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,

Coloured covers/
Couverture de couleur

Covers damaged/
Couverture endommagée

Covers restored and/or laminated/
Couverture restaurée et/ou pelliculée

Cover title missing/
Le titre de couverture manque

Coloured maps/
Cartes géographiques 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/
Relié avec d'autres documents
- Tight binding may cause shadows or distortion
v along interior margin/

La reliure serrée peut causer de I'ombre ou de la
distorsion le fong de la2 marge intérieure

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

il se peut que certaines pages blanches ajoutées
lors d’une restauration apparaissent dans le texte,
mais, lorsque cela était possible, ces pages n‘ont
pas été filmeées.

Additional comments:/
Commentaires supplémentaires:

L'Institut a microfilmé le meilleur exemplaire qu‘il

lui a été possible de se procurer. Les détails de cet
exeraplaire qui sont peut-étre uniques du point de vue
bibliographique, qui peuvent modifier une image
reproduite, ou qui peuvent exiger une modification
dans la méthode normale de filmage sont indiqués
ci-dessous.

Coloured pages/
Pages de couleur

Pages damaged/
Pages endommagées

Pages restored and/or laminated/
Pages restaurées et/ou pelliculées

Pages discoloured, stained or foxed/
Pages décolorées, tachetées ou piquées

Pages detached/
Pages détachées

. Showthrough/

Transparence

Quality of print varies/
Qualité inégale de V'impression

E Continuous pagination/

Pagination continue
Includes index(es)/
Comprend un (des) index

Title on header taken from:/
Le titre de I’en-téte provient:

Title page of issue/
Page de titre de la livraison

Caption of issue/
Titre de départ de la livraison

Masthead/
Générique (périodiques) de la livraison

This item is filmed at the reduction ratio checked below/
Ce document est filmé au taux de réduction indiqué ci-dessous.

10X 14X 18X 2X 26X 30X

12X 16X 20X 24X 28X

32X




THE

CANADIAN NATURALIST

AND

Quavterly Jowenal of Seiener,

THE PROGRESS OF AMERICAN MINERALOGY.

By G. J. Bresy,
(Address of retiring President before American Association for the Advancement
L. of Science. Montreal, August 25th, 1882). .

The change in the constitation cffected at our last meeting,
extending the scope of the Association and dividing it into nine
sections, each with a Vice-President, whose duty it is to deliver av
an address to the section over which he puesides, has relieved the
retiring President from attempting a general review of the pro-
gress of science during the past year. I turn, therefore, to a
more special subject, and invite your attention this evening to a
sketch of the progress of American Mineralogy since the com-
mencement of this century, with particular reference to the
labors of some of the early workers