and brown

sandstones and shales of the former system, dipping to the south at

angles of 65° and 70°, meet black and olive slates, having a nearly

vertical position, and with a .strike N. 55° E. The dip of these slates,

where apparent, is to the southward, and the strike of the slaty

i
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cleavage and of the bedding appears to coincide. Near the falls of

the river, a .short distance northward of the junction just noticed, tho

slates give place to gray quartzite, which, with some beds of olivo

slate, occupies the river-section to, and for some distance beyond, the

iron vein.

Tho vein is well seen in the bed of tho stream, and also in exca-

vations in the western bank, which rises abruptly to the height of 327

feet above tlie river-bed. In the bottom of the stream it presents the

appearance of a complicated netwt)rk of fissures, penetrating tho

quartzite and slate, and filled with a crystalline compound of the car-

bonates of lime, iron, and magnesia, which, from its composition and

external characters, I refer to the .species Ankcrite, With this mineral

thei'c is a snniUer quantity of red ochrey iron ore, and of micaceous

specular iron ore.

In ascending tho western bank of the stream, the vein appears to

increase in width and in tho quantity of the ores of iron. In one

place, where a trench was cut across it, its breadth was 120 feet.

Though its walls are very irregular, it has a distinct underlie to the

south, apparently coinciding with tho dip of the containing rocks. As
might have been anticipated from its appearance in the river-bed, it

presents the aspect of a wide and very irregular vein, including large

angular fragments of quartzite, and of an olivaceous slate with glis-

tening surfaces. These fragments are especially large and abundant

in the central part of tho vein, where they form a large irreguhu' and

interrupted rocky pai'tition.

That the reader may be enabled to understand the description of

this singular deposit, I give the composition of the various substances

contained in it, as ascertained by my own analyses and examinations.

1. Specular Iron Ore, or nearly pure peroxide of iron, in black

crystalline scales and masses.

2. Magnetic Iron Ore, a compound of the peroxide and protoxide of

iron. This and the fir.st-mentioned ore, as they occur intermixed in

this vein, arc capable of aflbrding from 60 to 70 per cent, of pure iron.

Both of these ores have been introduced into the vein by igneous

fusion or sublimation.

3. Ochrey Red Iron Ore. This is the most abundant ore in the

vein, and is of great value on account of its richness and easy fusibility.

It is also the material of which the mineral-paint produced by this

region is manufactured. It varies somewhat in quality, but the purest

specimens are peroxide of iron, with scarcely any foreign matter.

4. Ankerite, or carbonate of iron, lime and magnesia. This is the

most abundant material in the vein, and is usually of a grayish-white

colour, though sometimes tinged red by the peroxide of iron. A
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7. Sulphate of liaryten occur.s in small crystals lining fissures, and

in compact veins in the ankcritc. Though quite insoluble, this sub-

stance can be decomposed by heated solutions of alkaline carbonates

;

i'.nd when these are cooled it is re-formed and deposited.* It has

probably been introduced in tiiis way into this vein.

I shall endeavour in the following remarks to state the manner in

which these minerals occur in the conqjlicated mi.xturc which fills this

vein, and their probable origin. Let the reader then imagine that he

is standing on the side of the deep ravine of the tireat Village Kiver,

looking into a rocky excavation in which the minerals above mentioned

appear to be mi.xed together in the most inextricable confusion, in

great irregular cracks of the slaty rocks, and he will be able, perhaps,

to wade through the following description.

The ankerite should evidently be considered the veinstone, as it

surrounds and includes all the other contents of the vein, and greatly

exceeds them in quantity. Where not exposed, it is white and coarsely

crystalline. On exposure it becomes yellowish ; and near the surface,

as well as on the sides of fissures, it is decomposed, leaving a residue

of yellow ochrey hydrous peroxide of iron. In some parts of the vein,

the ankerite is intimately mixed with crystals and veinlets of yellowish

spathose iron. The red ochrey iron ore occurs in minor veins and

irregular masses dispersed in the ankerite. Some of these veins are

two yards in thickness ; and the shapeless masses are often of much
larger dimensions. Specular iron ore also occurs in small irregular

veins, and in disseminated crystals and nests. At one part of the

bank there appears to be a considerable mass of magnetic iron ore,

mixed with specular ore ; this mass was not, however, uncovered till

after I had left the ground.

The whole aspect of the vein, as it appears in the excavations in

the river-bank, is extremely irregular and complicated. This arises

not only from the broken character of the walls, the included rocky

fragments, and the confused intermixture of the materials of the vein
;

but also from the occun-ence of numerous transverse fissures, which

appear to have slightly shifted the vein, and whose surfaces usually

display the appearance named " slickenside," and are often coated

with comminuted slate or iron ore. In some places these are so

numerous as to give an appearance of transverse stratification. One

of them was observed to be filled with flesh-coloured sulphate of

barytes, forming a little subordinate vein about an inch in thickness.

The general course of the vein, deduced from observations made by

Mr Hayes and myself at the Acadia Mine and further to the eastward,

* Biscboff, quoted by De la Becbe. Oeol. Obs. p. 669.
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is S. 98* W. magnetic, the variation being 21° west. At the Acadia

Mine this course deviates about 33° from that of the containing rocks.

In other localities, however, the deviation is much smaller; and in

general there is an approach to parallelism between the course of the

vein and that of the rock formation of the hills, as well as that of the

junction of the Carboniferous and Metamorphic systems. The vein,

for a space of seven miles along the hills, is always four^.<i at distances

of from 300 yards to one-thira of a mile northward of the last Car-

boniferous beds, and always in the same band of slate and quartzite.

Westward of the Acadia Mine the course of the vein over the high

ground is marked by the colour of the soil, as far as Cook's Brook,

about a mile distant. The outcrop of the ore was not exposed in this

brook, but large fragments of specular ore have been found in its bed,

and a shaft, sunk on the course of the vein, has penetrated more than

forty feet through yellow ochre containing a few rounded masses and

irregular layers of ankerite. At this point the decomposition of the

ankcrite and spathic iron has extended to a much greater depth than

usual, and is so perfect that a specimen of the yellow ochre was found

to contain only -4 per cent, of the carbonates of lime and magnesia

;

the remainder being hydrous peroxide of iron, alumina, and silicious

matter.

Still further west, in Martin Brook, I observed indications of the

continuation of the vein. Beyond this place I have not traced it

;

but I have received specimens of specular iron ore and ankerite from

the continuation of the same metamorphic district, as far ivest as the

Five Islands, twenty miles distant from Acadia Mine.

On the east side of the west branch of the Great Village River, tlie

ground does not rise so rapidly as on the western bank, and the vein

is not so well exposed. On this side, however, a small quantity of

copper pyrites h?^ been found in or near the vein, but it does not seem

to be of any importance. Indications of the vein can be seen on tlie

surface as far as the east branch of the river. In the east branch, red

and gray conglomerates, dipping to the south, and formmg the base

of the Carboniferous system, are seen to rest unconformably on olive,

black, and brown slates, whose strike is S. 75° W. The continuation

of the iron vein was not observed in the bed of this stream.

Further eastward, on the high ground between the Great Village

and Folly Rivers, indications of the ores of iron have been observed

;

especially near the latter river, where in two places small excavations

have exposed specular and red ores, and where numerous fragments

of brown hematite are found scattered on the surface.

The ravine of the Folly River affords a good natural section of the
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quartzitc and slate of the hills, as well as of the Carboniferous beds of

the lower ground. This section, as far as the base of the hills, is

described in Chapter XV. The lowest Carboniferous bed is a thick,

coarse, gray and brownish conglomerate, dipping S. 20° W. It rests

unconformably on a bed of slate very similar to that seen in a like

position at the Great Village River, and which differs considerably in

appearance from most of the slates of these hills. The strike of the

slate is S. 70° W. ; and that of the bedding and slaty structure appear

to correspond. In a layer of graywacke included in this slate I ob-

served small and well-rounded pebbles of light-coloured quartz. This

slate is succeeded by thick beds of gray quai'tzite and hard olivaceous

slates. These occupy the river section for about 700 yards, or as far

as the " Falls," where the river is thrown over a ridge of quartzite

fifty-five feet in height ; a small rill pouring in on the eastern side

from a much greater elevation. Between the conglomerate and the

waterfall the quartzitc contains a few narrow strings of ankerite, and

at the fall there is a group of reticulating veins, some of them six

inches in thickness. They contain a little iron pyrites. These arc

the only indications of the iron vein observed in this section ; and as

the group of beds in which it should occur is Avell exposed, it is

probable that it is represented here only by these small veinlets

distributed over a great breadth of rock. Above the fall the quartzitc

and slate continue to alternate for a considerable distance, the dip

being generally to the southward, in one place at as low an angle as

55°. About a quarter of a mile above the fall they are traversed by
a dike or mass of fine-grained hornblcndic igneous rock.

On the elevated ground east of the Folly River the vein is again

largely developed, and two excavations exposed a part of its thickness

on the property of the Londonderry Mining Company. The excava-

tion nearest to the river showed a thickness of 190 feet of rock on the

south side of the vein. Tliis consists of gray quartzite, olive slate,

and about three feet of black slate. These beds are traversed by a

few small strings of ankerite, which increase in dimensions on ap-

proaching the broken and irregular wall of the vein. About seventeen

feet of the south side of the vein consist principally of ankerite.

Adjoining this on the north is red iron ore, with nests of specular

ore, veins and blocks of ankerite deconqjosed in part to yellow ochre,

and fragments of rock. Ten feet in thickness of this red ore were seen

without exposing the north wall of the vein.

On the surface in this vicinity are large fragments of brown hema-

tite, which mark the course of the vein. In the eastern excavation,

this mineral Wv^s seen in place near the surface and occupying fissures

um^
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in a fragment of quartzite. In this second excavation the red ore was

more largely mixed with the micaceous specular variety, and also

included large rounded blocks of ankerite and angular fragments of

rock. The width exposed here was thirteen feet, and neither wall was

seen. The ankerite is decomposed to the depth of eight feet. The

same appearance of transverse vertical layers seen at the Acadia Mine

is observed here, and is probably due to the same cause.

Still further east, on the property of C. D. Archibald, Esq., and on

ground equally elevated, three excavations have shown a still greater

development of the vein. A trench fifty-three feet in length, and

nearly at right angles to the coi;rse of the vein, showed in its whole

length a mixture of red and specular ores with ankerite. Another

excavation, ninety-five feet to the northward of the first, exhibited

ankerite tinged of a deep red colour by peroxide of iron, and traversed

by reticulating veins of red iron ore. A third opening, 365 feet south-

eastward of the first, showed white and gray ankerite, having some of

its fissures coated with tabular crystals of white sulphate of barytes.

The walls of the vein wei'e not seen at this place ; but 150 paces south

of the first trench a thick dike of greenish igneous rock, apparently a

very fine-grained greenstone, appears, with a course of S. 102° W.
This dike was not seen westward of this place, but it can be traced for

a considerable distance to the eastward. In the Mill Brook, two miles

east of Folly River, it appears in connexion with a bed of black slate

near the margin of the metamorphic system, and probably a continuation

of that seen in a similar position in the Folly and Great Village Rivers.

At the Mill Brook the dike is about 100 feet in thickness.

In the bed of the Mill Brook, the vein is seen in the form of a

network of fissures chiefly filled with ankerite ; and in its eastern bank

it attains a great thickness. In the bank of another brook still further

to the eastward, and in the same line of bearing, it appears to be of

large dimensions, and contains abundance of red iron ore and rcil

ankerite. I have not traced it further to the east, but I have no doubt

of its continuance to a great distance in that direction.

The geological history of this deposit embraces the following

occurrences :

—

1st, The formation of a wide irregular fissure, along a

great part of the length of the Cobequid Mountains. 2dly, The filling

of this fissure with a molten or softened, and partially even sublimed,

mass of feiTUginous and calcareous matter, presenting, as I think, an

evident illustration of the igneous formation of a vein of calcareous,

magnesian, and ferruginous carbonates. 3dly, The breaking up of the

vein thus formed by cross-fractures and faults, ithly, The partial

roasting of its contents by heat, so as to produce the red ores, which

if
'liiili
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are obviously the result of the heating and oxidation of a part of the

carbonate of iron, and this process may be seen, on minutely examining

the vein, to have extended itself from the walls of the smallest fissures.

5thly, The action of heated waters passing through its crevices, and

depositing sulphate of barytes and brown hematite. Qthly, The influ-

ence of the air and surface waters in changing large portions of the

superficial contents of the vein into ochrey hydrous peroxide of iron.

It is, however, to be observed that this deposit might be accounted

for on the supposition that a bed of iron ore and carbonate of lime and

magnesia, similar to those occurring elsewhere in the Upper Silurian,

had been so softened and altered by heat as to penetrate in vein-like

forms the surrounding rocks. Sir W. E. Logan has shown that

phenomena of this kind occur in the Laurentian regions of Canada.

This deposit is evidently wedge-shaped, being largest and richest

on the surface of the highest ridges. It contains, however, an immense

quantity of valuable ores of iron, though its iiTCgular character opposes

many difficulties to the miner. Difficulties have also been found in

smelting the ore to advantage; but these are often incident to the

first trials of n-w deposits, to which the methods applicable to others,

of which the workmen have had previous experience, do not apply.

It is believed, howevei", that these preliminary hindrances have

been overcome, and that the mine has now become highly profitable

to its proprietors. I quote the following estimate of the value of

the deposit from the elaborate Report of J. L. Hayes in 1849. It

has been fully confirmed by experience :

—

" From the descriptions which I have above given, it is evident,

that although the unlimited extent of the ore at any particular point

can only be determined by working the deposits, yet an immense field

is open for explorations and working.

" Although it is quite probable that an abundant supply of ore will

be found upon the west bank of the river, at a price which will not

exceed two dollars to the ton of iron ; if this should not be the case,

an ample supply can be furnished from the other localities at an expense

which, including raising and hauling, could not exceed four dollars to

the ton of iron. I would advise the opening of the veins at different

points upon the line, to determine the cheapest point for mining, and

the ores which can be used most advantageously. If this is done,

the price of the ore cannot be fairly set down at the sum for which it

can be obtained from the nearest locality, but at an average of the

prices of the ores from different localities, delivered at the point

selected for the furnace. This may be estimated at three dollars to

the ton of iron.
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" The value of this locality with rcsjiect to ore may be judged of

by comparing it with establishments in the United States. In Berk-

shire County, Massachusetts, at some establishments which have been

successfully conducted, the price of the ore is between five and six

dollars to the ton of iron. In Orange County, New York, ore yielding

between 40 and 50 per cent, costs between four and five dollars to the

ton of iron. At one locality in New York the ore costs ten dollars to the

ton of iron. At some establishments on Lake Champlain, ore costing

one dollar per ton at the mine, is carried twelve miles to the furnace.

The ore at the Baltimore furnaces costs over seven dollars to the ton of

iron. This is about the average cost of the ore at the furnaces in

Pennsylvania. Estimating the cost of the ore even at four dollars to

the ton of iron, there will be advantage over the average American

localities.

"The cost of ores at some of the Swedish and Russian furnaces is

still greater. In certain parts of the Ural Mountains the minerals are

carried by land to the forests a distance of from 40 to 80 miles. Some

of the forges of Sweden are supplied with minerals from Presburg and

Dannemora, which are transported by land-carriage, the lakes, and

the sea, to distances exceeduig 370 miles.

" There is no trace of sulphur, arsenic, or any foreign matter which

can deteriorate the quality of the iron, or of titanium or chrome, which

would render the ores refractory. The red ochrcy ore, the most

abundant variety, being sufficiently porous to present large surfaces

to the reducing gases in the blast furnace, and yet sufficiently compact

not to choke the furnace, but to allow the free passage of the blast,

can be used with peculiar advantage. The daily make of iron from

these ores will be large, and the consumption of combustible com-

paratively small.

"I have no doubt that iron of the first quality for purity and strength,

and which will demand the highest prices in the market, can be made

from these ores. If Mr Mushet's opinion, based upon his own ex-

periments, that these ores will furnish steel-iron equal to the best

Swedish marks, should prove correct, these ores possess a rare value

;

for, of the many charcoal iron establishments in the United States,

I know but one which furnishes iron suitable for making the first

quality of steel."

In addition to the use of the ores of iron in these deposits as sources

of the metal, mineral paints and artificial slate of excellent quality are

manufactured from the iron ochres of the Folly Mountain, and are

extensively used for protecting wooden buildings, etc.

Since the publication of the first edition of this work, extensive
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mining and smelting operations have been carried on at the London-

derry mines, and in 1865 I saw a thriving mining village where,

in 1849, there had been but a wild wooded ravine. I had not time

to visit the excavations ; but Dr Iloneyman informs me that the

original vein at Great Village still holds out, or rather appears as

two veins, about twenty feet apart, and each with from four to five feet

of ore, though occasionally widening to about twenty feet or dimin-

ishing to mere strings. One of them consists chiefly of brown

hematite. Extensive openings have been made at Martin's Brook,

where the ore is also hematite. The ore is now smelted with

charcoal, large quantities of which are made in the neighbouring

hills ; but a great extension of the operations is anticipated, so soon

as the railway shall connect the mines with the coal district of

Springhill. The reputation of the iron made from this ore is very

high, owing to its excellent quality, and suitableness to the manu-
facture of steel.

Within the last few years veins of hematite are stated to have

been discovered in rocks of Upper Silurian age on the East Kiver

of Pictou, near Springville, and I have received from a locality near

the French River of Merigomish a fine specimen of compact carbonate

of iron, which is said to occur there in large quantity, though whether

as a vein or bed I am not informed.

Veins of iron ores, similar in character to those above described,

occur in nearly every part of this metamorphic district ; they are,

however, of small magnitude, and I am not aware that they are in

any place of workable dimensions. In many places extensive masses

of shattered quartzite and slate are penetrated in every direction by

slender veins of micaceous specular iron ore.

In addition to these veins of iron ore, conformable beds, as already

mentioned, exist in the Upper Silurian slates, more especially on the

East River of Pictou, at the locality indicated on the map. At
this place, one bed appears to bj forty feet thick, and much
resembles that in the Devonian at Nictaux, but the ore is more

silicious, and contains only about forty per cent, of metal. It is

not at present worked. This bed of ore could no doubt be traced

extensively, and must evcntuall) become of great economical im-

portfvnce. Though the ores are less rich than those of the Cobcquid

Mountains, the deposits are likely to be more continuous and persistent.

This great bed of ore on the East River of Pictou is especially

worthy of the attention of capitalists engaged or about to engage

in smelting operations, as it is only ten miles distant from the Albion

coal-mines, and is in the vicinity of abundance of limestone and

«*:; I'

I:.



m THE UPPER SILURIAN.

I

building-stone. The hematite and clay ironstone of the same region

might also be profitably used with the specular ore of the great bed.

Copper ores occur in several parts of this district. In the country

eastward of the Lochaber Lake, in the county of Sydney, large

fragments of copper and iron pyrites are found in the surface gravel,

and have no doubt been derived from a vein containing this ore,

along with ores of iron similar to those of the Cobequid Hills, and

which are found attached to the loose fragments. These indications

were examined by the author in 1848, and made known to the

Mining Association. A Cornish miner was afterwards employed

by the Association to explore the locality, but his labours were un-

successful; and as yet nothing has been found except the loose

masses already referred to, some of which are from two to three feet

in diameter. The sti'ike of the rocks at this place is S. 70° W. to

S. 20° W., and the district in which the ores occur consists of olive,

gray, and black slates, with beds of quartzite and dikes of green-

stone and compact felspar. In some places the slates are filled with

small veinlets of specular iron ore and ankerite. The pyrites con-

tains from four to seventeen per cent, of copper, the average of

several specimens being 10'8 per cent. This would be a valuable

ore if found in sufficient quantity and of easy access ; there appear,

however, to be serious difficulties in the way of opening the

deposit, more especially its low situation and the depth of the surface

cover.

Copper pyrites, yielding 31*6 per cent, of copper, and therefore

of very rich quality, has been found on the south branch of Salmon

Eiver ; but I am not aware that it occurs in sufficient quantity for

mining purposes. This ore has also been found in small quantity

near the Acadia iron-mine, and in the barytes veins at the Five

Islands.

Sulphate of Barytes.—This mineral occurs in considerable quantity,

in numerous irregular veins traversing the slates in the banks of the

East River of the Five Islands. I have little doubt that these veins

are strictly a continuation of the great iron veins already described
;

but here barytes predominates, and only a small quantity of specular

iron is present and a very little copper pyrites. The barytes at this

place is pure white, and often in very beautiful crystalline masses.

Its cavities are coated with fine crystals of carbonate of lime of the

variety known as dog-tooth spar. Large quantities of barytes have

been extracted at this place, by levels and open excavations in the

steep sides of the ravine, and have been exported to the United States

;

but I believe the demand has not been found sufficient to warrant a

"if
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continuance of the works on a large scale. The presence of copper

ores at this place, associated with such a veinstone as sulphate

of barytes, affords some promise that if the excavations were

continued, valuiible quantities of such ores would be discovered.

White marble occurs in the mctamorphic slates at Five Islands,

as well as a coloured marble of a purplish hue, with green spots

tinged by serpentine. These beds at Five Islands have not been

sufficiently opened fairly to test their quality. The white marble

affords small specimens of great purity and of very fine grain. The
coloured variety has been objected to on the ground of unequal

hardness.

Slate, apparently of good quality, is found in New Canaan, and

on the Middle River of Pictou. It is not at present quarried, but

the first-mentioned locality would appear to present great facilities

for profitable working.

Syenite and Porphyry, suitable for building and ornamental pur-

poses, occur in various parts of the Cobcquid Mountains, and on

the east side of the Bras d'Or, and other places in Cape Breton.

Owing to their inland position, and the want of any internal demand,

these rocks are not at present quarried.

Smoky Quartz, in large and beautiful crystals, is found in the

surface debris at Paradise in Annapolis County ; and its native

matrix is a reddish compact felspar, which occurs in veins in the

granite of that district.

Useful Minerals of the Upper Silurian in New Brunswick.

The Upper Silurian rocks of Charlotte County afford promising

indications of lead and cojjper, and are a continuation of the metal-

liferous rocks of Washington County, Maine ; but little has yet been

done to ascertain their actual value. To this age are referred the

copper ores of Le Tete and the sulphate of barytes of Frye's Island,

.said to be in lai'ge quantity and accessible. Copper and iron have

been .stated to occur at Dickie Mountain and Bull Moose Hill, in

the Kingston group ; but are not very favourably reported on by

Professor Bailey. As I have not personally examined any of the

localities, I may refer the reader for such information as is at present

to be obtained to the Reports of Professor Bailey and Professor Hind.

It may be anticipated that the igneous and metamorphic hills

of this district in Nova Scotia and New Brunswick, so varied in their

composition, and at present so little open to detailed investigation,

will be found to contain many useful minerals in addition to those

2q
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above mentioned; and that as population and entci'pi'isc increase,

they will become important mining and manufacturing districts.

The soils of this disti'ict arc in general good. They produce in

their natural state a fine growth of hardwood timber, sufficient for

a long time to supply the demands of the shipyards and iron furnaces,

and when cultivated they are remarkably favourable to the growtli

of hay and grain crops. They are well supplied with lime and

phosphates ; and when deep are less easily exhausted than most other

kinds of upland. Hence in the more fertile parts of these hills, as

in Southern llorton, Earlton, New Annan, the Pictou Hills, Lochabcr,

and Northern Cape Breton, there arc fine and flourishing agricultural

settlements, which, in spite of a climate a little more rigorous, are

advancing more rapidly in wealth than most of the lower districts.

Fossils of the Upper Silurian.

Under this head I give the descriptions of new species published

by Professor Hall in 1860, and notices of additional species rAncc

obtained, including the Palceaster described by Mr Billings, aiid species

mentioned by Mr Salter as occurring among Dr Honeyman'h

specimens submitted to him, also the specimens communicated to

me by Professor Bailey in 18G7.

1. Radiata.

Stenopora, allied to S. fibrosa. East River, Arisaig.

Favosites Gothlandica, Lin. Dalhousie, Professor Bailey.

Favosites polymorpha, Goldfuss. Dalhousie, Professor Bailey.

Favosites basaltica, Goldfuss. Dalhousie, Professor Bailey.

Helopora fragHis, Hall, var. Acadiensis. Arisaig, coll. J. W. D.

Zaphrentis, n. s., identical, according to Mr Billings, with a species

from Port Daniel. Dalhousie, Professor Bailey.

Astrocerium pyriforme, Hall. New Canaan, coll. .T. W. D.

Astrocericum venustum, Hall. New Canaan, coll. J. W. D.

Heliolites, allied to //. elcgans. New Canaan, coll. J. W. D.

Petraia Forresteri, Honeyman, Arisaig. I have seen no descrip-

tion or figure of this species.

Dictyonema Websteri, Dawson. Beech Hill (for description and

figure see p. 163, supra).

Palceaster pa7'viusculus, Billings (Fig. 197). The specimen is

about six lines in diameter. The rays are two lines in length ami

one line and a half in width at the base, tapering at nii angle of a

little less than 45°. The five oral plates are sub-pentagonal, about

half a line in width. The first adambulacral plates of each pair of

l1 ..i
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species published

>r description and

jxirviusculuf.

adjacent rays are in contact with each other outside of the oral plates,

and not completely separated as they are in P. Niagareiisis. Tlicro

are six or seven adanibulacral plates on each side of the ambulacral

groove in each ray, and they gradually decrease in size from the

oral plate outwards to the point of the ray. The width of the

ambulacral groove is equal to one-third the width of Fig. 107.

the ray, and consequently the adambulacral rows of plates

are also each equal to one-third the whole width of the

ray. In each groove tliere are two rows of small and

apparently nearly square ambulacral plates, twelve or

fourteen in each row, and they seem to be continued

round on the inner nuirgin of the oral plates ; the mouth is about

one line wide.

This species differs from P. Niagarcnsia, llall (Pal. N. Y., Vol. 2,

page 247, PI. 51, Figs. 21, 22, 23), in being smaller, the rays not so

slender, and more importantly in the junction of the adambulacral

plates outside of the oral plates.

The specimen was collected at Arisaig by Rev. Dr Iloueyman.

2. Mollusca.

Crania Acadicnsis, Ilall (Fig. 198). Circular or broadly sub-

oval, moderately convex, the greatest convexity near the apex ; apex

obtuse.

Several casts show a central elevated area, with strong muscular

impressions ; the more elevated portion being surrounded by a flat-

tened border, which is radiatingly striate.

These specimens are casts which appear to be of the ventral valve

;

and the form of the muscular impressions is so characteristic of the

genus that I can have little hesitation in thus referring them. Arisaig,

East River, coll. J. W. D.*

Discina tenuilamellata, var. suhplana. Shell broadly elliptical, or

suborbicular, externally depressed, apex subcentral ; surface marked

by thin sharply elevated lamellaj.

This closely resembles the Niagara species of New York, but may
be distinct. Should further examination prove it a diKtinct species,

the name D. suhplana may be adopted. Arisaig, coll. J. W. D.

Three other species of Olscma are mentioned by Dr Iloneyman as in

his Arisaig collections.

Chonetes Nova Scotica, Hall (Fig. 199). Shell semi-elliptical,

width varying from once and a half to nearly twice the length. The

* Of the species from Aris.iig thus marked, some specimens were collected by Dr
Iloneyman, wid were placed with my own collections in the hands of Professor Hall.
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on each side of the mesial fold and sinus, strong, and much elevated,

subangular, crossed by numerous strongly elevated, Inmcllosc, imbri-

cating concentric stria;.

The specimens examined are almost all imperfect ca.sts, some of

which preserve the imi)res8ion of the strong concentric striae, and in

one or two .specimens an impression of the shell reveals the strength

of the surface nuirkings.

In many respects this species resembles the *S'. perlatnrllosa of the

LoM'cr Helderberg group in New York, but the mesial elevation of this

species is flattened or depressed, a character never observed in New
York specimens. Arisaig, East Hiver, coll. J. W. D.

Spirifcr suhsulcatiis, Hall. Shell scmi-cUiptical, hingc-linc equalling

or greater than the length of the shell below
;

plications five or six

on each side of the mesial fold ; mesial fold somewhat flattened or

very slightly rounded on the summit
;

plications rounded ; surface

concentrically lamello.se.

Tiie specimens are all casts, or impressions of the shells.

They bear some resemblance to S. sulcalus of the Niagara group,

and arc intermediate between that species and the S. cycloptera of the

Ijower Helderberg group. Arisaig, East River, coll. J. W. D.

Spirifera, resembling *S. cycloptera, but with regular ribs. East

River, coll. J. W. I).

Strophomena j)rofunda, Hall. Arisaig, coll. J. W. D. Dalliousie,

Professor Bailey.

/S*. rugosct. Arisaig.

.S. flat striated species. East River, coll. J. W. I).

,S'. corriigata, Conrad. Arisaig, coll. J. W. D.

Tremastuspira Acadia, Hall (Fig. 201). Shell wider than long;

beak of the ventral valve produced and incurved ; mesial depression

marked by a small fold on each side, which originates about one-third

of the length below the beak and continues to the margin; sinus

bounded on each side by a more strongly elevated plication, beyond

which are six other plications on each side. Surface marked by fine

concentric strire.

This shell is referred to the genus Trematospira from external

characters alone, which are unlike Rhynchonella proper, and the shell

is not a Spirifcr. Arisaig, coll. J. W. D.

Rhynchospira sinuata, n. sp. Shell ovoid, ventricose beak of the

ventral valve incurved ; a mesial sinus beginning a little below the

beak; surface marked by about eight or nine simple scarcely sub-

angular plications on each side of the mesial sinus.

Surface marked by concentric lines of growth.
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;

, and the hinge-

ic shell; ventral

front, although deep,

valvo moderately convex, carinato in the middle by a strong plication

with six or seven smal'or ones on each side, the lateral ones slightly

curved towards the outer extremity. Dorsal valve concave, with

a broad shallow mesial sinus, the margins on either side being bent

a little upward, giving a sinuous outline to the margin of the siioll

;

surface marked by fine concentric stria;.

This species resembles the L. hemi'sphrrica of the Clinton group

in New Vork in general form, but the hitigc-lino is shorter, and

the extremities rounded ; the mesial elevation consists of a single

strong plication, while in L. hemixphcrica the surface is regularly

plicated, with the central one sometimes a little stronger than tho

others. Arisaig, coll. ,]. W. D.

Atrypa reticularis, Dalman, Arisaig. East River, coll. J. W. D.

Atrijpa ewaccrata, Hall. Arisaig, coll. ,J. \V. J).

Alhyris [Merista) didtjma, Dalman. Kast River, coll. J. \V. D.

Orthis tesfitdinaria, Dalman. Arisaig, coll. J. W. D.

Lingida ablonga, Hall. Arisaig, coll. ,f. W. D.

Lingula, (?) n. s. Mcrigomish, Dr Honeyman.

Modiolnpsis (?) rhomboidi'a, Hall (Fig. 203). Shell sub-rhomboid,

rounded in front, wider and obliquely truncate behind, hingo-lino

slightly ascending from the antcrioi' end ; beaks subterminal, posterior

umbonial slope obtusely subnngular below, anterior to which the

shell is flattened ; basal margin nearly straight, the shell gradually

widening behind, and the posterior basal extremity abruptly rounded,

Surface evenly striated concentrically.

Anterior muscular impression very strong, posterior muscular im-

l)ression less strongly defined, but still very conspicuous and sub-

duplicate
;

palleal line simple, nearly parallel to the basal margin,

strongly and almost equally defined iu all parts of its length between

the two muscular imprints.

This shell bears some resemblance to M. primigcnius, but is less

vcntricosc in the middle, and the sub-angular umbonial slope is not

so well defined in that species. Arisaig, coll. .T. W. D,

Modiolopsis sub-7iasulus, Hall. Shell elongate sub-spatulate, the

length being more than twice the greatest width at the hinge-line

;

slightly ascending posteriorly; beaks sub-anterior, the anterior end very

narrow, gibbous on the umbones, with a sub-angular ridge on the

umbonial slope which extends to the postero-basal angle ; basal

margin nearly straight, the posterior end somewhat flattened and

obliquely sub-truncate at the extremity; surface marked by con-

centric lines of growth.

Tliis shell bears a close general resemblance to M. nasutns of

linniif
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the Trenton limestone, but a careful comparison shows it to bo

wider and more abrupt at its posterior termination, while tlic

direction of tlie stria; of growth is very distinctive, those marks

being regularly curving toward the posterior end in J\[. nasutus,

while in this species ihcy are abruptly bent at the postero-basal

angle, and again on the cardinal side, corresponding with the

truncate posterior extremity of the shell. Arisaig, coll. .J. AV. D.

Modiolopsis allied to M. subcarmains. Arisaig, coll. J. W. I).

Clidophorus cuneatus, Hall. Shell ovoid, gibbous in the middle

and on the umbones, gradually declining behind ; beaks anterior,

sub-terminal ; anterior end broadly rounded, the posterior end

narrower and sub-acute, posterior umbonial slope marked by an

obtuse rounded ridge, which extends to the posterior (ixtremity,

and below this an undefined sinus which, expanding, extends to

the postero-basal extremity, while a less defined ridge bounds this

sinuosity on its anterior side ; surface marked by fine irregular con-

centric striae.

In the casts of this shell there is a strong linear straight clavicle,

extending from a point just anterior to the beak two-thirds across

the valve. Arisaig.

Fig. 203.

Modiolopsis rliomhoidea.

Fig. '20-1. Fig. 205.

CliilopJiorus cnvrciiiiicus. Clidophonis erectus.

Clidophorus concent7-icus, n. s. (Fig. 204). Shell sub-equilateral,

very broadly oval-ovate, the anterior end the broader ; height nearly

four-fifths the greatest length ; anterior side a little shorter and more

broadly rounded at the extremity; a slight depressed sinus on tlic

posterior umbonial slope, which is more anterior than in the preceding

species. Surface marked by even band-like concentric stria ; shell

thin; a linear cuvving davicle extends from the cardinal line just

anterior to the beak more than half way to the base.

The prominent points of distinction between this and the preceding

shell are the nearly central beaks, the band-like striai, and the curving

clavicle with the broad and nearly equal extremities of the valve.

Arisaig.

Clidophorus ereclus, n. s. (Fig. 205). Shell somewhat rhomboid-

ovate, the height and length about equal ; umbones prominent, beaks

nearer the anterior end, somewhat curved and elevated; posterior
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Fig. 206.

C. elongatus.

cardinal line curving, with a scarcely defined ridge along the um-

bonial slope ; basal margin strongly rounded, sinuate on the postero-

basal margin and regularly rounded, with a scarcely defined ridge

extending down the slope just anterior to the clavicle. Surface finely

striated concentrically, a slightly curving clavicle extending from the

cardinal line nearly two-thirds the u'::tanccto the anterior basal margin.

This species differs from tlie preceding in the equal length and

breadth, and consequent greater proportional height, in the sinuosity

of the postero-basal margin, and more abruptly-rounded basal outline,

and the curving forward of the beaks. Arisaig.

Clidophoviis clongcvia^ Hall (Fig. 206). Shell sub-elliptical,

length about twice tlu' height, beaks much nearer to the anterior

end, wlrich is narrowly rouiuled ; umbones rounded, prominent ; a

defined gradually widening depres.sion extends from the

umbo to the posterior basal margin, causing a straighten-

ing or slight sinuosity in the edge of the shell ; a defined

ridge along the posterior slope between the sinus and the

cardinal margin. Surface very finely striated. A slender

clavicle extends from the anterior cardinal margin a little more than

half-way io the base, and curving slightly forward.

This species differs externally from all the others in the greater

proportional length and in the rounded umbones.

Tiie C. cuneatus of the same size is a stronger and proportionally

higher shell, having a less defined sinus on liio posterior slope, and

a much stronger clavicle. Arisaig, coll. J. W. D.

Clidophorus semi-radiatus, Hall. Shell somewhat oval-ovate, length

about one-third greater than the height.

Surface marked by fine concentric band-like stri«, and the posterior

sl^pc by flattened dichotomized radiating strifv;, the two sets of striae

gi. dually dying out at their junction. A faint line anterior to the

'.eak marks the place of the clavicle. Arisaig, coll. .J. W. D.

Clidophorus nuculifurmis, Hall. Shell nearly equilateral, sub-

ventricose, height and length as seven to nine. Anterior end rounded,

basal margin regularly curved; posterior end sub-acute, a slight

flattening or depression along the posterior umbonial slope, and be-

tween this and the cardinal line a narrow ridge. On the anterior

slope there is a depressed line almost parallel to the cardinal line,

marki..g apparently the course of the clavicle. Surface marked by

line concentric striio.

This species resembles in form the C. concentricus in its equilateral

form, but the fine unequal concentric stria; and the difference in direc-

tion of the clavicle are sufficient to distinguish it. Arisaig, coll. J. W. D.

. \
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Clidophonis snbovatus, Hall. Shell, broadly oval or ovate, moder-

ately and evenly convex ; beaks near the anterior end ; umbones

moderately elevated ; a scarcely defined depression extending from

the umbo towards the postero-basal extremity; anterior extremity

rounded, posterior extremity unknown ('? regularly rounded) ; clavicle

extending half way from the anterior cardinal margin to the base

of the shell. Surface marked by fine unequal sub-lamellose

stria;.

This shell is larger and more regularly convex than any of the

others here described, and more inequilateral than any except the

C. cuneatus. Arisaig, coll. J. W. D.

Nuculiles (Orthonnfa) carinata, Hall (Fig. 207). Shell extremely

elongate, nearly three times as long as wide ; sides sub-parallel

;

hinge-line straight, beaks apprcssed, sub-anterior, the anterior ex-

tremity rounded; posterior extremity obliquely truncate, longer

on the hinge-line than on the basal margin. Surface m.uked by a

sharp carina which extends from the umbo obliquely to the postero-

basal angle ; the space anterior to this carina marked by distinct

elevated lamcllose stria:, and intermediate finer ones. The space

between this and the cardinal line smooth an ;.:htly depressed.

Cardinal line anterior to the beak showing six oi .;c n crenulations.

A strong clavicle extends from the anterior cardinal line with a

gentle curve nearly to the base of the shell. Arisaig, coll. J. W. I).

Fig. 507.

NucnUtes carinata.

Fig. 208.

Tdlinomya attemtata.

Fig. 209.

Mcgamhonia canccllaUi.

This shell presents characters not before observed combined in

one species. It has the general foitn of Orthonta, while the crenu-

lated cardinal line and the anterior clavicle are characters of Auculiks.

The shell is readily distinguished from species of eithei' genus hereto-

fore described. The Orthonolte, yet known, have the surface marking

much less sharply defined.

Tcllinomija attenuata, Hall (Fig. 208). Shell elongate, narrow,

more than twice as long as high, antc-;ior end short and rounded

;

beak elevated, situated a little in advance of anterior third, posterior

end narrow and abruptly rounded ; basal margin slightly curved,

and impressed posterior to the centre
;
posterior cardinal line straiglit

but gradually declining; contour evenly convex. Surface concen-

trically striated, shell thick.
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This shell resembles the T. machcrriformis, but the anterior end i.s

prr»portionally longer and more regularly round, the posterior narrower

and more attenuated, and the convexity of the shell much greater. It

is much smaller and proportionally more elongated than the T. nasuta

of the Trenton limestone. Arisaig, coll. J. W, D.

Tellinomya anr/ustata, Hall. Shell elongate, narrow elliptical, more

than twice as long as wide, beaks fully one-third from the anterior

end. The anterior and posterior ends similar and equally rounded
;

basal margin regularly curved without indentation or sinuosity. Si'r-

face evenly convex and very finely concentrically striated. Arisaig,

coll. J. W. D.

Leptodomus [Sanguinol'des) aratiis^ Hall, Shell rhomboid-ovate,

ventricose, beaks at the anterior third of the valve, incurved and

pointed forward, umbones gibbous, a slight depression from the

umbo directly to the base of the shell, leaving a slight impression

in the central margin
;

posterior slope sub-angular, the angle not

defined ; anterior slope with a defined angular ridge which borders

a large cordiform lunette ; anterior sharply rounded ; basal margin

nearly parallel with the hinge-line, curving upwards at the posterior

extremity, and somewhat obliquely truncated from the cardinal line.

Cardinal line straight posteriorly, with a wide and deep ligamental

area. Surface marked by strong unequal ridges and furrows parallel

to the basal margin, which become obsolescent on the posterior car-

dinal slope.

It is scarcely possible to refer any fossil with satisfaction to the

genera Sanguinolites or Leptodomus of M'Coy, since the grouping of

species under these names apputirs to us to comprise a heterogeneous

assemblage in either case. Our shell corresponds in its external

features with Leptodomus costellatiis of M'Coy, so far as the general

form, surface markings, ligamental area, etc., and is doubtless generi-

cally identical with that shell, Arisaig, coll. J. AV. D.

Megamhonia (?) canccllato, HaU (Fig. 209). Shell sub-ovate,

widening posteriorly, beak anterior, incurved, umbo gibbous, with

a gibbous umbonial slope on the posterior side, which is scarcely

diverging from the cardinal line
;
posterior extromity rounded, the

basal margin arcuate, with a slight impression anterior to the middle,

the anterior end a little gibbous. Surface cancellated by concentric

and radiating elevated stria;.

It is not possible from the specimen before me to refer the species

satisfactorily to any known genus. Arisaig, coH. J. AV. D.

Mogambonia striata, Hall, Shell somewhat oval, the basal and

cardinal lines nearly parallel ; beak sub-anterior, small ; umbones

; 6

I
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convex, scarcely gibbous ; umbonlal slope regularly convex, below

which is a slight depression reaching to the postero-basal margin;

posterior end rounded, the longer part of the curve on the basal side.

Anterior end short and narrow, somewhat abruptly rounded. Surface

marked by regularly radiating rounded stiia; with faint concentric lines

of growth.

This differs from the preceding species in being less gibbous, in the

more nearly parallel cardinal and basal lines in the direction of the

umbonial ridge, and in the stronger radiating striae. Arisaig, East

River, coll. J. W. D.

Avicula IIoncy)iiani, Hall (Fig. 210). Left valve : body of the

shell obliquely ovate, convex and somewhat gibbous towards the

umbo, anterior wing small rounded, posterior wing large triangular,

obtuse at the extremity, extending two-thirds the length of the shell.

The line between the wing and body of the shell well defined by a

Fig. 210.

—

Aficula Iloiicymani.

slight abrupt depression along the junction. Surface marked by

rounded radiating strife which are interrupted by fainter concentric

undulations or lines of growth ; the wing is marked only by con-

centric stria3.

This species bears some resemblance to A. emacerata of the Niagara

and Clinton groups of New York ; but its form is .slightly more oblique,

and the wing is marked only by concentric striae, while in the New
York species the radiating lines on this part are .stronger than the

concentric ones. Arisaig, coll. J. W. D.

Grammysia trlangidata, Salter. Arisaig, Dr Iloneyman.

Grammysia cingulata, Ilisinger. Arisaig, Dr Iloneyman.

Plerinea retroflexa. Arisaig, Dr Honeyman.

Goniophora cymbaeformis, Sow. Arisaig, Dr Honeyman.

and the three last .shells I give on the authority of Dr Honeyman

and Mr Salter.

Theca Fo7-besii, Sharpe. Collected by Dr Honeyman at Arisaig.

Murchisonia Arisaigensis, Hall. Shell teretely conical, volutions

about five, gradually increasing from the apex, rounded with a slight

angulation or carina in the middle. The surface is unknown, and tlic

This
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angular band on the volution is the only means of determining its

generic relations.

This differs from any of the described species of Murchisonia from

American localities. Arisaig, coll. J. \V. D.

Murchisonia aciculata, Hall. Shell slender, very gradually tapering,

volutions about six or seven, the last ones moderately vcntricose,

aperture elongate-oval or ovate, rounded at the anterior margin,

columella plain ; volutions marked by p. distinct band along the

centre, and a sub-sutural carina marking the upper side of the volu-

tions ; surface striated, Arisaig, coll. J. W. D.

Pleurotomaria. A flat species with four turns. Arisaig, Dr Iloney-

man. Nictaux, J. W. D.

Holopea reversa, Hall (Fig. 211). Shell small, sinistral; spire

depressed, volutions about tliree ; the two first small and gradually

expanding, the last one rapidly expanding and ventri- „.

cose ; aperture wide expanded ; suture impressed. Sur-

face unknown. This shell \v i the general form of Holo- (Qj
pea, but I have seen only a single specimen, which is a

cast. It is remarkable and readily recognised from the si.iistral spire.

Arisaig, coll. J. W. D.

Bucanla trilobifa, Hall. Arisaig, East River, Nictaux, coll. J. W. I).

Bellerophon expansus ('?), Sow. Arisaig, Dr Iloneyman.

Bellerophon carinatus, Sow. Arisaig, Dr Honeyman.

Platyschimna helicites, Sow. Arisaig, Dr Honeyman.

Acroculia hclicitcs, Sow. Arisaig, iJr Honeyman. This and the

three last species are from the lists of Dr Iloneyman and Mr Salter.

Orthoceras punctostriatiim, Hall (Fig. 212). Shell slender, very

gradually tapering, almost cylindrical. S«-'pta distant about one-third

the diameter. Siphuncle central ; action circular. Surface very

finely striated with unequal undulating striie, the interstices between

wliich are punctse, which are oblong indentations often becoming

coiiflueut.

i

1
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bcrs in the sjmcc of one inch. The surface markings arc peculiar, and

among the spcclos of the genus known to us constitute a distinctive

cliaracter. Large si)ccimcns nearly two inches in diameter from l']ast

River have the characters of this species. Arisaig, coll. J. W. D.

Orthoccras clegatittihan, Dawson (Fig. 213). This is a very

beautiful species, apparently new, but closely resembling 0. perelrr/ans,

Salter, of the Lower Ludlow formation. It is cyUndrical, but slightly

flattened ; septa very convex and one-twentieth of an inch apart in a

specimen half an inch in diameter ; siphuncle central. Surface witli

slight rounded anuulations from one-eighth to one-fourth of an inch

npart, and covered with delicate transverse stria;, scarcely visible to

the naked eye, and about sixteen in a line. Under the microscope

the strias appear as thin sharp parallel curved ridges, the spaces

between being finely granulated and wider than the ridges. Arisaig,

coll. J. W. i).

Orthoccras ('?), n. s. East River, coll. .L W. D.

Orthoccras (?), n. s. Nictaux, coll. J. W. D.

Cyrtoceras^ n. s. East River, coll. J. W. D.

Orthoccras exornatum, Dawson. Arisaig, coll. J. W. D. This

species, collected by Dr lloneyman at Arisaig, is circular in the cross

section, moderately tapering, and straight ; with the siphuncle slightly

excentric, and septa half a line to a line apart, in a specimen two to

four lines in diameter. The surface is slightly annuhited, and orna

mented with about twenty-four flat longitudinal flutings in the manner

of a Doric column. The whole surface is also delicately striated

transversely.

Orthoccras nummulare, Sow. Arisaig, Dr lloneyman.

Orthoccras Ibex, Sow. Arisaig, Dr Honeyman.

Orthoccras, like 0. bullatum, Sow. Arisaig, Dr Honeyman. This

and the two last are given on the authority of Dr Honeyman and Mr

Salter, who also mention species of Lituitcs and Phragmoceras.

Articulata et Incertcc scdis.

Cornulites flcxuosus, var. gracilis. This fossil resembles the one in

the Clinton group of New York, but is somewhat more slender, and

the annulations a little more closely arranged. The specimens from

the rocks of New York present some variation in form, and the com-

parative distance of the annulations. None of them, however, are so

slender as the Nova Scotia specimens. Arisaig, East River, coll.

J. W. D.

Cornulites (?), n. s. East River, coll. J. W. D.

ilomalonotus Dawsoni, Hall (Eig. 214). Caudal shield somewhat

parabolic, obtuse at the extremity, very convex, width at the anterior
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side greater than the leiigtli of the axis. Axis wider than tlic h\toral

lobes, distinguishable (in casts) from the lobes by a bending of the

ribs and a scarcely perceptible depression along that line ; annulations

abruptly prominent ; seven on the lateral lobes and nine on the axis,

the anterior ones bending slightly backward at the line of division

between the axis and the lateral lobe ; each successive one bending

more and more abruptly till the last one approaches a rectangular

turn ; the whole curving gently forward at tiieir extremities, and all

terminating abruptly before reaching the margin. Behind the seventh

aunulation tlie axis is marked by two more annulations, leaving nearly

one-fourth of its length smooth.

This species is described from the casts and impressions of the

caudal shield, so that the crustaccous covering is unknown. It is

readily distinguished by the bnjad not prominent axis, the rectangular

direction of the annulations oii the axis, and their abrupt bending at

the lateral furrow. An impression of a few imperfect annulations of

the body shows that they are strongly elevated, much more so than

in any known American species. Arisaig, coll. J. W. D.

Fig. 214.

—

llomalonotus Dawsoni, Head and Pygidiuru.

Fig. 215.

—

Dtdmama Logani, Head and ryijidium.

When Piofessor ITall described this species, the caudal shield only

was known, vith some of the segments of the body. Dr Iloneyman

subsequently found specimens of the head. It has the posterior border

nearly straight, the glabella moderately proininent and slightly wider

behind than before. It descends abruptly in front, and the frontal

margin appears to have risen with equal abruptness in front of the

glabella and eyes. The eyes are large and prominent, and advance

into a line with the front of the glabella. Some specimens have the

head nearly three inches broad.

Calymcne JJlumenbachii, var. Caudal shield somewhat semicircular,

axis very prominent, marked by about seven annulations, lateral lobes

marked by five ribs, the four anterior ones bifurcating. Surface granu-
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lose. The specimens are not sufficient to make any satisfactory

determinations regarding specilie difTercnces. Arisaig, East Kiver.

Dalmania Lugani, Hall (Fig. 215). The specimens are two or

three imperfect ceplialic shields, one preserving the palpebral lobes,

and others consisting principally of the glabella, with two or three

parts of caudal shields. There is a fragment of a cheek w'lich may

be of this species. Cephalic .shield somewhat .semicircular. Glabella

ovate, wider in front and truncate behind, depressed convex ; occipital

ring narrow, prominent ; occipital furrow bending a lit*le forward in

the middle, and curving gently backward in the midille of each side,

and again turning forward
;

posterior furro a's narrow and sharply

impres.sed, each one extending about one-third across the glabella and

curving forward at their outer extremities ; central furrow linear,

obscure, having a direction transverse to the axis; anterior furrnw

obscure ; oblique to the axis, linear extending to the margin of the

glabella a little forward of the eye ; frontal lobe regularly rounded

anteriorly. A fragment of a cheek in the same association is broad,

produced posteriorly in a short strong spine, and marked by a broad

sub-marginal groove. Caudal shield somewhat semi-elliptical, convex,

acute behind, axis very prominent, rounded and marked by about

eight annulations, which are gently curved backward at the extremi-

ties ; lateral lobes with six simple flattened ribs which terminate in

a thickened border, and separated from the axis by a strongly defined

furrow ; extremity abruptly pointed.

The glabella of this species more nearly resembles Phacops in the

general form and faintly impressed furrows, of which the posterior

one is conspicuous. The form of the palpebral lobe, and the absence

of tubercles at the base of the glabella, together with the form of the

caudal shield, ally it Avith Dalmania^ and it may be compared witli

D. Phillipsi of Barrande, but has a more pointed caudal shield, and

the cheek, if correctly referred, is prolonged in a posterior spine.*

Arisaig, coll. J. W. D.

Proctus Stokesii (?), Edwards. Arisaig, coll. J. W. D,

Homalonotus KnightU, Konig. Arisaig, Dr Iloneymun.

Phacops Dowjihigii, Salter. Arisaig, Dr Iloneyman. The two

last species are given on the authority of Dr Iloneyruan's and Mr
Salter's lists.

Beyrichia pustulosa, Hall (Fig. 21G). Valves unequally semi-

oval, a little more than once and a half as long as wide ; surface

marked by three prominent ridges ; central, ai-terior, and posterior.

The central one is a single oblong oval tubercle, which is directly

* Attached to a fragment of one of these trilohitps is a small Spirorbis. It is dextral,

with two to three turns, and rounded concentric wrinkles on the last whorl.—J. W. I>.
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transverse to the dorsftl miirgin and a little nearer the anterior side.

The anterior ridge consists of a single highly elevated, rounded or

papillose tubercle near the dorsal margin, and an elongated elliptical

tubercle placed obliquely near the antero-ventral margin, and in older

specimens sometimes swelling and spreading over the margin. The
posti rior ridge rises near the dorsal margin, and making a slightly

broader curve than the posterior end of the valve approaches the

ventral margin at the centre : the ridge is high and angular with n

small prominent tubercle at the dorsal extremity, and from four to six

smaller spine-like tubercles along its curve. The central ridge or tuber-

cle is separated from the lateral ridge by a distinct furrow, and its con-

tinuation from the base of the tubercle passes between the lower ends

of the two lateral ridges. Ventral and lateral margins with a narrow

thickened rim.

This species resembles very nearly the B. tuberculata of Klodeii, as

described and figured by Mr T. Rupert Jones. In our specimens the

dorsal angles are more rounded ; the posterior ridge at its base is

never extended beyond the m iddle of the valve, and is marked on its

crest by several small spine-like tubercles. The anterior ridge is

usually more extended along the ventral margin in our specimens,

and the furrow is better defined, wiiile the tubercles are never flattened

above or overhanging the base as shown in the European specimens.

Smaller specimens, which aj)pear to be the young of this species, pre-

sent some slight variations of surface markings, but show less difference

than the young of B. tuberculata. Arisaig, coll. J. W. D.

l"ig. 217.—i?. equilatem.Fig. 216.

—

BeijricJua puatuhsa.

Beyrichia equilatera, Hall (Fig. 217). Nearly equilateral, very

convex, marked by three sm. uth or nearly smooth ridges. The

central ridge is an oblong tubercle reaching from near the dorsal

margin a little more tlian half way to the ventral margin. The pos-

terior I'idge is a little larger, but scarcely differing in furm from the

anterior one, its ventral extremity terminating beneath or a little in

advance of the middle of the central tubercle. The furrow is narrow,

but well defined on the two sides of the central tubercle, and becoming

shallow in its passage to the marginal furrow ; ventral and lateral

margins thickened. Arisaig, coll. J. W. D.

Leperditia simiata, Hall. Minute, sub-ovute, anterior end narrow,

dorsal line one-third shorter than the length of the valve ; an extremely

minute tubercle near the anterior end. Centre extremely convex or

2 u
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ventricose; ventral innrj^iii near the posterior ciul a little sinuous, or

indented from tlic inner side. .Surface .snioutli under an ordinary lens.

Two speeiinens only of this species liave been observed, both of

them having tlic same dimensions. Arisaig, coll. J. W. J).

Tentaculites distans, var. The si)ecimens under examination do

not j)resent any important points of diflcrcnce from tliose of the rHiiton

group in New York, in the Nova .Scotia specimens tliere are nunuiroiirt

anuulations near the apex, whidi arc not observable in tlit .ew York

specimens. Arisaig, coll. J. W. D.

Note on the Character of the Metuinorphic and lyneous Backs of the

Upper ISilurian District.

These rocks introduce us more distinctly than the previously de-

scribed Devonian series to those changes in sedimentary deposits

known to geologists by the term metamorphisrn, and which, whatever

views may be entertained as to the precise causes of such changes in

the case of particular rocks, may be stated in general terms to be the

results of heat and pressure acting in the presence of moisture at great

depths in the interior of the earth. In so far as the Upper Silurian

rocks of Nova Scotia and New Brunswick arc concerned, the alteration

they have undergone and the unstratified masses introduced among

them, may be grouped under the following general statements :

—

First, Some portions consist of shaly, sandy, and calcareous deposits,

considerably hardened and much disturbed, yet retaining abundance

of fossil shells and other evidences of a marine origin. In these, witii

the exception of mere hardening, the changes which have been in-

duced on the sediments are limited to the following:—(1.) The pro-

duction of slaty structure, by which the rocks are rendered fissile in

planes different from those of their true bedding. This is termed

slaty structure as distinguished from mere shaly lamination, and is

believed to be due principally to mechanical pressure. (2.) In con-

nexion with this, much distortion of the fossils, so that their propor-

tions and general forms cannot be relied on as specific distinctions.

(3.) The production, to a greater or less extent, of crystalline struc-

ture; for example, in the New Canaan beds fossils occur in rocks

which have to a great extent been converted into micaceous schists.

Secondly/, Other portions, originally no doubt similar to those now

less altered, are highly metamorphosed, and are not only hardened and

schistose, but have assumed a crystalline structure, so that instead of

the mud, sand, and similar materials of which they were originally

composed, we find more or less crystalline aggregates of quartz, mica,
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felspar, honiblendc, cliloritc, and other ininenvLs, wliicli imist Imve

been produced by re-jirniiij^eiiieiit of the siib.stiiiiees coiitiiiiicd in the

.sediments, under tlie influence of cheniicid agencies. Siicii fo.ssils

as Miiiy have existed in these rocks have entirely disappeared, or may
ill some instances be seen to be replaced by mere nests of calcareous

cry.stals or even by cry.stals of garnet. Jn the district now under

consideration, these metamorphie rocks may be grouped under the

following heails, each of which, however, includes many varieties

graduating into each other:

—

(I.) Cluarlzite, or a hard silieious rock

produced from the alteration of .sandstone or arenaceous shale
; (2.)

Gnriss, a stratified rock compo.sed of quartz, felspar, and hornblende,

or (piartz, febspar, and mica, and a product of the metamorpliisin of

conglomerates and other nuxed sediments; (H.) Micaceous and

cldorilic slates, consisting of quartz and nuca, or (|uartz and chlorite,

and apparently a result of the further alteration of clay slates, into

which the micaceous schists graduate; (1.) Diurite or llornblendic

greenstone, a crystalline mixture of the mineral hornblende with

felspar, often laminated or rudely stratified. These rocks may bo

merely altered mud-rocks or shales, but in many cases they may have

been originally volcanic tufas or ash-rocks. (G.) Compact Felspar

and Felsimr porphyry, containing small isolated felspar crystals in a

paste of more compact material of .similar comi)ositioii. Many rocks

of this character appear to be stratified, and are probably metamorphosed

clays. (7.) Crystalline Limestone or Marble, usually white and some-

times with crystals of treinolite and patches of serpentine. Owing
to the small amount of calcareous matter in the original sediments, this

kind of rock is not largely developed ui the Upper Silurian districts.

All of the above are stratified and metamorphie. With these are

other rocks in masses or veins cither intrusive, and of the nature of vol-

canic rocks, or "indigenous" products of the fusion of sedimentary

rocks in situ. These igneous rock.s, as they may be called, though

probably of similar origin with the trap of the Triassic and Carbon-

iferous systems, differ somewhat in composition and appearance. They

arc mostly coarser grained or more crystalline, indicating that they

are less superficial, and hence have cooled more slowly, liornblende

usually replaces the Augite of the trap. Felspar, which is the pure

white or flesh-coloured part of ordinary granite, exists in greater

abundance than in trap. Quartz or imcombined silica is also often

present in considerable quantity. Rocks of this class are very variable

in their composition and appearance, hence it is difiicult to give them

accurately distinctive names, and geologists entertain different opinions

as to the amount of internal heat, or igneous action proper, involved

i i
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in their production, and also as to the question whether they are

derived from deep-seated sources under the stratified rocks, or have

been produced from the fusion or semi-fusion, with aid of heated water,

of portions of the sediments themselves. That in some cases they are

at least partially of the latter character is, I think, evident from the

manner in which they appear to replace stratified rocks in their line

of strike, or to occur in bedded masses among them, and also from

their apparent relation in mineral character to the associated igneous

rocks. On the other hand, in their frequent intrusion into the fissures

of the aqueous rocks, they are certainly in many cases to be regarded

as eruptive rocks of unknown and deep-seated origin. Dr Hunt has

very fully considered these points in reference to similar rocks in the

Reports of the Geological Survey of Canada. In the district now
under consideration, the following terms may serve for the designation

of the more important rocks of this class :

—

Unstratijied Diortte or Hornblendic Greenstone consists of hora-

blende and felspar, sometimes in large distinct crystals of black or

green hornblende and white felspar, and in every gradation of crystal-

line texture between this and a gray or greenish rock in which the

separate crystals are scarcely distinguishable. When there are large

distinct felspar crystals imbedded in the mass, it is named Porphyritic

greenstone.

Unstratijied Compact Felspar or Felsite is a rock consisting of the

materials of felspar with some quartz, but not distinctly crystalline.

It is sometimes fine-grained and flinty in aspect, and in other cases

dull and rough in its fracture, approaching to the rocks called Trachyte

and Claystone. Its colours are usually dull-gray, reddish-brown, and

greenish. It often contains scattered distinct crystals of lighter

coloured felspar, and is then Felspar Porphyry.

Granite, composed of distinct crystals of quartz, felspar, and mica.

Granite is less abundant in this district than in the Lower Silurian

area, next to be noticed, and the varieties which occur are often less

perfectly crystalline, or have a less resisting felspar, causing them to

decompose readily.

Syenite consists of distinct crystals of reddish, gray, or white felspar,

with a smaller quantity of dark-coloured hornblende and some quartz

—the whole forming a material somewhat similar to granite, witli

which it is often confounded. We may associate with this rock, or

with greenstone and compact felspar, a number of nameless rocks in

which crystalliiid felspar forms the chief ingredient, with or without

quartz and hornblende.
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CHAPTER XXIV.

THE LOWER SILURIAN PERIOD.

LOWER SILURIAN OF NOVA SCOTIA—GOLD—LOWER SILURIAN OF NEW
BRUNSWICK " ACADIAN GROUP"—USEFUL MINERALS PRIMORDIAL

FOSSILS.

To this geological age I have referred, principally on evidence of

an inferential character, the extensive belt of mctainorphic sediments

extending along the coast of Nova Scotia from Cape Canseau to Cape

Sable. On similar grounds certain extensive areas of metamorphic

rocks in New Brunswick have been regarded as belonging to this

period ; and very recently the discovery of a rich primordial fauna in

some of these beds near St John has confirmed this view in regard

to a portion of these areas; while in Northern New Brunswick

the resemblance of the beds to those of the "Quebec group," and

their relation to the Upper Silurian beds, tend to give similar con-

firmation.

In describing these districts, we shall first sketch the character and

distribution of the Atlantic coast series of Nova Scotia, with the

important discoveries of gold which have given to it so great economic

importance, and shall then proceed to notice the rocks of similar age

in New Brunswick, with the very remarkable fossils—the oldest known

in Acadia—which have recently been discovered in them.

1. Lower Silurian of the Atlantic Coast of Nova Scotia.

This series extends continuously, with prevailing east and west

strike, from Cape Canseau to the middle of the peninsula at Halifax

Harbour ; thence it continues Avith prevailing north-east and south-

west strike to the western extremity of the province. la most

abundant rocks are coarse clay slate and quartzite in thick beds. In

some districts the slates are represented by mica schist and gneiss, and

interrupted by considerable masses and transverse bands of intrusive

granite. It has afforded no fossils; but it appears to be the continuation

of the older slate series of Mr Jukes in Newfoundland, which has
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,h reference to

colour. In the coast metamorphic rlistriot of Nova Scotia, it appears

in many and beautiful varieties. Talcosc, chloritic, and hornblendic

slates are comparatively rare in this district.

4. Quartz rock, or Quartzite, consisting of grains of flinty sand

fused together, and with occasionally a little mica, occurs in this series

in very massive beds,

5. Clai/ slate, or argillaceous slate, abounds, and is usually in this

district of gray and black colours, and varying very much in texture

and hardness. It often presents indications of the original bedding

in different planes from those of the lamination, the latter being an

effect of causes acting at a ame posterior to the original deposition,

and, as already stated, pressure was probably the most efficient of

these causes.

Between these rocks there are many intermediate forms. Granite

often passes by imperceptible gradations into gneiss—this into mica

slate— this into quartzite—and this into coarse or flinty clay slates.

There appears every reason to believe that all these rocks, except the

granite, are merely variously metamorphosed forms of common sand-

stones and clays.

The Lower Silurian rocks fonn a continuous belt along the Atlantic

coast of the province, narrow at its north-eastern extremity, and at-

taining its greatest development in the western counties. Its southern

or coast side has a general direction of S. 68° W. ; its inland side,

though presenting some broad undulations, has a general direction of

about S. 80° W. Its extreme breadth at Cape Canseau, its north-

eastern extremity, where it is bounded on one side by the ocean, and

on the other by Chedabucto Bay, is only about eight miles. In its

extension westward, it gradually increases in width, imtil at the head

of the west branch of the St Mary's River, eighty miles distant from

Cape Canseau, it is about thirty miles in breadth. In the western

counties it again increases in width, and though its northern boundary

is not well ascertained, its breadth can scarcely be less than fifty miles.

Its total length is 250 miles.

The general character of the geology of this district may be very

shortly stated. It consists of thick bands of slate and quartzite, having

a general N.E. and S.W. strike, and highly inclined. In several places

large masses of granite project through these rocks, and in their vicinity

the quartz rock and clay slate are usually replaced by gneiss and mica

slate, or other rocks more highly metamorphosed than usual. Bearing

in mind this general character, we may proceed along this district from

west to east, noting the more interesting points of its structure as they

occur.

-I
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ictipies a great

breadth, and produces a very stony and barren country, encumbered

with large bouldei .->. This rocky surface, at the distance of about ten

miles from the coast, gives place to a fine undulating wooded country,

capporting populous agricultural districts, and traversed by the Liver-

pool and Port Alcdway, two of the largest rivers in the province, with

numerous tuiu large lakes at their sources. The source of the Liver-

pool River is in the high lands near Annapolis, not more than ten

miles from the shores of Annapolis Basin ; and the distance in a direct

line from its source to its outlet is more than fifty miles. Lake Ros-

ignol, one of the many fine lakes that stud its course, is twelve miles

in length, and five in its greatest breadth.

Tiic prevailing rock in this northern district of Queen's County is

clay slate, having a general south-west strike, and almost everywhere

polished and marked with diluvial striae. This inland slate district

appears to be continuous with that of Luncnburgh on the cast, and

that of Yarmouth on the west ; so that in this part of the province

the granitic rocks appear to be confined to the vicinity of the Atlantic

coast, and to the inland hills near the Annapolis Valley, while a fine

undulating slate country, diversified with numerous lakes, occupies

the interior. In such a situation, more modern rocks than those of

the Atlantic coast may be expected to occur. I searched in vain,

however, for fossils in the northern district of Queen's, but obtained

from a gentleman resident there a fragment of hard quartzose rock,

which he believed to have been found in situ^ and which contains some

fragments of fossil shells, not certainly determinable, but apparently

resembling Upper rather than Lower Silurian forms.*

On the eastern side of Queen's County, the quartzite and mica slate

are associated with granite, and beyond this they give place to clay

slate, which occupies the county of Lunenburgh as far as Cape Aspa-

togoen, and inland as far as I have any acquaintance with its structure.

The country here has much of the aspect as well as the agricultural

value of that of Northern Queen's, and presents in these respects a

favourable contrast to most other parts of the Atlantic coast. The

slates of this county are usually blue or black, and often charged with

iron pyrites, which, when weathered, gives them an intense nisty

yellow colour. This appearance is especially prevalent in some places

in the western part of the county. Their strike is S.W. and N.E.

It is on the margin of this slate district of Lunenburgh, and at the

bottom of a deep bay penetrating into it, that the limited tract of

Lower Carboniferous rocks, already noticed as occurring at Chester

Basin, appears. These Carboniferous beds dip at a moderate angle

• Poole, Report on Gold-fields, 1862, mentions similar foseils, and gives many
additional facts as to geological structure.
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more nearly to K, and \V. (liiin at tlio plnpow provinnsly (Inscribed.

At many localities, however, it retains its usual S.W. and N. K.

direction. Thus, at the tower at Point Pleasant, the strike of tlio

bedding is N. 30° E., and that of the slaty structure \. 75" K. On
the shore near the same place, the strike is N. GO" 10., and the dip is

to the north-west. Nearer the city, the dip of the true bcthling is in

some places to the sonth, the strike being nearly E. and W. The

cleavage is, however, hero much better (harmed than the bedding,

which is indicated principally by lines of different colour, and appears

to undulate very much. On the road from Halifax to Windsor, at

Dartmouth, and at Musquodoboit River and Harbour, the strike both

of the bedding and slaty cleavage approach to E. and W. magnetic.

On the Musquodoboit llivcr, granite reappears, and extends to the

eastward as far as the Great Ship Harboiu- Lake. JJcyond this place,

as far as the extreme eastern end of the district, quartzite and mica-

slate, with masses and bands of granite and gneiss, prevail ; but I

have scarcely any knowledge of their distribution, except in the

vicinity of the St Mary's River, and in the peninsula of Cape Canscau.

The valley of the lower St Mary's River is a rugged and rocky

gorge, excavated at right angles to the structure of the country, and

affording an outlet for the waters of several streams that, seeking a

passage across the hilly barrier of the metamorphic district, form a

small lake at the entrance of this common channel. At the mouth of

the river, a considerable breadth is occupied by micaceous slates, with

bands of quartzite. The strike of the.se rocks is N.IO. and S.W., and

in the places where I observed their dip, it is to the S.E. at high

angles. Behind the village of Sherbrooke, and two miles eastward

of the river, a mass of granite projects through these rocks, but does

not occur in the river section. This granite is well seen in the lakes

emptying into Indian Harbour. On the river itself, the slates and

quartz rock continue with considerable regularity of strike ; the latter

becoming quite predominant, and rising into considerable eminences

as it approaches the " Forks," where it suddenly descends into the

Carboniferous valley of the St Mary's.

Eastward of the St Mary's River, this district gradually narrows

toward its extremity at Cape Canseau, but still presents on its northern

margin a range of abrupt eminences, and on the south a low, rugged,

and indented coast. Indeed, the steep rounded swell with which its

northern side descends at the head of Chedabucto Bay, and the pre-

cipitous headlands beyond Crow Harbour, are the finest appearances

in point of scenery which it presents in its whole extent.

A large part of the peninsula terminating at Cape Canseau, is

3f
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occupied by white fine-grained gneiss, witli veins an«l masses nf

granite, sonictimoH of a reddish colour. There is also much mica

slate, and dark-coloured clay slate, fdlcd with crystals of the singular

mineral chiastolito or cross-stone. Near the extremity of Cape

Canseau Bi)ecimens of this mineral occur, of a reddish or fawn coUiur,

three or four lines wide, and exhibiting the characteristic black cross

in considerable perfection. I have not found this mineral in any

other part of Nova Scotia.

Having thus shortly surveyed this largo though little explored

district, 1 may notice the probable arrangouKint of its beds, and the

causes of their present condition, the waste it has undergone, and the

materials it has contributed to newer formations, its useful minerals,

and the peculiarities of its surface and soils.

The beds of the Lower Silurian district present a considerable uni-

formity of strike, in the direction already mentioned, along the whole

coast ; a fact which, in addition to the statements above made, is

curiously indicated by a table of compass dips and str'r^j of the

rocks on this coast now before me, and for which 1 am indebted to

II. Poole, Esq. In this table, out of cighty-th . observations at

various places between Halifax and Yarmouth, the strike is between

W. and S. in seventy-three instances, and in a great many of these

not far from S. 45° W. The dips are, however, very variable, and

it is, in many cases, not easy to distinguish them from the slaty

structure, which often gives planes much more distinct than those of

the bedding. On carefully examining a section, such as, for example,

that already referred to at Halifax Harbour and its vicinity, it will be

found that the beds undulate in syHclinal and anticlinal curves, often

of no great magnitude, so that they are frequently repeated within a

few miles. This structure has been worked out in some detail by

Mr Campbell* in the country between Halifivx and Windsor. In

other sections, however, as, for example, in that of the St Mary's

River, there appears to be an enormous thickness of beds with a

uniform dip. Reasoning on these facts, we arrive at t)ie conclusion

that the alternations of quartz rock and clay slate constitute one

very thick formation having probably a predominance of quartzite

below and of slate above; but whether the mica schist and gneiss

which occur on the peninsula of Cape Canseau, and also in Queen's

County and Shelburne, and the chloritic beds of Yarmouth, are to be

regarded as continuations of this series, differently changed by meta-

morphism, or as portions of other members of the Lower Silurian or

of still older deposits, remains uncertain. To settle this question,

* Report on Gold Mines of Nova Scotia. Journals of Assembly.
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stf''r"j of the

detailed lines of section slumld bo run across the district at scvoral

places, and sonic uf the nioro tlecided outcrops of quartz rock should

bo carefully traced.

It id interesting to note the points of difference between these rocks

and the more highly altered portions of the Upper Silurian series, as

described in a previous chapter, (juartz rock occurs in both ; but

it exists in greater abundance and in more massive beds in that last

described. Clay-slate also occurs in both, but in the first described

it presents much greater variety of colour and texture ; it is associated

with many coarse beds, which have been usually named graywacke,

and graywacke slatf^s, and in many places it approaches to the char-

acter of a steatitic shiu . Those inland slates are also highly metal-

liferous, abounding in vc s of iron ore, and containing at least one

great conforuuible bed < f iliat mineral, while copper ores also appear

in n variety of plarj . TIk/ also r(j»;tain numerous calcareous bands

and layers of 'imestone. In .ill these respects the slates of the

Atlantic metamorpliic li- ;-ict are stiikingly diffcicnt. They are

thicic-bedded and unit'uni in their appearance, destitute of calcareous

matter, and with few metallic minerals, except disseminated crystals

of iron pyrites, and the veins of auriferous quartz, which are nearly if

not altogether peculiar to this formation a? "OMpnrcd with the other.

They also pass into micaceous slate, which is rare!) seen in the other

district. These and other differences of detail must prevent any

observer acquainted with both districts from supposing tiicir rocks to

be geologically equivalent.

The meiamorphism of these rocks must have occurred prior to

the Carboniferous period, and there can be no doubt that the graiiitic

rocks have been the agents in afflicting it, if they are not themselves

portions of the stratified beds completely molten and forced by

pressure against and into the fissures of the neighbouring unmclted

rocks. It will be observed that many of these granitic masses

have a north and south direction, whereas the general strike of

the beds is N.E. and S.W. This would indicate either that the

lines of greatest igneous intensity and intrusion of molten matter

had no direct connexion with the elevating and disturbing forces,

or that these granitic masses are merely outliers from a great N. E.

and S.W. granitic axis, at one time the summit of a line of hills

of which only the margin remains visible, the axis itself having

sunk agoin into the bowels of the earth, before the commencement

of the Carboniferous period.

The general direction of the strike of this district coincides with

that of the Lower Silurian bands of New Brunswick and of the Lower

jjTi
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St Lawrence, and the movemeuts of its beds may have begun in con-

nexion with the disturbances which Logan and others have shown to

have occurred at the close of the Lower Silurian period; but the

intrusive granite appears to be continuous with that of Devonian age

described in a previous chapter.

Whatever view may be taken of the age of the granitic rocks

of this group, it is certain that they are strictly hypogene rocks,

that is, that they belong to the deep-seated foci of subterranean heat,

and are not superficial products of volcanic action. They are sub-

stances such as we might expect to find, could we penetrate miles

below the surface, beneath modern volcanoes. They were therefore

probably at one time buried deeply, and have been brought up by

movements of dislocation, and by the removal of their superficial

portions by aqueous agents. They have without doubt furnished

much of the material tiiat has been employed in building up the

more recent formations of the country.

This leads to the question. Can we discover in the subsequent

rock formations evidences of such an origin, and can the changes

which these derived materials have undergone be satisfactorily ex-

plained ? This subject, the genealogy of rocks as it may be termed,

is of some interest, and I may glance at it in its bearing on the

geology of Nova Scotia.

The granite of Nova Scotia and its associated gneiss and mica-

slates are among the oldest rocks found in the province, and we

may therefore take them and their derived rocks for illustrations.

The products of the decomposition of granite are quartz sand, scales

of mica, and fine clay which results from the decomposition of felspar.

Such materials, when washed down and deposited in water, will

form coarse and fine sandstones, micaceous sandstones and flags,

arenaceous and argillaceous shales ; and these may, by heat and

pressure, be converted into quartzite, mica slate, and clay slate.

From pure white granite the derived detritus would be colourless

or nearly so. But the mica and felspar of many granites contain

iron, and the sulphuret of iron is also present in some granites. In

these cases the derived sediment will have a yellow or buff colour,

from the presence of the yellow oxide of iron; or in some cases

the clay may have a red colour, from the peroxide of iron present

in red felspar. Of course, when the granites contain hornblende

or are syenitic, much more iron may be present in the derived

sediment. In nature nearly all soils of granitic origin are more

or less coloured in these ways. In this manner, buflf, brown, and

red clays, and buff and brown sandstones may be produced.



neiss and mica-

ATLANTIC COAST OP NOVA SCOTIA. 623

Igneous action may produce still farther changes. The yellow

sand which results from the decay of granite is merely stained on

the surface by the ferruginous colouring matter, and a very slight

degree of heat is sufficient, by expelling the water of the iron rust,

to convert this yellow stain into a bright red. This change is super-

ficially produced by forest fires, and might readily occur when
decomposing granitic rocks have been subjected to the influence of

intensely heated or molten masses, with access of air or water. Red
sands and clays produced in this way, and washed into the sea,

become red sandstones and shales. Such red deposits are, however,

liable to still farther change. If long washed about in the sea, the

red coat is worn from the sands and added to the fiue clays, so that

whitish sandstones may alternate with red shales. If vegetable or

animal matter is present, the changes of colour referred to in treating

of the marsh mud may take place, and dark-coloured or gray beds

may result, or greenish stripes and bands may appear in the mass of

red deposits.

Clays and sands thus deposited may be hardened into rock by
pressure, by heat, or by cementing matter introduced by the per-

colation of mineral waters.

It will thus be perceived, that from the granitic rocks it is possible

to deduce a variety of yellow, brown, and gray sandstones and shales,

quartzites, and slates. Many other rocks, however, beside granite

have been decomposed, especially to form the more modern deposits

;

hence more complicated results than those above stated have been

produced. Enough has, however, been said to show how much
derived deposits may differ in appearance from those which have

fumi.shed their materials; and also the mode in which the waste

of the older rocks has been disposed of. These facts also serve to

show the enormous waste or denudation which the older rocks

must have suffered in order to furnish the materials of the derived

formations, for example, of the Carboniferous beds. They farther

illustrate the connexion of red sandstones with periods of igneous

activity, and tj.e prevalence of gray ami dark-coloured sediments

at times when deposition has been slow and organic Uiatter

abundant.*

With respect to surface and industrial capabilities, the different

rocks occurring in this district present very various aspects. The

clay slate often has a regular undulating surface, and a considerable

depth of shingly or clay soil of fair quality, though usually deficient

* See on this subject the author's Paper on " The Colouring Matter of Red Sand-

stones," Jour, of (ieol. Soc, and page 24 tupra.
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624 THE LOWKU SILURIAN PERIOD.

in lime. These slate districts, however, often contain beds of quartz

rock which form rocky ridges, from which boulders have been

scattered abroad, and which, by damming up the surface waters,

produce lakes and bogs,—an effect also often produced by the ridged

structure of the slate itself, and the impervious subsoil which it

affords. Wherever, as for instance in Northern Queen's and Lunen-

burgh, the slate is sufficiently elevated for drainage, and not encum-

bered with surface stones, it supports fine forests and valuable

farms. Where quartz rock prevails, the soil is almost invariably

extremely stony and barren. Instances of this occur in Southern

Queen's, near Halifax, and in the hills near the St Mary's River.

The mica slate is little better, for though it does not furnish fragments

to cumber the surface, it scarcely affords any soil.

The granite and gneiss in some places appear in precipitous hills

of considerable elevation, and in others form low and uneven tracts.

Their decomposed surface affords a sandy quartzose soil, often strewn

with large rounded blocks of granite, which in some instances cover

the whole surface, so that a granitic hill appears to be merely a huge

mound of boulders. This appearance results in most cases from the

nodular character of the granite, or from its consisting of great balls

of hard resisting rock, united by a material of more perishable

character. Where the granite or gneiss is wliolly of a resisting

character, its surface is sometimes almost entirely bare, or coated

only with a layer of peaty vegetable soil. This occurs to a great

extent in the peninsula of Cape Canseau. The granitic soils in their

natural state often support fine groves of oak and other deciduous

trees ; but the bare summits, destitute of soil, are clothed only with

stunted spruces and various shrubs and mosses. Where the original

vegetation has been destroyed by fire, the granite hills often become

perfect gardens of flowering and fruit-bearing shrubs. I have col-

lected in a day in August, on a single granitic eminence, sixteen

species of edible wild fruits. The alkaline matter afforded by the

waste of the granite is especially favourable to the growth of these

plants as well as of ferns ; fields of which (chiefly the common brake,

Pteris aquilina) may be seen in the valleys among the granitic hiils

to attain the height of four feet.

Useful Minerals of the Lower Silurian of Nova Scotia.

Gold.—At the date of the publication of " Acadian Geology " in

1855, no actual discovery of gold in Nova Scotia was known to have

been made. At that time I could only indicate the possibility that

such discoveries might be made, and the most probable localities

;
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and even in this I had not the advantage which would have been

afforded by the discoveries subsequently made by Sir W. E. Logan

as to the true age of the gold-bearing rocks of the ChaudiSre district

in the province of Quebec. At that time I ventured to hint at

these probabilities in the following terms :

—

" Since the gold discoveries in California and Australia, reports

of similar discoveries have locally arisen at different times in Nova
Scotia ; but, so far as I am aware, have always proved deceptive.

Iron pyrites, or the bright golden scales which occur among the

debris of granite containing black ferruginous mica, have usually

been mistaken for the precious metal. Quartz veins, however, occur

abundantly in some parts of this district, and it would not be wonder-

ful if some of them should be found to be auriferous. It is, however,

much more probable that such discoveries may be made in the inland

metamorphic district described in last chapter than in that now under

consideration, as its rocks bear a much closer resemblance to those

of the auriferous districts in other parts of America. Most parts of

Nova Scotia have been too well explored to leave much probability

that any extensive surface deposits of the precious metal exist, but

that it does not occur in small quantities cannot with safety be asserted,

until careful trials of the sands and gravels of the streams flowing

from the metamorphic districts shall have been made. The gold deposits

of the River ChaudiSre in Lower Canada afford an instance in which,

while individual search has proved quite unprofitable, washing opera-

tions on a large scale with the aid of machinery have repaid the

labour and capital employed. Unless some accidental discovery should

indicate a promising locality, it would be unwise for individuals to

engage in such trials ; but if a public survey should be undertaken,

they would form a part of its duties." At that time, as some absurd

articles had appeared in the public prints predicting the discovery

of gold in very unlikely localities, and some excitement had been

caused thereby, I feared even to say this much.

Public attention was first attracted to the existence of gold in

Nova Scotia in 1860. Previously to that time, though Mr J,

Campbell had found indications at Laurencetown, and accidental

discoveries had been made by others, nothing practical resulted. The

circumstances and place of the first discovery are thus stated in a

Report of the Hon. Joseph Howe :

—

" In March this year, a man, stooping to drink at a brook, found

a piece of gold shining among the pebbles over which the stream

flowed. He picked it up, and searching found more. This was

about half a mile to the eastward of the debouchment of Tangier
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I had an opportunity, in 1866, of examining one of the most

extensively worked deposits in Nova Scotia, that of Waverley,

near Halifax, in company with my friend, James Thomson, Esq., of

Halifax, and shall describe it as a characteristic example of the

whole. This district is situated in the vicinity of Lake Tiiomas,

about ten miles distant from Halifax. Tiie ore is extracted from

a munber of openings along the strike of the vein, worked by horse

gins. The deepest pit was 225 feet, on the slope of the vein.

On descending this pit, I found the vein to consist of compact

grayish-white quartz, varying in thickness from four feet to six

inches, but having an ordinary width of about two feet. Its strike

is S. 50° W. magnetic, and its dip at an angle of 65° to 70° to the

north-west. The lower wall, where I sav/ it, consists of coarse

gray slate, with small cross veins of quartz. The upper wall ia

hard gray quartzite presenting a waved and crumpled surface, which

I have no doubt is an original strata plane, and shows that the vein

is strictly in the plane of the bedding (Fig. 218). The quartz

Fig. 218.

—

Bottom of a Shaft in the Warerky Chid Mine.

of the vein itself has a laminated or banded appearance, and the

gold seems to be most abundant near the walls ; though visible gold

is rare in this vein at present, the greater part being in a minutely

disseminated and invisible state. The superintendent of one of the

mines informed me that the thicker portions of the vein afforded

scarcely more gold than the thinner portions, and that the gold

is most abundant near the hanging wall. This vein is known as the

Tudor vein, and two smaller veins occur in its vicinity. One
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is ten feet to the north of the Tudor " lode " or "lead," the other

is 1100 feet to the south. Their course appears to be similar to that

of the principal lode.

The quartz from the workings of the " German Mine " at Waverlcy

is crushed in an admirable stamping mill, worked by steam, and

at present having sixteen stamps, though capable of being increased

to more than double that number. The apparatus for the subsequent

amalgamation and distillation necessary to obtain the gold appears

to be of a very complete character, though improvements are still

being made, more especially in the processes for obtaining gold from

the metallic sulphurets. There are three other mining properties

in the vicinity, and in the line of the same veins, but in these the

mining operations are less considerable. The yield of the Waverley

mines in 1865 was 13,102 ounces. The number of men employed

was 270. Five mills were in operation ; four worked by steam

and one by water. The yield of gold was rather more than an

ounce for each ton of quartz crushed, and the rate of return per man

was S895 per annum. In 1866 the yield per man was only 1^584.

This Waverley district was until lately the most important gold-pro-

ducing area in Nova Scotia.

On one of the claims on the Waverley area a remarkable undulation

of the containing beds has affected one of the gold-bearing veins in

such a way as to produce the appearance known as "barrel quartz,"

and which has been described by Professor SlUiman, Dr Honeymaii.

and others. When first uncovered, the quartz vein at this place presented

the appearance of a series of arches parallel to each other, and resem-

bling trunks of trees placed horizontally side by side. At the time

of my visit these barrels had been removed, but a more simple con-

tinuation of the structure could be seen in a shallow adit which was

being worked in the course of the vein (Fig. 219), and also in some

open excavations. The appearances showed that the barrel ari'ange-

ment had constituted the crumpled crown ofan anticlinal bend or arch

—

an explanation already given by Pi'ofessor Silliman, and on one side the

vein could be seen following the beds downward on the side of this

arch. The arrangement indicates great lateral pressure ; and, which

is of more importance, proves conclusively that the quartz veins are

contemporaneous with the folding of the rock, since they have

perfectly followed its folds without fracture. That the auriferous

quartz veins are not beds, is evident from the manner in which they

send off branches into the neighbouring rock, as well as from their

own crystalline structure and the character of the imbedded minerals.

They are undoubtedly true veins, but not veins formed by fracture of
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the containing rocks when in a hard and metamorphosed state. They
have been formed and filled in the very act of the contortion and

altering of the strata, and are thus of the nature of segregation veins,

gradually formed as the spaces containing them were opened out, by

a process so slow and gentle that the containing beds were bent

without fracture and with but little crushing. The barrel quartz is

most instructive as an illustration of this peculiar mode of formation,

which must have often occurred in the disturbance and metamorphism
of sediments ; though geologists, from the habit of looking exclusively

at fissure veins on the one liand, and beds on the other, have often

been puzzled by these apparent anomalies which occur in the case of

what may be termed contemporaneous veins following the strike of

the enclosing beds, and which, while simulating beds, find obviously

not filling mere rents or fractures opened in hard rocks, must have

been produced by forces acting long after the original deposition of

the containing strata.

Fig.219.—Section of Vein of Barrel Quartz," IVaverlcy.

(a, a) (Quartz vein, with contorted slate below and quartzite above.

The minerals associated with the gold at the Waverley Mines are

mispeckel (sulph-arsenide of iron), galena (sulphide of lead), blende

(sulphide of zinc), and, more I'arely, iron pyrites, copper pyrites, and

calcareous spar. The visible gold appears in irregular grains and

nuggets, included in and attached to the mispeckel, galena, blende

and quartz, in such a manner as to show that it is in all cases either

of contemporaneous or later introduction, and it has probably been

segregated from the mass of the quartz when the latter was in a soft

or pasty condition, or while it was in process of deposition. This

view is confirmed by the fact, that those veins and parts of veins, which

contain many "sights" or visible portions of gold, are less rich ia
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were in their present state at the time when this old gravel of the

Lower Carboniferous period was being formed.

To sum up our conclusions on this subject :—The rocks containing

the auriferous veins of Nova Scotia are of Lower Silurian age. The
veins themselves were opened out and filled with the minerals which

they now hold at the time when these Lower Silurian rocks were

contorted and altered, and this probably occurred in the Devonian

period, contemporaneously with the production of intrusive granites,

and in connexion with the changes of metamorphism tlien pro-

ceeding. It was certainly completed before the beginning of the

Carboniferous period, since which time little change .seems to have

occurred in the veins.

The " Gold Districts " at present recognised by the Government
of Nova Scotia arc,

—

1st, The Ovens and Gold River, in Lunenburgi*

County; 2d, Renfrew and Mount Uniacke, Hants County; Srf,

Oldham, Wavcrley, Montagu, Laurencetown, and Tangier in Halifax

County ; 4th, Wine Harbour, Sherbrooke, and Stormont, in Guys-

borough County ; and, 5th, Middle River or Wagamatcook, Victoria

County. All of these, except possibly the last mentioned, and the

opening in the Lower Carboniferous conglomerate at Gay's River

already mentioned, are in Lower Silurian rocks.

Li all parts of this district, the conditions under which the precious

metal occurs in the rocks are similar to those above described ; but

at the " Ovens " in Londonderry County we have the remarkable,

and, in so far as I am aware, unique spectacle of a modern gold

alluvium now actually in process of formation under the denuding

action of the waves. The slaty rocks of this coast holding auriferous

quartz veins are daily being cut away by the waves of the Atlantic,

and the gold is accumulating in the bottom of the shingle produced,

and in the crevices of the subjacent rock. The portion of this deposit

available at present is only that on the beach ; but there can be no

doubt that if the bed of the sea were elevated into land, the alluvia

exposed would be precisely similar to those of California or Australia.

We have thus in Nova Scotia marine gold alluvia of Lower Carbon-

iferous and of modern date, and there are no doubt others of inter-

mediate ages ; but their amount, in so far as yet ascertained, does not

seem to be great, and the chief supply of gold is likely to be derived,

as at present, from the original repositories in the quartz veins.

The annual yield of gold from the Nova Scotia Mines is stated in

the Report for 1865 to be 24,867 ounces; that for 1866 is 24,162,

that for 1867, 27,583 ounces. These amounts cannot, however, be

considered as approaching to the possible productiveness of these

M:
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mines in the future. The total area of the gold region may be estimated

at about 7000 square miles, and the proclaimed districts do not yet

reach a twentieth part of this area. Discoveries are being continually

made ; but in a country covered with wood and with boulder clay

these must be slow and gradual in their progress. The quartz veins,

which run in the strike of the beds, seem everywhere to contain gold,

and the rocks throughout the whole area, are interlaced with such

veins, few of which have been exposed, and of these few have yet

been tested. It may therefore be anticipated that the productive

gold districts will for some time continue to eidarge and increase in

value, and that occasionally a strong stimulus will be given to enter-

prise by great and unexpected discoveries.

It is also to be observed that the veins at present opened arc not yet

worked up to their highest point of profit. Even in the larger mines,

like those of Waverley, no vertical shafts have been sunk on the vein,

nor have the excavations been extended beyond a very moderate

depth. The desire to make the work remunerative as it proceeds

has induced all the Companies to sink on the slope of the veins, and

to conduct the works on the cheapest possible plan. I am convinced,

however, from a consideration of the regularity and extent of tiie veins,

that were vertical shafts sunk to a great depth, and regidar mining

on the Cornish plan pursued, the preliminary outlay would be more

than repaid by the increased production. At the depths to which

excavations have been carried some of the veins have improved

;

others appear to have diminished in productiveness ; but there is no

reason, except the analogy of certain other gold regions, and this is

often a very fallacious guide, to doubt that the principal veins opened

continue productive to great depths, and that by opening them exten-

sively richer portions might be found to compensate for the poor

ground sometimes reached in the present workings. It would, I think,

repay the provincial Government to give special privileges to Com-

panies which would expend sufficient capital to open mines on a large

scale.

In 1855, I supposed that the probabilities of the occurrence of gold

in the inland hills of Upper Silurian age were even greater than those

in the older rocks of the coast. This view was based on the then

received age of the Canadian auriferous deposits, and on the apparently

more metalliferous character of the inland rocks. Experience,

however, has hitherto been in favour of the coast series. Gold has,

it is true, been found in the inland district, and possibly in the Upper

Silurian series. The Middle River district in Cape Breton may

be of this age. Gold has been found in the vicinity of Cape Porcupine,

,!..
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and ill a recent paper by Mr P. S. Hamilton, I find the statement

that it has been found near the head waters of the Alusquodoboit

and Stewiacke Kivors, and also near Five Islands. The same

authority also states that gold has been found in quartz occur-

ring in the Triassic Trap of Partridge Island and Cape D'Or.

In this last ease the metal has possibly been brought up by means

of the Trap from its original repositories in the Silurian rocks

below. These facts indicate that though the coast series is at

present much more productive, important discoveries may yet be

made in those rocks of Upper Silurian age which constitute the

inland metamorphic hills extending from Annapolis County to the

North of Capo Urcton, and also constituting the Cobeciuid range.

On the view of the origin of the veins given above, there is no reason

why the Upper Silurian scries should not be auriferous as well as

the Lower; and it is known that gold occurs in both scries in the

gold district of the province of Quebec, and perhaps more abundantly

in the Lower Silurian.

The large areas of altered Lower and Upper Silurian rocks, indi-

cated in the map as occurring in New Brunswick, are also likely to

afford gold, more especially as a portion of this area in Northern New
Brunswick may be regarded as a continuation of the gold district of

Lower Canada. Nor are the metamorphic rocks of the southern part

of New Brunswick unlikely to afford the precious metal, more

especially those of Lower Silurian age ; and recent discoveries in

Canada show that this probability may extend even to the still older

Laurentian series.

It has been remarked, that it is wonderful that in a district so

thickly settled, and so much subjected to the operations of the surveyor,

road-maker, and agriculturist, as the south coast of Nova Scotia, so

numerous deposits of gold should so long have escaped observation.

Geologists also and mineral explorers have repeatedly visited and

passed through the district. Still, when it is considered that the

country is netted with quartz veins, and that perhaps not more than

one in a million of these is appreciably auriferous, the wonder ceases.

Ordinary observers do not notice such things. A geologist, not

specially looking for useful minerals, soon becomes wearied of break-

ing up and examining barren veins of white quartz, and certainly

cannot spend two years in " prospecting," as the discoverer of

the Wine Harbour deposit is said to have done. My own field

notes contain the record of many days of hard work among these

unpromising rocks, and countless quartz veins have suffered from my
hammer without yielding a speck of gold. I believe I have visited

lii I,'
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y ; hut this once.

wiishiiig of the sajulH iitul gravcU in the Imh of rivorH, ftiid of the

filltiviiil deposits on tlicir biuilts bo noglcrtt-d, for it may happen in

many cases tliat gold may oi'cur in these when the veins originally

containing it have had their outcrops worn away or concealed.

Exploring for gold in new looftliticH cannot be expected to be remu-

nerative, except in rare cases ; but it would lie well at least that

persons residing in the district above referred to, would embniee such

opportunities as nmy occur of examining the (juartz veins in their

vicinity. It is to bo hoped that in a short time a geolugicul survey

will place within their reach greater facilities than tlmse which now
exist, for making discoveries, and improving those already made.

The table on the next page, from the Reports of the Commissioner

of Mines for 1866 and 1867, will give more precise information

as to the present state of gold product.'in in Nova Scotia, and tho

following remarks relate to districts not mctioned in the table ;

—

111

i| t

The Ovens in Lunenburgh County yielded, in 1862, 361 oz. of gold

from surface washings. The mine at Laurcncetown yielded in 1HG2

75 oz., and that at County Harbour 40 oz., but operations have been

suspended at these places. Mount Uniacke is a now locality recently

opened, and yiehled in 1867, 947 ounces of gold, l^ocalities in

Upper Stewiacke, Musquodoboit,and Sheet IIarbour,nrc also attracting

attention.

The "Chester Mining Company" have opened shafts on .some of

their gold veins on Gold lliver, which are said to be very promising;

one sample tested having given 77 dwt. gold, and 12 oz. silver per

ton. Alluvial sand from tho banks of Gold River is said to have

afforded to Professor IIow gold at the rate of 14 dwt. 10 grains to

the ton. This last fact is of some interest as indicating tho possible

occurrence of auriferous alluvia which seem to be rate in Nova Scotia

;

but perhaps might reward more careful search, more especially in the

lower part of the boulder clay, and in the bottom of the beds of more

recent alluvial sand and gravel. Even poor deposits of this kind

might be made to pay by the methods of hydraulic washing on a

largo scale now in use in California.

—

The mining of gold for the present eclipses all the other resources

of this district of Nova Scotia. It is not known to contain any other

metallic minerals of value. Its granite, however, affords an excellent

building stone, now used to some extent, more especially in Halifax.

Some of the bands of slate have been opened for roofing slates, but

I believe not as yet on a large scale ; and clays of excellent quality

for bricks and coarse pottery occur at Chezzetcook and other places

on the Atlantic coast^ and arc manufactured to some extent.

Ml
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Brought forward 2300

5. Mack carbonaceous shales, resembling 3 b, but finer and
softer 450

6. a. Shales and flags like 2 a and 6; Linguln, a Conchifer,

Coprolites, Worm-burrows, and Crustacean markings 700 (?)"|

b. Gray and ferruginous sandstones and beds of coarse WlOO (?)

shalo : Lingula 400 )

7. Black carbonaceous shales, finely laminated . . . 650

4500 "

Westward of the St John River, the rocks of this series extend

tlirough Carlton, but soon diminish in thickness and disappear. To

the eastward they are prolonged in a band skirting the older (sup-

posed Iluronian rocks) to Loch Lomond, where they disappear along

the line of outcrop proceeding from St John, but reappear on the other

side of a lynclinal, and extend with opposite dips nine miles farther

to the eastward. Their whole extension in this district is about thirty

miles, with a breadth of about four miles. Farther details will be

found in Professor Bailey's Report.

Though thus limited in their distribution, these beds are in the

highest degree importani in a geological point of view, as their fossils

establish for the first time on the American Continent a series of

fossiliferou 5 beds older than the Potsdam sandstone, hitherto sup-

posed by American geologists to be our oldest Palicozoic group ; and

corresponding with the older Lingula flags of Wales, and with Bar-

rande's " Etage C." in Bohemia. These fossils also contribute to

affix the same age to the Paradoxides slates of Newfoundland, and

of Braintree, Massachussets. In other words, they add a new forma-

tion to the Palaeozoic period in America. This formation has as yet

been known as the St John group ; but I think this name unsuitable,

both on account of the number of places known as St John, and on

account of tlie variety of formations occurring near St John in New
Brunswick, and would therefore propose for the group now under

consideration, characterized by Paradoxides^ Conocepkalites, etc.,

and the oldest known member of the Palasozoic of America, the name
Acadian Guour, by which I hope it Avill be known to geologists

in wliatever part of America it may be recognised.

In the northern part of New Brunswick a broad belt of metamor-

phic rocks with granite bands extends from the south shore of the

Bay de Chaleur westward of Bathurst in a south-west direction

to the sea-coast of Maine. Tliese rocks were denominated " Cambrian "

by Dr Gesncr and Dr Robb, but by more recent observers are regarded

as Lower Silurian, principally on the ground of difference in mineral

character from the Huronian rocks and similarity to those of the

ml ji
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Lower Silurian as developed at St John and in Nova Scotia. The

following remarks on their age are from a paper by Mr Matthew,

already quoted :

—

" A provincial collection in the University Museum of the rocks

in this quarter closely resembles those of the Lower Siluriiin slates

of St John, and differs essentially from the Upper Silurian and

Devonian deposits which have been recognised in this region.

" In the alternations of arenaceous and dark-coloured clay slate

with intercalated quartzite, this formation, which is also auriferous,

resembles the gold-bearing series of the Atlantic coast of Nova Scotia,

long ago recognised as Lower Silurian by Dr Dawson. If both

prove to be on the same horizon geologically as the St John series,

namely, the lower part of the Lower Silurian, our knowledge of the

age and relations of the older mctamorphic rocks of Acadia will be

placed on a firmer basis than heretofore.

" So far as our knowledge goes, they differ from contemporaneous

deposits to the westward in being conformable to the Huronian

series ; and also in the rarity of calcareous and magncsian sediments,

there seeming to be little else than shales of various degrees of fine-

ness, flagstones, and quartzites."

Professor Hind, in Ijis Preliminary Report, regards these rocks as

equivalent to the Quebec group, which is now recognised by the

Canadian Survey as between the Calciferous and Chazy ; but whether

this is their real age, or that somewhat lower horizon which is marked

by the fossils of the St John group, we have at present no certain

means of determining. The rocks above referred to constitute two

broad bands flanking a ridge or series of interrupted parallel ridges

of granite, believed to be of Devonian age. In the maps of the

Province these belts have usually been marked as uniform and regular,

with an aggregate width of 35 to 50 miles, but Professor Bailey

infon. ,s me that many facts known to him render it probable that

their limits are more irregular and not well ascertained. I have

marked them in the map as nearly as possible in accordance with

the views of Professor Bailey and Professor Hind.

A shorter belt of mica schist and other mctamorphic rocks associ-

ated with granite, which runs parallel to the south-eastern side of

the New Brunswick Coal-field, and near the St John River, comes

into contact with the su})posed Upper Silurian belt of Kars and

Ilavelock, is believed by Professor Bailey, on the evidence of mineral

character, to be probably of Lower Silurian age. This belt, extending

to the south-west, unites with the others above mentioned in the

south-western corner of the province, the greater part of which is

If
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believed to be occupied with altered Lower Silurian rocks; but

the precise distribution of these, and the limits between them and

the older and newer rocks in their vicinity, are very imperfectly

known.

Useful Minerals of the Lower Silurian of New Brunswick.

Gold.—The probability that these rocks in New Brunswick may
be geologically equivalent to the auriferous rocks of N Scotia

and of the province of Quebec, would of itself excite hope that

the precious metal might occur in them. In addition to this, drift

gold has, according to Professor Bailey, been found on the head

waters of the Tobique and Miramichi, and at the Grand Falls of

the St John, and it has also been found in situ by the officers of

the Geological Survey of Maine at St Stephens. At this place

it occurs in quartz veins in micaceous schist. Professor Hind also

states that gold has been found in a " black plumbaginous slate
"

at St Stephen. These indications are sufficient to warrant the hope

that important discoveries would reward a careful exploration of

this district.

Antimony.—This metal was discovered to exist in the parish of

Prince William, York County, about twenty-five miles from Freder-

ickton in 1863, and subsequent exploration has led to the belief of

the existence of very important deposits. The ore is a pure sulphuret,

capable of yielding about 70 per cent, of metallic antimony, and is

contained in numerous large and Avell-defined veins of quartz, filling

lines of dislocation in highly tilted argillaceous slates and quartzites.

" These veins are true veins of segregation, showing a distinctly

banded character, jind an alternation of materials, the antimony ore

itself frequently forming distinct layers, though often penetrating irregu-

larly tlic surrounding rocks. Excavations have been made by different

Companies at several points, two of them distant more than three-

fourths of a mile from each other, and have in each case proved

productive. No very persi.stent or vigorous operations have, however,

as yet been carried on. 533 cwt. of ore was exported in 1864."*

Small quantities of silver occur in the antimony ores of this

place.

Lead.—Indications of galena or sulphuret of lead are reported

as having been found on the Tobique and elsewhere ; but, as yet,

nothing remunerative.

Copper.—In Professor Hind's Report, a number of localities of

copper ores are mentioned ; but as in all of them the metal appears

* Professor liailey, MS.
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to be, so far as at present known, in very small quantity, I merely

refer to his Report.

Iron.—The most important deposit at present worked in this

district is that at Woodstock. At this place the ores, according to

Professor Hind, arc in " sedimentary deposits many feet in thickness,

interstratified witli red and green argillites or with calcareo-magnesian

slates of a red and gi'een, or mottled red and green colour. The ores

vary in composition, being both red and black. The black is some-

times feebly magnetic, but it derives its colour more from the presence

of manganese than from the black magnetic oxide."

One or more furnaces are in constant operation at Woodstock,

and others are in process of erection. The iron is of a superior quality.

The ore yields 32 per cent. The quantity produced in 1804 was

2750 tons.

Manganese occurs in the Tattagouche River, and has been worked

to a small extent.

Nickel, in the form of green silicate, is found in small quantities

associated with the antimony ore of Prince William.

ZinCy in the state of blende or sulphuret of zinc, also occurs in

small quantity in Prince William.*

Fossils of the Primordial or Acadian Group at St John.

These are the oldest organic remains which I can present to the

reader from the rocks of New Brunswick or Nova Scotia, and they

represent the oldest forms of life known to geologists, with the excep-

tion of the far more ancient Eozoon Canadense, and the few other

organisms found with it in the Laurentian rocks of Canada. These

fossils were originally discovered at Coldbrook by Mr Matthew, and

they were subsequently collected by Professor Bailey, Mr Matthew,

and Mr Hartt, at Ratcliffe's Millstream and also near the city of St

John. The first publication in reference to them was the following

notice by Mr Ilartt in Professor Bailey's " Observations on the Geo-

logy of New Brunswick," 1865.

" My examination of the fossils collected last August, from the St

John group, at Ratchffe's Millstream, by Professor Bailey, Mr George

Matthew, and myself, and of a collection made from the same group

at Coldbrook, in 1863, by Messrs George and C. R. Matthew, is not

yet sufficiently complete to enable me to give an extended description

of them here. I shall therefore limit myself at present to a notice

* For the information under the above beading, I am indebted to Professor Hind's

Report and the MS. notes communicated by Professor Bailey.
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of the genera, and of the aid they afford in the determination of the

geohjgical position of the St John group, leaving the descriptions and

figures of the species to be given in a future paper.

"The fossils as yet known to occur in the rocks of the St John group,

are principally Trilobites, which are represented by quite a largo

number of species, and Brachiopoda, which last are of more rare occur-

i-ence. All these fossils are preserved as casts or impressions, the

tests of the Crustacea and the shells of the IJrachiopoda being usually

transformed into oxide of iron.

"All the specimens have suffered more or less from distortion through

pressure and the metamorphosis to which the rocks enclosing them

have been subjected. The Trilobites occur also as detached fragments,

so that their accurate determination is not easy, and more material is

required in order satisfactorily to figure and describe all the species.

" Representatives of four genera of Trilobites have been obtained thus

far from the St John rocks, viz. :

—

Paradoxides, Conocephalitcs

Agnostus, and a new genus (?) allied to Conocephalites.

" The number of species in each genus has not yet been satisfactorily

made out ; but of Paradoxides there are at least five, of Conocephalites

seven, and of Agnostus and the new genus each one.

" All the species appear to be new. One of the Paradoxides bears

a close resemblance to P. rugulosus, Corda, from the Etage C. of

Barrande, in Bohemia, and one of the Conocephalites is allied to C.

coronafus, Barrande, from the .same fauna and horizon, though neither

is identical with the European species.

" There are six species of Brachiopoda, belonging to the genera

Orlhis, Discina, Obolclla, and LinguJa. I have not been able to

identify any of the forms with described species.

" Though all the species from the St John group are apparently new,

yet the occurrence of Paradoxides and Conocephalites, genera confined

entirely to the so-called Primordial fauna of Barrande, and every-

where characteristic of it, together with the strong likeness borne by

the St John species, in their facies, to those of the same genera of tlie

fauiife of the " Primordial" in Europe and America, enable us unhesi-

tatingly to assign to the St John group, or at least to that lower part

of it which has afforded Trilobites, a geological position equivalent to

Barrande's Etage C. or to the Lower Potsdam of America.

" Barrande uses the word fauna, in his term primordial fauna,

in a sense equivalent to epocli or horizon. A fauna is strictly a

collection of animals confined within a limited geographical area.

The terms " primordial fauna," " second fauna," are used with

propriety when applied to the groups of fossils characterizing the

! I
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Etages C. and D, in Bohemia ; but these terms, unless limited, should

not be extended to equivalent groups of the same age, but forming

distinct faunie, in other parts of the world, for such a double emploi is

incompatible with that precision which should mark the use of scientific

terms. Primordial zone is objectionable. If the term Primordial is

used, and it is very appropriate, it would be much better to say

Primordial period,—period, as used by Agassiz, being equivalent to

IJarrande's etage.

" The lower part of the St John group, at Coldbrook, has been

divided by Mr Matthew, on lithological grounds, into three bands,

viz. ;

—

" No. 1. The lower or arenaceous band, with no determinable fossils,

and constituting passage beds from the Coldbrook group.

" No. 2. Argillaceous sliales, rich in fossils, Paradoxides, Orthis,

Conoccphalites, Obolella.

"No. 3. Carbonaceous shales, full of fossils, Paradoxides, Conocepha-

lites, Orthis, Discina, etc., jvll much distorted.

" I have not observed No. 2, at llatclifte's Millstream. No. 3, at

Coldbrook, corresponds exactly, in its fossil remains, to the bed at

(he Millstream, from which the Trilobites, etc., were obtained.

Nearly, if not all the fossils I have seen from No. 2, at Coldbrook, are

entirely distinct from those of No. 3 of the same locality and the Mill-

stream ; but more material is required to establish the claim of these

two beds to be considered as being characterized by distinct succes-

sive faunae. At all events, all the species from both beds are different

from those elsewhere occurring, and for at least bed No. 3, we have

in the vicinity of St John a distinct fauna of the Primordial period."

Other engagements have prevented Mr llaitt from fulfilling his

intention of publishing detailed descriptions of the species. In com-

pliance, however, with my desire to jjlace these interesting forms

before geologists in this work, he has kindly communicated to me
his MS. notes ; and I have extracted from these the following

descriptions of several of the more common species, with notices of

the others ;
*—

Eocystites primaevus, Billings, Coll. Hartt (Pig. 220).

The little plate with radiating sculpture, represented

somewhat enlarged in the figure, is regarded by Mr
Billings, to whom the specimens have been submitted,

as indicating a new genus of Cystideans. Eocystites.

* Mr llartt desires me to state his obligations to Professor Agassiz for the oppor-

tunity of comparing these fossils with specimens in the Museum of Comparative

Zoology, Cambridge, U.H.

Fig. 220.
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644 THE LOWEU SILURIAN PERIOD.

Fig. 221.

Lingula

MatOwioi.

Lingula Malthewi, Hartt, MS. (Fig. 221 ). Dorsal valve,

—circular in outline or very slightly wider than long,

extremely flat, the convexity being scarcely noticeable

;

shell very thin ; on each side a segment such as would

be cut off by a chord running from the umbo to the

extremity of the transverse diameter, is slightly turned up

on the margin.

Inside, a strong mesial ridge, rounded and of moderate width,

runs from the umbo to a point a little beyond the middle of the shell

;

at the umbo this ridge bears a small nail-head-like process or swelling,

and there are two minute and extremely short secondary ridges,

originating from the head of the primaiy, and extending obliquely

backwards. Inner surface marked with numerous indistinct and

irregular concentric strife ; outer surface not visible.

I have found one perfect dorsal valve in a piece of slate sent me
by Mr G. F. Matthew from Coldbrook.

Lingula^ n. s., Hartt, MS. Differs from the above in being almost

straight in front, broadly rounded at the sides and narrowed towards

and pointed at the umbo. It was also larger, thicker, and more

convex. Ratcliffe's Millstream, Hartt.

Obolella transversa, Hartt, MS. A very small, transversely oval

species, from Coldbrook, St John.

Discina Acadica, Hartt, MS. (Fig. 222). Shell elliptical in out-

line ; sides more or less straight. Conical, but very depressed. Apex
Fig. 222. apparently central. Surface marked with a number of

deep concentric irregular sharp furrows, not always con-

tinuous, and often breaking up into smaller grooves ; and

all these seem at times to be impressed with lighter lines

running nearly parallel with them. Of the large furrows,

from nine to ten can usually bo counted. The whole

surface of the shell is marked with a great number of delicate raised

lines radiating from the summit to the circumference, and just visible

to the naked eye. liather rare in the Trilobite .shale at Ratcliffe's

Mill. The shell appears to have been thin, and is probably mucli

compressed vertically. Collected by N. B. Survey and J. W. Ilartt.

Orthis BilUngsi, Hartt, MS. (Fig. 223). Shell subquadrate to semi-

circular, broader than long; greatestwidth at the hinge-line; moderately

convex
;
greatest thickness at about the middle, de-

pressed in front. Hinge-line straight. Dorsal valve

semi-circular or subquadrate, depressed, with a

shallow sinus nmning from the umbo to the front.

OrtTiis BilUngsi. Umbo not elevated above the hinge-area, which is

Discina

Acadica.

Fig. 223.



). Dorsal valve,

vidcr than long,

rccly noticeable

;

t such as would

he umbo to the

lightly turned up

moderate width,

ddle of the shell

;

ocess or swelling,

lecondary ridges,

;ending obliquely

is indistinct and

cf slate sent me

a in being almost

larrowed towards

licker, and more

transversely oval

elliptical in out-

ieprcssed. Apex

ith a number of

not always con-

er grooves

;

and

with lighter lines

the large furrows,

ted. The whole

af delicate raised

and just visible

ale at Ratcliffe's

s probably mueli

md J. W. llartt.

quadrate to semi-

-line; moderately

the middle, de-

t. Dorsal valve

ircssed, with a

ibo to the front.

;e-area, which is

m
FOSSILS OF THE ACADIAN GHOUl'. 645

very narrow, and marked by fine parallel longitudinal Btriie. Hinge-

plate bearing two slight incurved internal processes. Ventral valve

more arched than the dorsal, with a narrow Hat margin produced

in the plane of the valve. Hinge-area triangular, concave, and

marked with fine parallel lines. Umbo elevated above hinge-iine

about one-fourth of length of shell. Foramen triangular and

of moderate size. Surface ornamented by about thirty prominent

rounded radiating plica;, increasing in width towards the margin,

becoming less elevated and slightly curved toward the ears, crossed

by a number of distinctly marked, concentric, squamose lines of

growth, and numerous fine concentric striaj. The radiating plicai

increase by bifurcation, which takes place at about one-third the dis-

tance from the umbo to the margin. Rather common in the Trilobito

shales, Ratcliffe's Millstream, and St John. Collected by N. B.

Survey and J. W. Hartt. The figure does not show the fine con-

centric lines.

Orthis, n. s. There appears to be a second species in the St John slates

;

but the material at hand does not at present warrant its description.

Conocepkalites Baileyi, Hartt. MS. Head transversely semi-

elliptical, half as long as wide ; anterior margin in front more or less

straight, posterior margin quite straight
;
posterior angles of cheeks

slightly rounded and unfurnished with spines. Facial suture never

visible ; anterior margin of shield with a narrow veiy elevated border,

which is widest and most elevated in front, and grows narrower and

lower posteriorly, becoming obsolete, or nearly so, at the posterior

angle of the shield. This border is separated from the other part

of the shield by a deep, rather wide furrow, which is deepest in

front but grows shallower as the anterior border loses in height

going posteriorly. General form of shield convex, but much
depressed. Glabella more depressed than the cheek, sub-triangular,

depressed convex, broadly rounded in front, and separated from the

cheeks and front by a deep well-marked furrow ; width at base equal to

length, which last is about 7- lOths that of shield ; very much narrowed

in front. Lateral bounding furrows inclined to one another at such

an angle as would cause them to meet if produced to the middle of

the front margin of head. Occipital furrow deep and well marked,

slightly arched forward in middle, and curving downwards and forwards,

growing narrower at the extremities, and less deeply cut than the bound-

ing furrow of the Glabella. No lateral glabellar furrows, or very

slightly marked, never seen on casts. Occipital ring more elevated, and

rather wider in the centre ; bent forward at the sides ; narrow, with a

very low spine-like tubercle in the centre. Posterior furrow moderately
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deep and wide. Sides of sliield bent sliglitly downwards. Posterior

angles flattened. Cheeks snh-triangidar, bounded by the strai;;ht

donsal furrow, the straight groove whieh separates them from the

glabella, and tiic curved marginal furrow. Tbey arc more convex

or gibbous than the glabella, sloping g('ntly towards the rnarginiil

furrow, but steeply to the other bounding grooves. In the cast

they arc marked on the edge of the bomiding groove of the glabella

at the points where the straight sides of the latter begin to curve

around the front by two small, low, but well-marked ocular pro-

minences, from each of which extends a flight ocular ridge, Avith a

more or less outward curve towards the posterior angle of the shield,

but usually losing itself at about half the distance in a system of

delicate ramifications, which may often be traced to the posterioi'

angles of the cheek lobes. Like ramifications are thrown off for the

whole length of the ridge from its anterior side, and these occupy the

surface of the cheek-lobes in front of the line. The surface of the

cast sometimes appears granular, but the mould is always smooth,

and the outer surface of the shield was unfurnished with tubercular

or granular ornamentation. The posterior border on each side of

glabella is very elevated in the middle, and loses height thence

each way. Cephalic shield sometimes an inch and a half in width.

Heads only of this species have been found. They occur in

moderate abundance in the primordial shales of the St John group

at Ratcliffe's Millstream. Collectors, Professor L. W. Bailey, G. F.

Matthew, J, W. llartt, and C. Fred. Hartt.

Fig. 224.— Conoccphnlitea Matthewi, head.*

Connce^halites Mattheivl, Hartt, MS. (Fig. 224). Head, semi-

circular to semi-elliptical, more than twice as wide as long; front

and lateral margins forming a regular curve
;

posterior margin

nearly straight; posterior angles of shield flattened and rounded

without spines ; margin with a strong, round, rather narrow fold,

which becomes narrower and lower towards the posterior angle of

shield, where it disappears. This is separated from the cheek-lobes by

a very deep, moderately broad groove. This groove is arched forward

in front by a large semi-globose swelling, situated just in advance of

* Owing to the difficulty of drawing from imperfect and distorted specimens, tliis

and the following figures do not adequately represent all the characters of the species

as described by Mr Hartt. .
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the glabella, encroaching upon the marginal fold, causing it to be

tliickcHt on each side of this promincnco.

The posterior margin is also folded, but the plait is more or less

inclined backwards. The fold is narrow near the occipital ring, but

grows more prominent, and gains in width towards the p(\stcrior angle,

but, like the anterior fold, it disappears at that point. Its course is not

straight ; at about half the distance of the outer angle it bends slightly

backwards and downwards, and then forwards sliglilly, to disappear on

the fiattened or rouiuled angle of the shield. This fold is separated

from the cheek-lobes by a groove shallower and broader than the mar-

ginal one, which it resembles, by expanding grad\ially into the flat-

tened space of the outer angle. This groove follows a course parallel

to the fold which it accompanies. Length from occipital furrow about

half that of head.

Glabella sub-conical, longer than wide, strongly rounded in front,

and about half as wide anteriorly as posteriorly ; lei\gth about half that

of whole shield, strongly convex, but less elevated than the cheek-lobes,

bounded laterally and anteriorly by deep grooves, the anterior being not

so deep as the posterior. The sides of the glabella are impressed and

divided into lobes by three pairs of deep lateral glabellar furrows.

Those of the posterior pair are the longer and more deeply impressed.

These furrows begin abruptly at a point somewhat in advance of the

middle of the longer diameter of the glabella, and directed back-

wards at an angle of about 15° to the antcro-postcrior diameter of the

shield, disappear abruptly without gaining the medial line, usually

extending a little more than the third of the distixnce across the gla-

bella. Those of the median pair begin also on the bounding groove

very abruptly, only a little in advance of the posterior pair, but they

are usually not so oblique, and extend on each side not more than a

quarter of the distance across the glabella. The distance between the

outer extremity of the median and anterior furrows is somewhat less

than between those of the median and posterior, and these but slightly

impress the sides of the glabella, and occasionally are scarcely visible.

The anterior lobe is about as wide as the one which follows it.

The occipital furrow is deeply cut in the outer third of its length,

and strongly directed forwards. In the middle third it is not so deep,

and is quite strongly arched forwards. The occipital ring is narrow,

strongly convex, and vertically arched, the sides being more or less

narrowed, turned downwards and forwards, being projected obliquely

more or less across the posterior marginal cheek-groove towards the

inner posterior angle of cheek-lobe. The ring projects backwards beyond

the margin, but not beyond the posterior lateral angle of shield. The
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mlflfllc pftrt IB prodiicci! into a very short conical tuI)orclc-likn spine,

directed sliglitly hafkrtiirdfl. The cheek-iohcH are strongly {gibbous, and

very rcgnhirly artjlied, the convexity being stronger anteriorly. A nar-

row distinct W.I vyocnhir ridge l)eginson the cheel< -lobe, just opposite the

anterior pnrt of ghibelhi, and, thinning gradnally out anil arching, at

tirst Hli;:,htly forwards, curves round and is directed towards tlic outer

nnglu of chcek-lobc, but it usually vanishes before reaching that point.

Fioin its anterior outer side it throws off a very niunerous sot of fine

bifurcating raised lines or ridges. These lines arc directed outward

from the primary line at a rather acute angle, and appear to bifurcate

Bovcral timcB. This ocular ridge is thickened at its commencement,

but is not so strongly marked at that point as in C. lini/ci/i. It is

also more arched forward than in the latter species. The whole outer

surface of shield is covered by innumerable, close-.sct, raised points or

granulations just visible to the naked eye, but very distinct under

the lens, appearing in the impression of the shield as minute punctures.

These appear to be more distinct on the convex [lortions of the shield.

The raisc<l margins, cheek-lobes, glabella, occipital ring, as well as the

lobe just in advance of the glabella, bear sparsely sown, minute, short

spines, which give to the surface a distinct granular appearance.

These are always wanting in the furrows and on the cheek-lobes,

are more crowded on the outer halves of the cheek-lobes. They arc

true spines, but usually appear as granulations on the casts.

In very young specimens, a line in diameter, the shield is semi-circular,

the cheek-lobes are extremely gibbous, and very much more convex

than the glabella, and the pre-glabellar lobe is very conspicuous.

I take great pleasure in dedicating this the most abundant and

prettiest of these Trilobites to its discoverer and my intimate friend

and geological companion, Mr G. F. Matthew. Common at Rat-

cliffe's and St John's. Specimens from Coldbrook show slight differ-

ences, probably only varietal.

Conocephalites Jtubbii, Hartt, MS. Head without movable cheeks,

of moderate size, depressed convex, slightly arched in front, where the

width is considerably less than behind. Length about equal to breadth

in front.

Glabella, ovate-conical, sides straight, and dorsal furrows so inclined

as to meet if produced in middle part of anterior margin ; very convex;

more elevated in the middle
;

posterior furrows reaching about one-

third of the way across the glabella, directed strongly backwards, and

reaching nearly to the base of glabella; middle fiirrows less distinctly

marked, .short, not so oblique as first ; anterior very short, appearing

only as little pits or depressions on the sides of the glabella.

iiii'
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Occipitftl rinR imrrow, convex, widost in tlic mlddlp, nftrrnwing

towards sidi'H, wliii'h arc turnoil forward, K'V'K t" '^ a I'ri'Hcciit sliajK!.

Occipital furrow deep and well developed, widest in tiio middle, where

it nliglitly iinprcHscH tlio base of tho glabella; narrow and Hliglitly

bent forward at tlio ends. The ring bears a little short eoidcal

tubcrelelike spine in the middle, directed slightly i)aekwards.

Fixed cheeks, frontal limb one-third ti» one-fourth of wlitde length

of head, with a narrow, high, convex border, inside of which is a

moderately deep furrow; cheek-lobes depressed, convex, meeting in

front, rising abruptly fronj the deep dorsal furrow, on the borders

of which they reach their greatest elevation, whicli, however, is

not equal to that of glabella, and sloping thence roundly towards

the sides and front. The posterior limb bears a deep, wide, furrow,

which widens somewhat near extremity. The marginal fobl is very

narrow and of little prominence; and widiius a little in the outer half.

Tho posterior margin bends slightly backwards at extremity of lind),

which is rounded. HatclifTc's Millstrcam.— N. U. Survey and J. W.
llartt.

Conocephalitcs Orestes, Ilartt, MS. (Fig. 225). The head-shield

of this species without movable checks is of medium size, length

about ecjual to breadth in front, or to two-thirds

width behind : margin nrchod moderately in front,

with a rather wide, low border fold, widest in front,

narrowing toward the sides, separated from the rest

of the head by a shallow groove. Glabella long,

ovate, conical, or cylindrico-conical, extremely

convex, wider behind than in front, whore it is

rounded. Tho sides are straight, and so inclined to one another as

to meet, if produced, at a distance in advance of nuirgin in front about

equal to the distance of that line from glabella. The glabella is

flattened on the sides, and never regularly convex.

There are three pairs of furrows, which lightly impress the sides of

the glabella, and of which traces are not always distinctly jtreserved

;

and they are apt to be seen best in slightly distorted specimens. Dorsal

furrow narrow, deep, and sharply cut ; occipital ring widest in the

middle, narrowed from behind at the sides, separated from glabella

by a distinct furrow. Bears in the middle a minute tubercular spine

pointing upwards. Fixed cheeks strongly convex, but much less so

than the glabella, meeting in front with abrupt slopes toward dorsal

and posterior marginal furrows, but with gentle rounded slopes

toward sides and anterior groove. Ocular ridges, marked as lightly

raised lines, originating at the dorsal furrow some distance behind

Fig. 225.
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short, and appear to be parallel with the transverse diameter, but

they arc not always distinct.

Occipital furrow deep, slightly arched forward in the middle, and

with the ends turncl in the same direction ; occipital ring of moderate

width, the middle is produced into a spine often more than a quarter

of an inch in length. This spine is more or less strongly directed

backwards. The cheek-lobes are very gibbous, more so than the

glabella. Their posterior border is so strongly impressed by the

posterior furrow that it arches slightly over it. The surftice of the

convex part of the shield is ornamented by very fine, close-set granu-

lations, distinctly visible to the naked eye, and by a set of delicate

little tubercles more sparsely sown.

Rather uncommon at Ratcliffe's Millstream.—J. W. Hartt, Prof.

Bailey, Mr Matthew, C. F. Hartt, and N. 13. Survey, 1864. This

bears in its granulated surfac i a strong likeness to C. Matlhewi, but is

distinguished from that species by the thickened, triangular, anterior

border, che wider glabella less deeply lobed, and by the long occipital

spine. The fine gra.mlations are more distinct, while the coarser are

tubercles and not spines. It is larger than C. Mattheivi. Specimens

without anterior boi'der, and with badly preserved surface markings,

are apt to be taken at first sight for C. Baile.yi. The glabellas of these

two species are very alike in outline, but C, Bailcyi wants the gla-

bella furrows, or has them only indistinctly marked.

Conocephalites Ouangondianus, Hartt, MS. Head, without mov-

able cheeks, strongly convex in outline, somewhat sub-angular in front

;

much narrower in front than behind, where width is

greater than the length ; width in front very nearly

equal to length ; anterior margin wide, with a strong

'Id, whose axis is strongly inclined forwards, so that

it presents a short, steep, convex slope forward, and

a ii ng concave slope in the inner side, being much
less elevated than glabella or fixed cheeks.

Glabella long, ovate-conical, nearly twice as wide posteriorly

as in front, very convex, pilghtly sub-angular at the middle; sides

straigi;t, inclined to one ci..v^uier so as to meet in the middle of front

margin If produced ; rounded in front. Casts sometimes showing

three pairs of short, raised, transverse lines on the sides of glabella,

occupying the position o'' the ordinary glabella furrows ; of these the

two posterior f,rc directed obliquely backwards. In some specimens

there seems to be a fcdth pair in advance of the other, represented

by little tuberrlo-likc processes, situated on the side of the glabella in

front, just ivhert' *lie sides curve to the front. Glabella very rauch

mrre convC' tnaii fixed cheek.

Fig. 226.

Conocephalites

Ouangoiuluiniia.
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Occipital ring strongly arched upward, and separated from glabella

by a well-marked groove; middle of posterior margin produced

backwards in a short conical spine. Fixed cheeks highest along

dorsal furrow, towards which they pressed abrupt round slopes,

while their general surface slopes gently and quite evenly towards

front or sutures. The dorsal furrows are confluent in front with the

flat margin, so that the cheek lobe" do not meet in front. They are

highest along the straight dorsal I'urrows, but where they bend to go

round the anterior extremity of glabella, the cheek-lobes narrowing

and curving towards each other, gradually sink away and disappear

in the front flattened space.

The ocular lobes are very well developed, forming sub-semicircular

lappet-like lobes, curved strongly upwards, and situated about opposite

to the centre of the head. An ocular ridge, low and rounded, but very

prominent, runs from ant vior i.; n'gin of ocular lobes, with a curve

almost parallel with front mi.rgir^ of suicld, but slightly divergent

from it to the dorsal furrow, whici' it gains at a point considerably

back of front of glabella, and where the straight part of the dorsal

furrow bends to go round the front. Posterior limb short and

broadly rounded. Post-marginal furrows less deep than dorsal,

wider ; marginal fold narrow and moderately prominent ; shield

strongly arched transversely ; surface smooth.

Cephalic shields without fixed cheeks, only part preserved. Rather

uncommon in the Trilobite shales of RatclifFe's Millstream.—N. B.

Survey, 1864, and J. W. Hartt.

Conocephalites tener, Hartt, MS. Minute, glabella ovate-conical,

truncate at base, rounded in front, where it is al ovt half as wide as at

occipital furrow; slightly contracted behind; l.i .^ti^ J^out equal to

width at occipital furrow ; strongly depresseo couveiL 'nore elevated

at base than at front, and higher also than f f 1 eh oks ; aspect varies

with stale of preservation of specimens ; ar'-^ai^, ro inded, convex, or

concave; the middle seems to be inclined to project b ck slightly

over the occipital furrow; slopes abruptly to oecipitiil fuirow, which

is moderately deep, wide, and narrowed, and slightly inclined forward

at the ends, where it terminates abruptly ; bounding groove deeper

than other grooves in head ; occipital ring projecting backward

bodily beyond higher margin, with the axis of its fold inclined more

or less backward, and produced in the middle into a short conical

backward inclined spine; anterior limb regulcrly arched as if the

outlines of the complete head were semi-ci'cular.

Fixed cheeks anterior border broad, flai-concave, rising more or

less abruptly to a sharp, thin, marginal fold , %ndth between anterior
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extremities of cheek sutures equal to or about twice width of glabella

at base. Clieek-lobes but slightly convex, and much more depressed

than the glabella. Ocular ridges very distinct, thin, sharp, elevated

ridges, that begin about inner edge of cheek-lobes, just behind

rounded front of glabella, run outward and backward at an angle of

60°—65° to the antero-posterior diameter. They are at first straight,

but soon begin to bend backward more and more abruptly, foi-ming a

fragment of a spiral, their extremities being slightly directed inwards.

The width between the ocular lobes is about equal to twice the length

of the glabella. The ocular ridges are inclined outwards and forwards.

Another ridge of the same appearance begins a very short distance

behind the origin of the former, and on the very margin of the cheek-

lobes, and, diverging from the margin nearly opposite to the base of the

glabella, bends off abruptly along the posterior margin of tlie cheek-

lobe, describing a curve, whose convexity is directed backwards.

This ridge terminates considerably outside of the ocular lobe at a

point distant from the glabella about equal to half the width of the

latter at its base. This ridge is usually found inclined in the opposite

direction to the fonner, viz., inward and backward. Posterior mar-

gin of fixed cheeks moderately and regularly S-curved, the inner

halves curving forwards, the outer halves backwards, with a marginal

fold most elevated in the middle, but much less so than the ridges of

the cheek-lobe or the anterior fold. This fold becomes double at

about the middle, by the appearance of a groove running along its

summit, and it appears to run out before reaching the lateral suture.

The width between the posterior extremities of cheek-sutures is con-

siderably greater than between the anterior extremities or between

the ocular lobes. Glabella without furrows.

This beautiful species I. have found only in breaking up some

fragments of fine dark shale sent me from Coldbrook by my friend

G. F. Matthew. It is associated with Microdiscus Dawsoni, and

Paradoxides lamellatus.

ConocepJialites Aurora, Ilartt, MS. Resembles C. Ouangondlanum,

but differs in wider head, more depressed, anterior margin more

broadly rounded, and border more strongly reflcxed and elevated,

etc. Rare at Ratcliffe's Mill.—N. B. Survey and C. F. Hartt.

Conocephalites Thersiles, Hartt, MS. Differs from the last and

also from C. Ouangondianum in the front margin being broad and

flat, and bordered by a low narrow flattened fold or ridge, etc.

Glabella in the cast has three pairs of very short raised lines on tho

sides. Very rare at Ratcliffe's Mill.—J. W. Hartt.

Conocephalites gernini-spinosus, Hartt, MS. Resembles C. Mat'
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Fif?. 227.

thewi, but with wider and less elevated marginal folds, cheek-lobes

much more gibbous and semi-ovoid, etc. Sparsely sown with minute

spines, grouped two and two. Rare at St John.—C. F. and J. W.
Hartt.

Conocephalites Hallii, Hartt, MS. (Fig. 227). Well

separated from all the others by its very convex, nar-

row, and long glabella, ovate, or cylindro-conical

;

as well as by its strongly rounded sub-angular out-

Conoeephalites ]\nQ [^ front, and by its peculiar anterior marginal
Hallii (?).

f^ijj j^Qj common at Ratcliffe's Mill.—N. B. Survey

and J. W. Hartt.

Conocephalites quadratus, Ilartt, MS. Head minute, transversely

oblong, twice as long, slightly curved in front, straight behind, very

flat ; a ns^rrow elevated fold, convex in front, concave behind, and

somewhat inclined backward, goes round the margin. Very rare at

Coldbrook.—Mr Matthew's cabinet.

Conocephalites neglectus, Hartt, MS. Ghibella regularly semi-

elliptical; length, exclusive of occipital ring, about two-thirds of

width at base, moderately convex. Highest at middle of base and

sloping with a regular curve toward the front. Traces of two pairs of

glabella furrows on the sides. Occipital furrow deep and concave.

Occipital ring with straight parallel margins, narrow with a short

conical spine directed upward, etc. Very rare at Coldbrook.

—

Mr Matthew's cabinet.

Conocephalites formosus, Hartt, MS. Head trapezoidal in outline,

the anterior and posterior margins approximately parallel, and the

former of less extension than the latter. Glabella as wide at occipital

furrow as long, narrowed in front, and broadly rounded, with straiglit

sides,—three transverse furrows dividing it into almost equal parts,

etc. Not very common, Ratcliffe's Mill.

Conocephalites, n. s. (?), Hartt, MS. Resembles C. tener, but has

much shorter head and glabella, and very high anterior marginal

fold. Very rare at Ratcliffe's Mill.

Microdiscus Dawsoni, Hartt, MS. (Fig. 228). Cephalic shield

semi-lunar, with thickened border crossed by numerous grooves run-

p. 228 "i"g perpendicularly to the circumference. G labella convex,

narrow, rounded in front, conical and pointed behind, pro-

jecting beyond posterior border, without furrows or occipital

Microd\scu$ groovc. Chccks convex, no eyes, and no traces of sutures,

mag. Posterior angles of shield with backward projecting spines.

Pygidiuin sub-triangular, with curved outlines, rounded in

front and behind. Middh lobe distinctly marked, and divided
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This pretty little species I have never detected in the shales from

Ratcliffe's Millstream, but it occurs quite abundantly in the shales

of Coldbrook. All the specimens I have seen were collected wliile

breaking up some fragments of slate sent me from that locality by

Mr Matthew. I am not aware that it is found in St John ; I have

never collected it at that locality. It always occurs broken, the

cephalic shields and pygidia being separated.

Note.—Mr Ilartt had originally described this species under the

new generic name of Dawsonia ; but Mr Billings regards it as a

species of Microdkcus of Salter. The surface has a very fine granu-

lation not shown in the figure, and the grooves of the border are also

more distinct.

Agnostus Acadicus, sp. nov. (Fig. 229). Head minute, transversely-

elliptical or sub-circular, breadth and length about equal, convex but

very depressed, outlines in front and on the sides slightly straight-

ened. A narrow flattened and but very slightly elevated border

goes round the front and lateral margins. This is separated from

rest of shield by a narrow, shallow, flat space, or Fig. 220.

groove, which, on going posteriorly along the lateral

margins, loses gradually in width toward the posterior

angles of shield, which are rounded. (Jlabella a little

less than two-thirds the length of shield, long elliptical,

depressed convex, but more elevated than other parts of

the shield, about twice as long as broad, bounded ante- ^r/';ps^/« J<--

. 111111, 11 . adictis, lieail

riorly and laterally by a sharp rather deep groove concentric and pygidi

to the outer one above described. A well-marked trans- "'"' '"''^'

verse furrow arching backwards separates the anterior third of the

glabella as a sub-circular lobe. Postcridr part of glabella rounded, but

impressed on each side by a little lobe situated in the angle between

the cheek-lobe and the glabella. These little lobes are about one

quarter the size of the anterior glabellar lobe. Checks of the same

width throughout, and uniting in front of the glabella, being bounded

by the two concentric grooves above mentioned. Posteriorly they are

rounded; in width they are rather greater than the glabella. They are

convex, more elevated along their inner margin, but sloping outward,

roundly, and evenly. Glabella with its lobes project considerably

beyond posterior margin. Surface smooth. Pygidium of this

species (?) of about the same outline as cephalic shield. The

posterior and lateral margins have a slight raised border, separated

from lateral lobes by a shallow but well-marked groove running
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Mr Hartt recognises several other species of Paradoxides, but

has not found time to work out their characters in detail ; and this is

rendered particularly difficult by the circumstance that the thin crusts

of these creatures appear to have suffered even more from distortion

than the other fossils imbedded with them.

The descriptions above given, witli the fact that some of the layers

are perfectly loaded with fragments of Trilobites, will serve to show

the exceeding richness of this ancient fauna, and to indicate its

relations to Primordial life in other parts of the world. These

remarkable fossils deserve, however, much more ful' and detailed

illustration than that which I have been able to give them ; and

many additional species will no doubt be found.

Fig. 231.

—

Pamdoxukn.

Restored by Mr Matthew from fragments found at St John, and probably belonging to a specie*

indicated in Mr Ilartt's MS. by the name P. Micmac. M
2 u
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CHAPTER XXV.

THE IIUliONIAN AND LAUKENTIAN PERIODS.

INTRODUCTORY REMARKS THE IIURONIAN SYSTEM—THE LAURENTIAN

SYSTEM SUMMARY OF THE GEOLOGICAL HISTORY OF ACADIA

—

CONCLUSION.

The formations last described carry us far back through the long

ages of the earth's geological history to the beginning of the

Palfeozoic period ; but still older rocks, indicating still earlier periods,

are known to geologists. These, until lately, were regarded as azoic,

or destitute of remains of life ; but the discovery of Eozoon Canadense

now entitles them to the name Eozoic, or those that indicate the

morning of that great creative day in which the lower forms of animal

life were introduced upon our planet. Formations of this age occupy

great breadths in the northern part of the North American continent.

All that rocky and hilly I'cgion on the north side of the St Lawrence

Gulf and River, constituting the Laurentidc Hills, i-eaching from

Labrador to Lake Superior, and the extension of it to the south in

the Adirondac Mountains of New York, consists of Laurentian rocks,

and these are skirted on the south, more particularly on the shores of

Lake Huron, by the newer Huronian series, which, however, like the

first, underlies all the Silurian formations, The rocks of both these

great groups, as might have been anticipated from their vast antiquity,

and the vicissitudes which the earth has undergone since their for-

mation, are in a highly metamorphic state. Still there is good evi-

dence that, like the altered Silurian rocks above described, they were

originally sedimentary deposits, formed in the sea, and subsequently

brought into their present state.

Until a few years ago, we had no evidence of the existence of these

old formations in Acadia, or indeed elsewhere on the Atlantic coast

south of the Gulf of St Lav/rence, other than the vague suspicion that

some of the metamorphic rocks of unknown age might possibly be

referred to these periods. The discovery of the Primordial fossils

¥
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noticed in the last chapter has however, among other important results,

enabled Professor l{jiiley and his able coadjutors to introduce into his

" Observations on the Geology of New Urunswick " the two groat

groups of rocks which stand at the head of this chapter, while Mr
Murray has recognised the Laurcntian in Newfoundland, and a con-

siderable area on the banks of the Lower Hudson has also been referred

to the same period. These discoveries indicate a second long line of

outcrop of Laurentian rocks parallel to that previously knowi>, and

separated from it by broad areas of Silurian, Devonian, and Carbon-

iferous rocks. They also show that immediately after tlic Laurentian

period, not only the breadth of the American continent in the north

was marked out by these rocks, but also the direction of its eastern

coast.

Huronian Series (Coldbrook Group).

Under the St John or Acadian series, in the vicinity of St John,

and more especially at Coldbrook, there occurs a group of unevenly

bedded rocks, evidently marking a period of much disturbance, and

consisting, in large part, of conglomerate and of beds which seora to

be of the character of volcanic tufa or indurated volcanic ash. In

mineral character these beds closely resemble the Huronian of

Georgian Bay, and as they underlie the Primordial slates of St John,

T think we are fully justified in assigning them to this age. Should

this view prove correct, the occurrence of these peculiar beds in New
Brunswick, and also in the basin of the great Canadian lakes, will

constitute an interesting illustration of the existence of similar physical

conditions at the same time in widely separated areas, and will

increase our appreciation of the geological importance of that period

of physical disturbance which seems to have separated the quiet seas

of the Laurentian with their reefs of Eozoon from the equally quiet

conditions of the Lower Silurian ocean.

Though visible only along a line of outcrop about thirty miles in

length, and a few miles wide, these Huronian beds attain in one

locality, according to Mr Matthew, a vertical thickness of not less

than 7000 feet. In other places, however, their thickness is stated to

be only 150 feet. On this difference of thickness, and the composi-

tion of the group, Mr Matthew bases the following remarks:

—

" These figures indicate that the ancient continent, previously ele-

vated above the sea, sank under the accumulated weight of Huronian

sediment to the extent of one mile and a half or more in that short

distance, and that a coast-line near the position now occupied by the

city of St John limited the Huronian sea to the eastward during a

great part of this period. «
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THE IIUKONIAN SYSTEM. CGI

" Of these beds, Nos. 1, 2, and 3 do not extend so far west as St

John, and No. 4 diminishes very much in bulk in the roar of the

city, where it fills inequalities in the uppermost bods of the Portland

(Laurentian) series."

Professor Bailey makes the following remarks on the age of these

rocks :

—

"The facts upon which depend the determination of this question

have already been given in the remarks on the age of the I'ortland

aeries, where also a parallelism is suggested between the Coldbrook

rocks and those of the Huronian series of Canada. The parallelism is

apparent, partly in the fact that the former, like the latter, underlie

the rocks of the Potsdam group (of which the St John slates are here

the representatives), and partly in their mineral characters and the

absence of fossils.

" It is impossible to read the description given of the Huronian

series in the reports of the Canadian Survey, without being struck by

the close resemblance which exists between the members of that

series, and what has been termed in New Brunswick the Lower Cold-

brook group. In both the prevailing rock is a hard compact slate,

almost universally of a dull grayish-green colour, with which are

associated pink and white, or greenish- white felspathic quartzites,

and at the base of the series, dark gray sandstones and conglomerates.

In both, also, dioritic or greenstone dykes are common, as well as

stratified amygdaloidal traps, the igneous outflows penetrating the

rocks as well as lying in regular beds among the strata, in which

they have produced excessive alteration. It will thus be seen that

the two formations are alike in their general character, as well as in

the conditions under which they were produced. Indeed, the resem-

blance is much stronger than would naturally be expected in series

so widely separated.

" In passing to the upper member of the Coldbrook group, the task

of establishing a parallelism with either of the Canadian series is

much more difficult. Uidess we regard the red quartzites and jasper

conglomerates of the Huronian rocks (Nos. 7 and 8 of the section

given in the Canadian Rcpor >, ear the Thessalon River), as the

equivalents of the red congluuiCiates and sandstones of the New
Brunswick group, no rocks approaching the latter in character are

found, with the exception of the red sediments associated with the

copper-bearing rocks of Lake Superior. As these, however, have

been shown to be the probable equivalents of the Chazy group, which

occupies a higher horizon than the Potsdam beds, which here overlie

the rocks of Coldbrook, we must, for the present, be content to con-
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Bidcr tlicir precise poHition as uncertain, only rcnicinlierinf^ that tlicy

constitute a scries lower than the I'riniordial rocks, at the base of

the Silurian."

The rocks of the lower part of the Co'dhrook group being iiiucii

harder than those of the upper mcmbei Mian those of the St

John group, present a marked feature in tht; lopogniphy of the country,

projecting in a bold and rugged ridge, well marked for some distance

to the eastward of St .lohn.

The Huronian of Western Canada is rich in niLtallic minerals, more

especially in copper; but that of New Urunswick has not as yet

aflforded useful minerals. Indications of copper and lead, however,

occur in rocks referred to this age on the Hiiinmond Uiver, near

Quaco, and in other localities s])ecular iron has been observed.

It is to be observed that while on Lakes Huron and Superior the

lower Silurian rocks of about Chazy ago rest unconformably on the

Huronian ; at St John, the Primordial shales of the Acadian group,

which are, ..owever, much older than the Chazy, appear to repose

conformably on the Coldbrook series.

Laurentian tSeriea [Portlo '-roiip).

Regarding the group of rocks last d, .d as Huronian, there

seems no alternative but to assign the great mass of calcareous and

gncissose rocks underlying the Coldbrook group to the Laurentian.

These rocks form an anticlinal northward of the Coldbrook grouj),

and occupy an area about forty miles in length and from two to eight

miles wide. In the immediate vicinity of St John, they are overlaid,

apparently conformably, by the Coldbrook group. They may be ob-

served elsewhere to be covered unconformably by rocks of Devonian

and Carboniferous age.

When examining these rocks several years ago, I was struck with

their resemblance to the Laurentian of Canada ; but as nothing was

then known with certainty as to the age of the St John rocks, I could

not venture to assign them to so ancient a period. Their mineral

character, as it then presented itself to me, is described as follows :*

—

" The oldest rocks seen in the vicinity of St John arc the so-called

syenites and altered slates in the ridges between the city and the

Kennebeckasis River. These rocks are in great part gneissose, and

are no doubt altered sediments. They are usually of greenish colours;

and in places they contain bands of dark slate and reddish felsite, as

well as of gray quartzite. In their upper part they alternate with

white and graphitic crystalline limestone, which overlies them in

* Journal of Geological .Society, vol. xviii.
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thick beds at M't'Ioskency's and Drury's Coves on the Kcnnebeckasis,
and again, on the St John side of an anticlinal formed by the syenitic

or gneissose rocks, at the suburb of Portland. These limestones are alno

well seen in a railway-cutting live miles to the eastward of St John,
tMid at Lily Lake. Near the Kcnnebeckasis they arc unconformably
overlain by the Lower Carboniferous conglomerate, which is coarse

and of a red colour, and contains numerous fragments of the limestone.
*' At Portland the crystalline limestone appenrs in a very thick bed,

and constitutes the ridge known as Fort Howe Hill. Its colours

are white and gray, with dark graphitic laminie; and it contiiins

occasional bands of olive-coloured shale. It dips at a very high angle

to the south-east. Three beds of impure graphite appear in its upper
portion. The highest is about a foot in thickness, and rests on a sort

of underclay. The middle bed is thinner and less perfectly exposed.

The lower bed, in which a shaft has been sunk, seems to be three or

four feet in thickness. It is very earthy and pyritous. The great

bed of limestone is seen to rest on flinty slate and syenitic gneiss,

beneath which, however, tlnuo appears a minor bed of limestone."

Their structure is more fully represented in the following section

by Mr Matthew. The order is ascending :

—

" 1. Gray limestones and dolomites (?) of great thickness, with beds

of clay slate, occupying the middle of the peninsula which separates

Kcnnebeckasis Bay from the I'.ay of Fundy.
" 2. A mass of syenite and protogene, probably metamorphosed

sediment.

" 3. Gray and white limestones and beds of syenitic gneiss.

" 4. Gray and reddish gneiss, conglomerate, and arenaceous shale,

altered, resembling syenite and graimlite. Arenaceous shale and

gray quartzitc. Dark flinty slate, with oval grains (black).

" 5. Graphitic shale and pyritous slate, frequently alternating with

gray and white limestones and dolomites (V). The beds thinner,

and alternations more frequent, towards the top."

I have searched in vain, in the specimens in my possession, for

indications of the characteristic fossil of the Laurentian; but there

are traces of vegetable tissues, probably fucoidal, in the graphite and

graphitic shale ; and in rocks at Sand Point, referred by Mr Matthew

to this group, there are worm-burrows and other marking.?, probably

of organic origin. No representatives of the great deposits of iron

ore found in the Laurentian of Canada and New York, have yet been re-

cognised in New Brunswick. Nor do we know of anything correspond-

ing to the interesting auriferous veins of Madoc, in Upper Canada

(Ontario). The limestone of Portland, however, and other places.
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from Labrador, a rocky, lifeless continent, in so far as we know.

Along its shores are spread out muddy bottoms swarming with

strange forms of crustaceans and shell-fish ; and, in its more profound

depths, are being slowly produced the great coral reefs which are to

form the Lower Silurian limestones. In the area representing the

Acadian provinces, shallow waters, invaded by muddy and sandy

detritus, appear to have prevailed, with gradual subsidence of the

bottom of the sea.

The Upper Silurian period would seem to have been introduced

by new and extensive physical changes, which had the effect of

producing greater inequalities of the sea-bottom, and ultimately

a deeper sea, though pei'haps more limited in area. At this time,

also, extensive processes of elevation and disturbance were in pro-

gress along the Appalachian chain, and must have tended to sepa-

rate more completely the Acadian area from that of the central part of

North America. These movements were further connected with an

entire change of the animal life of the region—a change, however,

not sudden but gradual—and in the course of which, it would appear

that many species wliich had long previously existeu in other parts

of North America, extended themselves over the Acadian area.

As the Upper Silurian period approached its close, and the sea-

bottom had been loaded with many hundreds of feet of arenaceous,

argillaceous, calcareous, and fen'uginous sediment, another series of

physical changes supervened. New lands were thrown up, and

—

still more wonderful change—these lands were clothed with a rich

vegetation ; and the oldest known land animals, delicate and beautiful

insects— water-born but air-dwellers— flitted through its shades.

With these changes came another and even more thorough revolution

{.mong the living things of the seas.

But while the Devonian rocks were being built up, the older

sediments, buried under these newer beds, had been subjected to

the intense action of the earth's pent-up igneous agencies; and, at

the close of the period, it would seem as if the solid crust had

given way, slowly and gradually, to the superincumbent weight,

along certain lines; while in others the edges of the beds were tilted

up, and the whole surface of Acadia was thrown into a series of

abrupt folds,—great masses of plastic granitic matter invading every

opening in the shattered masses. This period surpasses every other,

in the geological history of the eastern slope of the American conti-

nent, in its evidences of fracture of the earth's crust. To this period

we riiust refer the greater part of the intrusive granites of Eastern

America, and to it also is referable the greater part of the metamor-

I'
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phism of the Silurian rocks, and the origin of the numerous metallic

veins by which these are traversed.

This great earth-storm of the later Devonian left the surface of

Acadia with its grand features marked out as they are at present

;

and the wide wooded swamps of the Carboniferous, and the sea

areas in which its beds of shells and corals were depicted, occu-

pied the present valleys of the country, and were limited by the

same ridges of folded Silurian and Devonian rocks, which foim

the highest hills at present. So close is this correspondence, that

the limits of the older foi *.ons on the map must very nearly

mark the coast-lines of Ca oniferous Acadia at the epoch of the

Carboniferous limestone. For the present interests of Acadia, the

great Devonian disturbances which charged the older formations

with metallic minerals, and tilted up to the surface the g:cat beds of

iron ore, and the succeeding growth of the coal accumulations of tho

Carboniferous period, were the most important of all its geologi jal

changes, as being the sources of its groat mineral wealth. Yet ',nese

momentous eras are not to be taken by themselves, but as links in a

great chain of processes, with all the parts of which they are more or

less closely connected.

Here we may pause for a moment to glance at the map, and to

observe the three broad bands of Lower Silurian rock, portions

of which appear on it, all of them iiinning in a north-east and south-

west direction. The most northern of these is seen only on a comer

of the map, skirting the south side of the St Lawrence ; but it is

the most important of the whole, extending far to the south-west

through Canada and the United States, constituting, with the excep-

tion of the Laurentian already mentioned, the oldest portion of the

great Appalachian breast-bone of North America. The second is

that extending across New Brunswick into Maine, and thence south-

ward along the coast-line of the United States. The thii'd is the

coast series of Nova Scotia, extending to the north-east into New-

foundland, but disappearing to the south-west under the Atlantic.

All these are auriferous and otherwise metalliferous, and they consti-

tute three great lines of upheaval or ridging up of the earth's crust,

in the tn^ughs between which lie the Upper Silurian, Devonian, and

Carboniferous areas of Acadia.

Of no geological period is the history better recorded in the Acadian

provinces than the Carboniferous, in regard to which they may even

be considered as a typical region, presenting the formations of that

period in the greatest possible thickness and variety, and exhibiting

in a very perfect manner, and with features not as yet paralleled in
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other regions, the terrestrial life of that very interesting era. The

wonderful history of the Carboniferous period has, however, been so

fully detailed above, and is in itself so ample, that I shrink from any

attempt to sum it up here.

We now reach a blank in the geological history of Acadia—

a

blank represented only by certain elevations and disturbances of the

Carboniferous beds, which occurred during the period occupied in

some otner regions in the deposition of the Permian rocks. This was

succeeded by the local but important volcanic outbursts which accom-

panied the probably rapid deposition of the Triassic red sandstone, an

association of volcanic phenomena with the hasty deposit of coarse

sediment stained with oxide of iron, which had occurred before in the

Lower Carboniferous, in the Lower Devonian, and in the far earlier

Huronian.

The Trias of Prince Edward Island alone gives us, in the boms of

Bathygnathus, a single glimpse of the reptilian life of the Mesozoic

"age of reptiles," so richly exhibited in some other countries.

A blank in this monumental history of enormous length succeeds

the Triassic period, and Acadia with the neighbouring parts of Nortli

America was probably, during these long Mesozoic and Tertiary ages,

a part of an extensive continental area, in which animals and plants,

characteristic of those periods, no doubt flourished, but have, so far

as we know, left no traces of their existence.

The next vicissitude of which Ave have any record is that mysterious

glacial period, which I am inclined to regard as one of subsidence

under an ice-laden sea, in so far at least as Acadia is concerned.

Certain it is that no deposit similar to the boulder clay had occurred

previously in Acadia, unless indeed we may regard some of the

coarser conglomerates of the Carboniferous period, as evidence that

ice was grounding on the coasts on which the vegetation of the coal

formation was flourishing. Probably at this period Nova Scotia and

New Brunswick were in circumstances very nearly the same with that

of the gi-eat Newfoundland banks at present. Under any view,

nothing is more remarkable in the geological history of the earth than

the almost universal subsidence and glaciation which seem to have

affected the Northern Hemisphere at this period, geologically so

recent. Little by little, terrace after terrace, the land rose from the

glacial submergence ; and, as it rose, it began to he peopled with a

gigantic race of quadrupeds which gradually gave place to those now

existing ; the extinction of the Mammoth and Mastodon having pro-

bably had relation to the gradual increase of the surface of the

land, and its warmer and drier summers. Had these creatures

!
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finally disappeared before the advent of the Micmac and Mali-

seet ? We know not ; but in so far as negative evidence is entitled

to weight, we may suppose that they had ; and that the human occu-

pation of Acadia may not be of older date than the origin of the his-

toric nations of the old world. The Red man still survives, with the

remnant of the wild animals which fed his forefathers, and of the

forests which sheltered them ; but now the towns and cities of

civilized man grow up on the borders of our rivers and bays, his fields

spread over the land, his sails dot the surface of the waters, his mines

penetrate the deeply hidden stores of subterranean wealth, while his

ever active mind studios with penetrating insight the monuments of

that strange series of creative processes by which in the counsels of

Almighty wisdom its present destiny was worked out. What next ?

Geology cannot answer the question ; and the geologist, as he lays

down his hammer and his pen, can only utter the pi-ayer that in the

future history of this old world, in whatever of new development and

higher glory its Maker may have in store for it, Acadia and its sons

and daughters may bear a worthy and a happy part.

Conclusion,

Fn the pi-eceding pages, I have neither sought nor avoided the

discussion of those questions on which geologists are at present

divided in opinion, in so far as these questions are raised by the

history of the formations developed in the Acadian Provinces. I

have, however, made such discussions subordinate to the statement

of the facts immediately under consideration ; and, for this reason,

they will be found scattered in various places throughout the work.

I may now shortly sum up my conclusions with reference to a few

of the more important of these disputed points.

The hard-fought field of glacial denudation, striation, and boulder

drift, I have traversed in the Chapter on the Post-pliocene, and have

endeavoured to sliow that the phenomena of the boulder clay and drift

in Eastern America are to be accounted for not by a universal glacier

;

but by local glaciers, drift ice, and the agency of cold northern cur-

rents, ill traiisi)orting materials and eroding the surface of a partially

submerged continent.

On the modern notion of "homotaxis," as distinguished from actual

contemporaneity of formations on the same geological horizons, I have

fully stated my views in introducing the history of the Carboniferous

period, and have shown reason for believing that the formations of

this great period in America are exactly, and even in their sub-

divisions, synchronous with those known by the same names in Europe.
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I would also invite the attention of geologist.^ to liie doctrine of

equivalent geological cycles, as stated in that chapter ; believing that,

in spite of all local diversities, such general cycles of geological change

will at length be fully established. For the present, I am aware that

there is a tendency among some of the younger geologists to extend

to the whole world, and to all time, the exceptional coast-conditions

of small areas, and very limited faunas ; but this attempt to raise the

exceptions to the rank of the rule cannot deceive those whose studies

have made them familiar with the enormous areas of deposition and

life-distribution in the modern ocean, and with the still more uniform

conditions of the Palajozoic land and sea.

With respect to theories of mctamorphism and the production of

what have been termed " Indigenous " crystalline rocks, the pheno-

mena observable in Acadia point out that the heat of the great igneous

masses of the interior of the earth's crust has been mainly instru-

mental in effecting such changes, though much must be allowed for

the original chemical differences of the beds. There is also very

striking evidence of the power of huge Plutonic masses to melt their

way, if we may so speak, through the aqueous beds, with very little

mechanical disturbance, and only a limited amount of nietamorphism

in the immediate vicinity of such masses. Nor can there be any

question that the igneous masses themselves have been much modified

in their chemical constitution by beds through which they have

passed, so that there is a certain correspondence between the character

of igneous rocks and that of the beds which they penetrate. In

addition to all this, we have bedded traps and tufaceous beds composed

of the debris of igneous rocks, readily assuming under mctamorphism

the aspect of Plutonic dykes. It is clear that a want of careful

analysis of facts so complicated may readily lead to the confused and

cnntrad'ctory doctrines on the relations of the metamorphic sedi-

ments and the " exotic " Plutonic rocks now too prevalent.

I have not been able to find, in the remarkably complete series of

fossils afforded by the Carboniferous of Nova Scotia, any evidence of

the gradual transmutation of species by natural selection or any other

cause. On the contrary, species appear without any manifest cause,

and I'emain unchanged, or with very limited varietal modifications

dimng very long periods. I admit, however, that in the case of cer-

tain species of wide range and long continuance, as Productus cora

and Alethopteris lonchitica, for example, varietal forms can be observed

to be characteristic of certain places and beds; and that if we were to

regard the varieties as species, and the latter as sub-genera, then such

supposed species might be regarded as transniutable into each other,

\i\
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670 CONCLUSION.

inasmuch hs they pass into each other by indefinite gradations ; but I

cannot regard such varietal forms as true species.

The relations of the Carboniferous to the Devonian flora appear

to militate in a positive manner against the theory of transmutation.

The Devonian flora of Eastern America, of which there are now known

nearly one hundred species, affbrds all the principal generic forms

of the Carboniferous. A few of its species are identical, but the

greater part are distinct ; and this distinctness is even more marked

in the Lower Carboniferous than in the Coal formation. While,

therefore, a few species continued unchanged through all the vast

time of the Devonian and Carboniferous, others disappeared at the

close of the Devonian and were replaced by distinct species in the

Carboniferous, and all this without any material improvement or

elevation of type.

It may be added, that in New York and Ohio, where no physical

break separates the Devonian and Carboniferous, the change of flora

takes pi ice in the same manner, and that the floras of the Devonian

and Carboniferous are now too well known, and that over too large

an area to allow us to explain this by " imperfection of the record."

Again, if we turn to the Primordial fauna of St John, we find there,

as in similar horizons in Europe, several distinct types of animal exist-

ence already well defined, and none of them pointing by any character

to the primitive Eozoon of the Laurentian rocks, which stands out as

distinctly by itself as the two little land-shells of the Coal measures.

On the great question at issue between the " Uniformitarians" and
" Catastrophists," I desire to occupy that middle ground to which I

am glad to see that Lyell and Murcliison, the two great leaders of

geological opinion in Great Britain, tend in their later works. While

the doctrine of the absolute uniformity of natural laws cannot be too

strongly held, we must admit that periods of more and less energetic

action of the great causes of geological change have alternated with

each other over regions so extensive as practically to affect the whole

world, and that the period of human observation has been probably

too limited to enable us fully to appreciate the extremes of these

oscillations. In other words, the long-continued operation of uniform

causes, whether geological or astronomical, may lead to an accumula-

tion of effects in certain directions, terminating in a change, cataclysmal

in its character, and initiating a new train of causes perhaps under

very different conditions. It is true that such a cataclysm may, in

a broader view, be regarded as a part of the uniform order, just as a

thunderstorm or an earthquake may bo regarded as an effect of regular

natural laws, as much as a tide or a current. Still we should beware
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of limiting the intensity or extent of such phenomena by our own
short experience. Nor must we fail to consider that all successions

have implied progress, that every oscillation of the piston-rod, every

turn of the wheels, urges the machine forward. Nothing can be more

evident than the continued progress and development of both unor-

ganized and organized nature on the surface of our planet, from the

earliest periods of geological time to the present day. But our

experience of existing causes has been too short to enable us fully to

realize this, or to harmonize it with our notions of uniformity or cata-

clysms or creative intervention. We are but infants in knowledge,

and we have been passengers in the ship of nature for so short a time

that the oscillations of the piston-rod may appear to us cataclysms

irreconcilable with the steady motion of the wheels, and that we may
yet be unable clearly to discriminate between the action of the lifeless

machinery and that of the unseen hand and mind which regulate and

guide ; and while we may readily disco ver motion and progress, the

port of departure and that of destination are alike invisible in the

distance. Patient observation and thought may enable us in time

better to comprehend these mysteries ; and I think we may be much

aided in this by cultivating an acquaintance with the Maker and

Ruler of the machine as well as with His work.
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APPENDIX.

II

"1

(A.)—MicMAc Language and SuPERSTrnoNS.

T KEFERURO in Cliiipter IV. to the fact that, hi the judgment of my friend

Mr Hand, there are strong points of resemblance between the Micmac and

Maliseet languages and some of the older languages of Europe, and that

these may still be traced in many root words. He has furnished me with

a number of these which have occurred to him in translating the New
Testament ; stating that he merely presents them as genuine resemblances

occurring in primitive aboriginal words, and the precise value of which he

leaves to be estimated by philologists. They are undoubtedly too numerous

and important to be purely accidental ; though they may be accounted for

either by supposing that the Algonquin languages, of which the Micmac is

merely a branch, actually retain traces of roots derived from the Eastern

Continent, or by supposing that in the formation of the language similar

ideas as to onomatopoeia occurred to the mind of the American Indian and

his contemporaries in the Old World. In either case, the similarity indicates

the claim of the American to kinship with the European ; and the followuig

list of words will illustrate a fact of some interest, whatever its value in

philology. I have given merely a few of the examples communicated to me
by Mr Rand, and have left out a great number in which the resemblances

are obscured liy change of consonants, such as the substitution of other

sounds for " r," which does not occur in Micmac. The vowel a is sounded

as in "father," except when marked short (ii), when it sounds as in "man."

The other vowels are long, except where marked as short.

Pules, a pigeon. Cf. •frsXs/a.

Age or ahge, earth. Cf. Heb. aretz, >yn.

Padoos, a boy. Cf. 'rruiboi.

Pegoon, a feather. Cf. Tuyuv.

Oo-la/ciin, a dish. Cf. \ixo{,

Olctan, the main sea. Cf. OKiKvog.

Alasoomk, I beseech. Cf. 'kiffao/Mai,

Agioltk, it is in the water. Cf. aqua.

Ep-ugwU, it lies in the water ; the Micmac name of Prince Edward Island.

Astow, in the sunshine. Cf. cestui.

Jun, a child. Cf. juvenis, jung, young.

Ancane, ancient.

KSko.i-num, I have it. Cf. e;^w.

III
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674 APPENDIX.

Tuhaguti, a vcliiclc. Cf. icagon.

Taboo, two. <Siee*<, three.

WStjSlutk, to bark. Cf. i/Xaxriw.

Queetuin, I seek. Cf. quaero, quaetitiis,

Mal-tuk, to beat. Matlole, I beat thee. MS.tunUga, I fight.

C'cime, a harbour. Cf. ku/it}.

Ej)sU, wanned. Epsum, 1 heat it. Cf. s%f/w.

Cubllakum, a cradle-board. Cf. cubile.

Nekokul, a spear. Cf. axuixrj.

Ankedasi, I think earnestly. Cf. oti^o, dy^u,
Ekai, I come. Cf. ^xw.

Cheenum, a man. Cf. yenof.

Oo-dun, a town. Cf. rfu« and dune.

Ait, he says. Cf. ait.

Mitle, many. Meg, great. Mai, bad. Cf. mickle, fiiyac, malm.
Well-ake, he is well. This root well occurs in many compounds.

''M-digin, a thumb. Cf. digitus.

^M-pak, the back. The prefix 'm appears to be a remnant of an in-

definite article.

Oolk, a shij). Cf. Jndk, oXKai;.

Keloos, good. Cf xaXof.

Keloos-oodee, goodness. Oodee in Micmac has the force with the English

postfix hood, in childhood, etc.

Oonuks, a wing, Cf.-ivu^.

Wigioam {pikom), house. Cf. o/xof (Fo/xoj), vicus.

Weeka, his home. Cf. o/x;a.

Tern-sum, I cut it. Cf. rtfivu.

Muluk-och, milk. A word which is one of the most primitive, and con-

tained in most languages.

Moo, no. Cf. (lYi.

Kicis, a son. Cf. u/'os.

Nephk, he is dead. Cf. KSXfOf.

Kwa, hail. Cf. %«'§?•

Kakayak, it fails. Cf. xaxew.

Tokoo, then. Tore.

Kewkw, an earthquake. Cf. qualce, quatio.

Aha, to go. Cf. ire, alter, etc.

Ejikidadoo, I cast away. Cf. (^Ycib.

W^y, prefix signifying with.

Tan, when. Cf. hrav.

To these examples I may add an illustration from Mr Rand's Micmac
version of St John, xix. 24, where the leading words in one of the clauses

are veiy similar in Greek and Micmac.

M^ (f^icfu/ievj "Kayufitv,

Moo skwiska lakade-nech.

We shall not rend, but cast lots for it.

The superstitions, traditions, and astronomical notions of the primitive

Micmacs also present points of similarity with those of other nations, and
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Mr Rand's knowledge of their language has enabled him to collect many
of these.

They believe in fairies, whom they call " WTggfil-ladilrim moochkik,"

very little people. Tlicy are supposed to be superhuman, immortal, living

in caves and underground, and, like the fairies of other lands, coming out to

dance, and disappearing in the day-time.

They also have a tradition of a primitive race of giants, " kookwSs"
(cf. yiyai), of great size, and cannibals.

By the term " Chinook," which is the actual name of a tribe of Western
"flat-head" Indians, in historic times far removed from the Micmacs, they

denote a nortliern people with hearts of ice, and so terrible that their very

wur-whoop was fatal.

They know of fauns or demi-goda, " Migumootoesno" which haunt the

woods, and sing and play exquisitely, seeking to entice unwary travellers.

They have also seen mermaids of tlio true mythological type.

Tlie ancient Micmacs had names for the principal constellations, but their

degenerate descendants have lost most of tliese. Tluiy still know " Mooin,"

the Bear, or Ursa Major ; and it is characteristic, that as Micmacs know that

bears have not long tails, the stars of the tail of the Bear arc called the

" Hunters." Eacli of tliesc has his name. The nearest is Pfiles, Pigeon ;

the next is Chiguyeck, Cliickadee or Titmouse ; the third is Chipchiwitch,

Robin. These words are curious illustrations of the prevalent onomatopcoia

in the names of animals. A small star near one of the Hunters is his

" Kettle," and Berenice's Hair is the " Bear's Den." The Evening Star

they call Ncganoos, tiie leader of the host. The Morning Star is OotS. da
biin, the herald of morning. The Belt of Orion they call tiie "Fishermen,"

and his sword the " Kings." Four stars in the form of a cross in tiie thigh

of Antinous are called the " Loon." The Pleiades are named Ajalkuch,

the meaning of which is not known.
Lastly, they have a great traditional immortal patriarch, benevolent and

powerfnl, " Glooscap" of whom they have many legends, and who has left

his children, the Micmacs, because of tiieir sins, but who will one day return

when they are sufficiently humbled and penitent.

(B.)—Peat as Fuel.

It is not to be expected that, in the vicinity of the coal-fields, peat can be

profitably manufactured for fuel ; but in those parts of Nova Scotia and New
Brunswick remote from the coal districts, there exist important deposits of

this substance which may become economically useful. The principal dis-

advantage of peat as compared with coal is the large quantity of water

which it contains, amounting to about 90 per cent, of the wliole in the crude

material, and even in the dried peat to from 20 to 35 per cent. This difficulty

is partially obviated by thorough drying in tiie air, and more completely by

pulverizing and compressing the peat, or by charring it, as is done in France.

The only locality in Canada where peat is at present extensively worked is

on the property of Mr Hodges, in Bulstrode, P. Q. The process employed

is that of excavating the peat, reducing it to pulp, cutting it into square

portions like bricks, and thoroughly drying it. The machinery employed
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IH i)Iacc<l in a bargo, wliicli excavates a ciiiial, in wliicii it tloats as tiie worit

proceeds. Pn ;«ure is not employeJ. I'eat pn'|iiire(J in tiiis way is sold at

4 doU. per t(jn in Montreal, and has been nsed advantageously tor tiie pro-

duction of steam and in domestic tires. In Inland and in Scotland attempts

have been niadt; on u large scale to use jieat as a source of tar, coal-oil, and

other products. In some cas'.is the results have been protitable, in others

the reverse. This appears to have depended partly on the processes em-

ployed, and jmrtly on the <iuality of the material. Persons desirous of

making further inquiry on this subject will tind additional details in Sir VV.

Vj. Logan's Report on the CJeology of t'anada, 18().'{, and in a paper by Dr

Hunt in the Canadian Naturalist for December 18(j4.

(C.)—CONK-IN-CONE CoNCKICTIONH.

F^vcry field-geologist is familiar with various forms of concretions, as of

clay-ironstone, tlint or chert and carbonate of lime, which occur in clays and

Bimilar beds, or in limestones. They are in general attributerl to the

mutual attraction of particles dilTused through masses of sediment, and

Coite'iH-Cone.

aggregating themselves around solid bodies as nuclei, or flowing into cavities

of fossils and other places of least resistance. Such nodular arrangements

are especially abundant in the underclnv* mi ' '' r cl; y beds of the Coal

measures, where the carbonate '.f iv formeil by the action of decaying

vegetable substances on tlw ' :r()n present in the sediment, has

shown a singular aptitude niug such str ures, and the nodules

and nodular sheets of irons-; iiten contain fos. . of much interest. In

these nodular layers also, a.s 11 as in <rtain layers of hard argillaceous

matter, we often find the remarkable s mture to which this note relates.

It consists of series of conical forms olion running together into rows and

ridges, and consisting of a series of concentric coats, whenci he name
" Cone-in-cone," given by the miners. The surfaces of the coais are also

curiously marked with transverse ridges, giving a wrinkled appearance, so

much resembling some organic structures as to deceive sou.e persons into

.11
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Romowlmt perfect examiile, selected from a series of specimens kindly sent

tome hy 11. i'liiiie, i'',si|., from the beds overlying one of the ('(lal-seamn

at ( I lace Hay, ("ape Hreton. Previously to the receipt of these specimens,

I had thought little as to the origin of these forms, but a careful study of

Mr Poole's specinu'iis led nu' at tlu^ time, in exhibiting them to the Natural

History Society of iMoiitreal, to state my belief that they are produced by

"concretionary action proceeding from the snrl'iice of a bed or layer, and

modified by the gradual compression of the material." Subseiiuently, at

the Afeetiiig of the American Association nt IJurliiigton, Profi'ssor Marsh
of Val(! College, in tlu^ course of an able dissertation on the origin of the

so-called " Lufnilltcn or Ejinmiillfn" incideut:dly referred to the " Cone-in-

cone," and attributed it to the same cause, though unaware at the time

that this explanation hud occurred to any other jierson.

Taking this view of the origin, these concretions serve as an interesting

illustration of the curious imitiitive forms sonu'times assumed by concretions,

and also of the twofold movement of particles of matter in sediments under-

going consolidation under the double influence of mutual attraction and

of mechanical comjiression. Farther examples of the effects of these forces

may be found in the formation of ordinary nodules, the infiltration of the

cavities of fossils, the slickensiding of undcrclays and other beds full of

vegetable matter, by the giving way of the latter under pressure, and the

curious crushing of erect jointed stems of Calamites into rows of disc-like

bodies, re|)resenting the firm nodes, while the intermediate portions have

collapsed (see figs, at pp. 150 and 400). The remarkable distortion of fossils

by pressure already referred to (p. 400), the nodular changes, and curious

minute crumplings which have taken place in the production of slaty struc-

Inres, are also illustrations of that mobility of particles in consolidating

rocks, which must be invoked to explain the Cone-in-cone.

Cone-in-cone is found in the Coal-formation rocks of other countries than

Nova Scotia, being not infrequent in the clay ironstones of England. It

is noticed by Professor Rogers and Professor Hall as occurring in the

Devonian of Pennsylvania and New "\'ork, and I have observed it in one of

the layers of fine laminated shale in the primordial strata of St John, New
Brunswick.
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(E.)—Grand Manan.

This isolated portion of New Brunswick has hitherto been a blank in the

geological map, and for this reason 1 insert here a note kindly communi-

cated to me by Professor A. E. Verrill of New Haven, who, though he

visited the island for zoological rather than geological objects, has given

some attention to its structure.

" The stratified rocks of the island appear to represent at least two

formations which are unconformable.

" The one, which is apparently the oldest, occupies the belt of low land

and the shore cliffs from Wliale Cove and Northern Head, along the whole

eastern side of the island, to Grand Harbour, about the middle of the

island, beyond which I have also seen outcrops of it in several places,

but have not examined the whole extent. The same rocks compose Long
Island, Duck Islands, Rosse's Island, Whitehead Island (in part at least),

and nearly all the other small islands off the east side of Grand Manan.

Inner Wood Island is, however, partly composed of conglomerate and fine-

grained dark-red sandstone, with an easterly dip, which may belong to a

higher formation; and Gamiet Hock, upon which there is a lightliouse,

was described to me as composed of conglomerates. The Three Islands,

which are the most eastern, are in the main composed of rocks similar to

the eastern shore of the main island, but upon the outer one I found also

a bed of white crystalline limestone.

" The series of rocks alluded to are highly altered, much distorted and

broken, and cut through by numerous immense dykes and masses of trap,

and consist of talcose and clay slates, mostly grayish, but sometimes black,

calcareous grits, altered gray sandstones, in one case with vegetable traces,

but sometimes so indurated as to become quartzites, or, when impure, ap-

proaching a syenitic character. Included in tiiese gray sandstones and slates

near Pettee's Cove, there is a bed of black carbonaceous shale, very fissile,

as if it ought to yield plant-remains, but I could find none. Included in

similar rocks near the same place are several true veins of heavy-spar,

mostly massive and pure, but in one case carrying some galena, copper,

pyrites, etc. On Rosse's Island, inclosed in black slates, probably of the

same age, there are enormous masses of white quartz, conspicuous above

the general surface, some of them 100 feet or more across, and from 10 to

40 high. The dip of these rocks is so variable and irregular that no

general statement can be made. AN'here least altered, it was often to the

N.N.E. 45°, but at other times they were nearly vertical or even inclined

to the S.W., varying in short distances.

" The second series of rocks occupy the northern end of the island to

the west of Whale Cove. Commencing at this Cove and going west, wc
lind first regularly columnar trap for a short distance, and then, apparently

resting upon it, thick-bedded, regularly stratified massive rocks of various

composition, but mostly amygdaloidal, trap-ash, and compact quartzozo

rocki; !>i beds 10 feet or more thick. These occupy the shore for about

two miles, forming clifts from 100 to 200 feet high. They are at times

nearly horizontal, in other places dipping to the W. or S.AV. about 10°

to 20°. The amygdaloidal cavities contain calcites, stilbites, apophyllites.
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etc., but seldom aflFording good specimens. Beyond these rocks, at the

N.W. extremity of the island, the cliffs are very high, consisting of trap,

often columnar, which continues for several miles ; but I have been told

that a stratified sandstone again appears for a short distance on the western

side, north of Duck Harbour, where I have not been ; but, from Duck
Harbour to the southern end of the island, I found the cliffs to consist of

trap, from 200 to 400 feet high (by estimate).

" Concerning the age of these massive stratified rocks, I can only offer

the conjecture that they arc Devonian from their appearance alone.

'' Whether the red-sandstono of Inner Wood Island and conglomerate

of f4annet Hock are of the same age is very uncertain."

On careful consideration of the above observations of I\Ir Verrill, in

connexion with the structure of the neighbouring coast, I think it probable

that the outer and older series above mentioned is either the equivalent

of tbe Acadian or St John series or of tiie Kingston series, and that the

traps with the associated sandstones may be Devonian or Upper Silurian.

The colouring on the map represents one of these conjectures.

(P.)—New Minerals from Nova Scotia.

" Professor How announced in Silliman's .Journal, Sept. 1857, the dis-

covery, in the great bed of gypsum quarried at Windsor, of the rare

boracic-acid mineral, Natro-horo-calcile, hitherto foujid onjy at Iquique

in Peru, Its formula, according to Professor How, is

—

Na 2 BO3 + 2 Ca 0, 3 BO.t + 15 HO.

With respect to the geological conditions of its occurrence. Professor

How quotes from Professor Anderson of Glasgow the statement that,

in Peru, the mineral is found in a district supposed to be volcanic, and

embedded in the nitrate of soda deposits. He then remarks that, with

a very few exceptions, boracic acid is found " either in directly volcanic

regions, most abundantly as such, or as borax ; and a well-marked case

of actual sublimation of the acid from a volcn- o in the island of Vulcano,

near Sicily, has been studied by Warrington ; or in smaller amount, in

minerals the products of recent or extinct volcanoes, as Humboldtite fmni

ejected blocks of Vesuvius, and zeolites and datholite from trap of Salisbury

Crags, New Jersey, and other places; or in minerals of purely plutonic

or metamorphic rocks, as tourmaline, the rhodozite of Roze, and axinite

—

the species which contain it at all being few in number. It may be noticed

also, that traces of this acid have lately been met Avith in the Kochbrunnen

of Wiesbaden and in the waters of Aachen."
" If we may reason from the character of the majority of its situations,

we may almost consider the volcanic or at least igneous origin of l)oracic

acid so well established as to lead us, by its occurrence in the gypsiferous

strata, to seek for some volcanic agency as the cause of their production.

Such an origin has, I iind, already been assigned to the gypsiun of Nova
Scotia by Dr Dawson. 'J'liis formation has been showpi to be a member
of the Lower Carboniferous series, and is assumed to have arisen from

the action of rivers of sulphuric acid more or less dilute, such as are known
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The same able chemist, in 1861 (Silliman's Journal and Edin. New Phil.

Journal), described a second boracic acid mineral, which he has named
Cryptomorphite. It is, like the former, a borate of lime and soda, and its

probable formula is stated to be :

—

Na 0, 3 Ca 0, 9 BO3 -f 12 110.

Still more recently Professor How has kindly communicated to me a

notice, shortly to be published, of a third mineral, found under similar con-

ditions at Brookville and Newport, near AVindsor, and which he proposes to

name SiUco-horo-calcitc. It contains a large proportion of silica, and its

formula is given as

—

2 Ca Si 0, + 2 (Ca O 2 BO,, HO) + R0„ 3 HO.

These minerals occur in small nodular masses in the gypsum and anhydrite,

and are associated with glauber salt, and they have now been found by
Professor How in seTeral localities, and in some of those in considerable

abundance. The natro-boro-calcite is said to occur in the ordinary gypsum
only, while the silico-boro-calcite is found in anhydrite as well.

Professor How has also detected both the carbonate and sulphate of

magnesia in the gypsum and associated rocks, though apparently not in

large quantity.

Professor How hasalso recognised the mineral Pickeringite or magnesia-alum

occurring as an efflorescence on the surface of slate at Newport. It is curious

that this mineral, like natro-boro-calcite, had previously been found only at

Iquique in Peru. It is also curious that it was found to be associated with

small quantities of nickel and cobalt. The former metal had not previously

been found in Nova Scotia, though not infrequent in the Lower Silurian,

Huronian, and Laurentian, of Canada.

Professor 0. C. Marsh, of Yale College, has comnumicated to Silliman's

Journal (Nov. 1867) a notice of the mineral Ledprrrite, found by Jackson

and Alger at Cape Blomidon. I'rofessor Marsh regards this mineral as

identical with Gmelimte, and attributes its peculiarities to the accidental

presence of phosphoric acid and of minute crystals of quartz embedded in the

specimens.

(G.) Mining Laws anij 1{i;gi;lation.s.

In Nova Scotia the mines and minerals arc under the general supervision

of the Commissioner of ISIinos, from whom all necessary information and

guidance can be obtained; and the laws relating to mines and miner.als are

of such a character as to afford all the encouragement that can be desired

to legitimate enterprise.

In the case of Gold, " prospecting licences" are issued fov periods of three

months, and for areas not to exceed 100 acres. The fee is .50 cents per

acre up to 10 acres, and beyond this 25 cents. Such licences may be

renewed at half the above rates. On discoveries being made, the discoverer
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is entitled to a lease for 21 years, under a royalty of three per cent, on the

gross amount of gold obtained. Licences are also given for crushing mills.

All the details as to rights of proprietors of land, and conditions of licences

and leases, are carefully provided for by the law.

In the case of Coal and Other Minerals, licences to explore on tracts of

five square miles in extent are granted for 20 dollars. Tliese, however, are

for twelve months, and may be renewed on application tiiirty days before

they expire, and on payment of 20 dollars. Tiie holder of an exploratory

licence may select an area of one square mile, and secure the right of mining

thereon on application and payment of 50 dollars to the Commissioner of

Mines. Licences to work are for a term of two years, witiiin which term

the holder must commence effective mining operations, and continue tlie

same in good faitli. On expiry of the licence, the holder may obtain a lease,

in the case of coal, until 25th August 1886; in the case of other minerals,

for 21 years, subject to a royalty of five per cent, in the case of all minerals,

except gold, coal, and iron. The royalty on coal is ten cents per ton of

2240 lbs. and on iron eight cents per ton. Larger areas than one mile may
be granted by the Governor in Council in special cases. A variety of pro-

visions as to details will be found in the law.

(IL)

—

Additional Information relating to Mines in Nova
Scotia.

Coal.—According to the Report of the Chief Commissioner of Mines for

1867, the total yield of coal in Nova Scotia has fallen off from 601,302 tons

in 1866, to 482,078 tons in 1867. Tiiis diminution is attributed solely to

the derangement of trade relations with the United States, consequent on

the abrogation of the reciprocity treaty. Unless these relations shall be

re-established, other markets must be found, or manufactures must be

established capable of consuming the coal within the colony. It is much
to be desired that the attention of British capitalists should be directed to

the openings for profitable investment in mining and manufacturing industry

in Nova Scotia. Under any probable contingency as to the future political

relations of the colony, such investments would be safe, and would probably

increase in value.

1. The " Drummond Mine^^ of the Inter-colonial Company, East River of
Pictou.—The explorations recently made by Mr Barnes, for the tracing of

the outcrop of the main seam, have proved the undisturbed extension of the

outcrop for more than half a mile to the south-west of the original opening,

with every prospect of its still further continuation. According to Mr
Barnes, there is now immediately available on this property an area of 480

acres of this great seam, having a vertical thickness of sixteen feet of the

best quality of coal, and of course a similar or larger area of the underlying

seams. The Company are now vigorously pushing forward the construction

of a railway and the opening of the mine by two slopes driven from the

outcrop, with the view of shipping on a large scale.

2. General Mining Association, East River of Pictou,—One of the two

new shafts sunk by this company to the dip of the eastern part of their

workings, is stated to have reached the main coal at a depth of 840 feet.
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Thid is the deepest shaft in Nova Scotia. The coal penetrated by it is

stated to be of good quality, so that in a short time it may be anticipated

that the already extensive workings and large produce of this mine will be

greatly increased.

3. Mabou Coal-field.—Professor Hind has recently reported on the areas

of Coal formation rocks between Mabou Harbour and Cape Mabou, referred

to at p. 404, supra. I am informed by the proprietors of the mine that the

Report shows the existence of the ends of two troughs or basins of coal-rocks,

exhibiting four groups of beds, in two of which the thickest beds are three

feet in thickness respectively. In the third there is a bed thirteen feet in

thickness, and in the fourth a bed eight feet in thickness. There is also a
layer of cannel coal supposed to be valuable. These, with the Coal

measures of Port Hood on the south, and Chimney Corner on the north,

show the extension of productive Coal measures at intervals along the

western coast of Cape Breton, while it still remains to be ascertained

whether other valuable areas do not exist furtiier inland between the shore

and the south-west branch of the Margarie River. One peculiarity of the

Mabou Coal beds appears to be that their outcrops are unusually near to

those of the Lower Carboniferous gypsum.

4. Merigomish Coal Company, Pictoii.—Reports made by Mr Rutherford,

Mr Barnes, and Mr Robb, upon the property of this company to the east-

ward of the East River of Pictou, show that several workable seams of coal

overlie the main seam in this locality : a fact not apparent on the west side

of the river. Mr Robb mentions as occurring at a distance of about one-

third of a mile horizontally from what is regarded as the outcrop of the

main seam, two beds of the tiiickness of five feet six inches and four feet

respectively, and about fifty feet apart vertically. Two other outcrops of

the tiiickness of four feet two inches and three feet six inches, occurring on

these areas, are supposed to be a still higher level, though they may possibly

be the same. They are associated with a bed of oil-coal or earthy bitumen.

Tiie exact thickness of measures thus overlying the main seam is not certainly

known, but the facts ascertained would seem to imply an important upward
extension of the productive Coal measures, which may greatly add to the

value of the areas east of the East River, and, as will appear under the fol-

lowing head, may have a bearing on the probable value of the coal beds lying

to the north of the great conglomerate.

5. Prospects north of New Glasgoio,—The facts above .stated for the first

time enable me to suggest the probability that valuable discoveries of coal

may be made in the extensive district lying between the New Glasgow

conglomerate and the harbour of Pictou. If the upper beds above mentioned

can be identified with any of those north of New Glasgow, then it is possible

that these upper measures may there overlap the lower and more valuable

beds, or that the outcrops of these latter may be concealed by faulting and

denudation along the line of the conglomerate. 'Jhe facts at present in my
possession are not sufficient to warrant any confident statements on this

point; and while it is possible that very limited explorations might suffice

to settle the question, it is also possible that great difficulties may be opposed

to its satisfactory solution, by the nature of the ground and the relations of

the beds. The subject is, however, one deserving of attention, in view of
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the new light cast upon it by recent diRCOverics. I may add, that on the

supposition of sucli northern extension of tlie productive Coal measures,

it may be anticipated that, in accordance with tlie ideal sections on p. 325,

the beds north of the conglomerate will be less massive than those in

the southern trough. It must also be observed in connexion with this,

that the dips in the northern part of the section (Fig. 136) are somewhat

exaggerated.

(5. Victm-in Mine, Low Point, Cape Breton.—This mine, on the south side

of Sydney Harbour, presents the first instance in Nova Scotia of coal-mining

in areas below the sea ; though in the North Sydney Colliery, the main

seam has been pursued for some distance below the Harbour. Tiie suc-

cessful working of this new mine on a large scale will be an interesiing

feature in our coal-mming, and may lead to other adventures of similar

character.

7. Gold,—The Report of the Commissioner of Mines shows a total yield

for the year ending September 18G7 of 27,583 ounces. This amount gives

an average of not less than $2, 44c., or about 9s. 9d. sterling per day, for

each man employed. It is to be observed in connexion with thi.s, that the

methods of extracting the gold, especially when associated with compounds

of sulphur and arsenic, are by no means perfect, and that the economy of

labour is not so great as it might be in workings on a larger scale. These

facts, with the numerous new discoveries reported, confirm the opinion

expressed in the text, that the gold-mining of Nova Scotia is capable of

profitable extension far beyond its present limits.

In the past year, the Renfrew and Sherbrooke districts hare been the

first in point of production ; and among new localities likely to be of

importance, are mentioned, Musquodoboit, the Middle and East Rivers

of Sheet Harbour, Mosher's River, Scraggy Lake, Ship Harbour, Upper
Stewiacke, and Gold River.

(I.) Structure of Northern Cape Breton.

I inadvertently omitted in the text to give a (nummary of the facts in

regard to this district ascertained by Mr Campbell in his exploration in

1862, and now quote his general description of the region, which presents

several points of interest not previously known.
" To tiie Gulf of St Lawrence, on its north-Avest side, it presents a bold

front of rounded or conical mountains, united at their base, and appearing

like buttresses supporting the table lands of the interior on their flanks.

They attain, at some points, an elevation of fifteen himdred feet above the

sea level ; and their general outline is softened and the landscape rendered

beautiful by a dense covering of hardwood forest, by which they are clothed

from their base to their summits.

" The greater part of the district is encircled by a rampart of similar

mountains, more or less rounded in their contour ; and where they hap-

pened to be stripped of their covering of forest, by the ravages of fire, they

appear as naked cones of crumbly red feldspar rock, which is the prevailing

igneous rock of the district, and that from which the principal part of the

soil is derived. Hence, no doubt, its extraordinary fertility.

Vi
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"Viewed from the interior, these mountains appear but little elevated

above the general level of the country, which in its main aspects appear.s

comparatively level, although cut by deep valleys and narrow defiles along

all its water-courses.

" Wherever bottom-lands or intervale occurs in the valleys, the soil is

remarkably rich. This is evident from the heavy growth of healthy-looking

timber they produce, consisting principally of maple, birch, beech, and elm,

with occasional oak-trees of large size, and well adapted for staves or ship-

timber.

" I observed some elm trees as much as four feet diameter, and as straight

and tall as any I ever saw in the forests of Canada or the tjouth-westeni

States,

" Most of the steep slopes are also heavily timbered ; but on the table-

lands the forest is much lighter, and chiefly composed of spruce, lir, and

hardwood mixed. The soil generally appears to be good, and comparatively

free from stones.

" Considerable tracts of the higher or table-lands are occupied by peat

bogs, which will, no doubt, some time hereafter, \)To\e of great value, as

they are capable of yielding an unlimited supply of tliat description of fuel,

of the finest quality.

" The surface of these peat-bogs presents the appearance of gently-sloping

planes of elliptic form, having deep circular basins at their highest points,

full to their brim of clear, icy cold water. These basins are no doubt fed

by springs from below, and they appear indispensable to the accumulation

of any great depth of peat free from earthy matter.

" The geology of this district bears a very close resemblance to that of the

Cobequid Mountains; but the brown feldspar rock, or syenite, which is

here the predominant intrusive rock, differs from the syenite in the Cobequid

Mountains, in having much less quartz and hornblende in its composition,

and it is of a more crumbly and perishable nature. On this account the

soil of the district is chiefly composed of it.

" The other hitrusive rocks are occasional dikes of porphyry and trap ; true

granite behig very scarce if at all present. The prevailing stratified rocks

are the newer clay-slate, or Upper Silurian rocks, and Devonian, or Lower
Carboniferous rocks—-all metamorphosed to a higher degree, and nmch
more disturbed by igneous masses and dikes, than is observed in any other

section of the Province.

" To make out the geological structure of the district on the large scale

is not, however, a Aery difiicult task, because extensive sections of the

rocks are exposed ah)ng the seashore, and in the channels of some of the

rivers. The same ^^eneral arrangement of the strata in parallel folds

appears to be the most important feature of its structure ; but the strike

of the rock incUnes more to the northward and southward than I observed

anywhere else—being N. 20° E., S. 20° W. ; as a general rule the greatest

amount of inclination I observed was, N. 15° E., S. 15° W. This brings

the strata obliquely to the Gulf Coast line, which has a general course of

about N. 40° E., S. 4C° W., afibrding an excellent opportunity for observ

ing the phenomena prasented by the different groups along their lines of

contact."
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APPENDIX.

(K.)

—

Fossils of the PALiEozoic Rocks.

Clasaijication of Fossil Ferns.—In the text I have not departed from the

ordinary arrangement, based on form and venation, though I have studied

with much interest the arrangement of Goeppert and of other German
Pala:obotanists, based on the fructitication as far as known. Since I could

not, however, apply this system throughout, I have thought it better not

to attempt to do so in part ; and have merely referred to any traces of

fructitication observed. I had hoped, before publishing the lists contained

in this work, to have had the benefit of Schimper's revision of the species

in his forthcoming " Traitd de Palajontologie Vlg^tale ;
" but this work has

not reached me up to the time of writing these lines.

Carboniferous Shells,—Since writing the paragraphs on these, I have

Been Gcinitz's " Memoir on the Carboniferous and Permian of Nebraska

"

(Nov., Acta, 1867). Among several identical species and closely allied

forms in that distant region, I observed a shell referred to Area striata,

Schlot, which closely resembles the young of my Macrodon Hanlhigi,

though probably distinct. Mr Meek, however, in a recent criticism of

Professor Geinitz's paper, identities this and others of his species with forms

described by American authors.

Silurian Land Plants.—The oldest land plants as yet found in Britlsl'

North America are the llhizomes of Psilopltyton, referred to in the text as

occurring in the Upper Silurian (Lower Helderberg) of Gasp6. I observe,

however, that Professor Geinitz announces the discovery in Germany of

a Lejndodmdron and a Stemhergia, or plants resembling these, in rocks

believed to be Lower Silurian ; and mentions that Barrande has made a

similar discovery in Bohemia. The specimens would appear not to be of

a very decided character ; but the discovery, if confirmed, is very impor-

tant, and would modify the statements in the text as to the oldest land

Flora.

Fossilsfrom Northern Queen^s County.

At page 617, I have mentioned the occurrence of fossils in this district,

and the probability that rocks newer than the Lower Silurian occur in it.

I have recently been enabled, by the kindness of Mr Poole and of Mr Kelly

of the Department of Mines, Halifax, to examine a small collection of fossils

procured by the former gentleman in Brookfield from loose masses. Both

in mineral character and in the contained fossils, which are, however, very

obscure, these specimens resemble the Lower Devonian rocks of Nictaux

;

and unless they have been drifted from the northward, would tend to confirm

my conjecture of 1855, that " more modern rocks than those of the Atlantic

coast may be expected to occur" in this district, and, consequently, that

the distribution of the formations in this little known region in the western

part of Nova Scotia, may be considerably different from that indicated on

the map.

(L.) HuRONiAN OF New Brunswick.

Mr G. F. Matthew has communicated to me some observations on these

M
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rocks near Qnaco, showing that the lower part of this series in that region

consists of red syenite, felsite, and granulite, not heretofore recognised as

sedimentary rocks, and that tlie full series will be as follows, in descending

order :

—

Red sediments of comparatively small thickness (No, 5 of Mr Matthew's

paper on these rocks).

Dark-coloured trap-slate rocks of great thickness, parted about midway
by a rusty-coloured calcareo-arenaceous band charged with iron and

manganese (Nos. 2, 3, 4, of paper cited).

Red felspathic rocks of great thickness resting on the Laurentian

series.

Mr Matthew suggests the possibility that the red felspathic rocks in the

great Lower Silurian band of Northern New Brunswick, marked on the

map as eruptive rocks, may be really representatives of these Iluronian

beds rising from below the Silurian.

Mr Matthew has also recognised in the Iluronian of New Brunswick

concretions similar to the bodies from the " Lower Taconic " of North

Carolina, described by Emmons under the name of Pakcotrochis.

(M.) LowKR Carboniferous of Southern New Brunswick.

Mr G. F. Matthew has communicated to me the following sectional list

of the lower Carboniferous beds in Eastern King's County, New Brunswick,

in descending order :

—

8. Reddish-brown arenaceous shales and red sandstone.

7. Upper conglomerate (Kennebeckasis conglomerate), hard and massive

beds.

G. Blight red sandstone and brownish-red shales and sandstones (brine

springs rise from these beds).

5. Gray sandstones, flags, and dark gray shales (bituminous), Cyclopteria

Acadica and Lepidodendron corrugatum.

4. Conglomerate, limestone, gypsum, and dark gray shales (bituminous),

Terchratula sufflata, etc., Cycloptens Acadica, Lepidodendron cor-

rugalum.

3. Lower con'jlomerate, hard and massive beds.

2. Break in section (probably shales).

1. Basal conglomerate.

These beds vary considerably in tracing their line of outcrop. More
especially the lower members thin out toward the west, where the Lower

Carboniferous bay terminates between the spurs of older rocks, while in

the same part the area the upper members become increased in thick-

ness. Toward the wider Carboniferous area on the east, some of these

upper members are reduced or change in character.
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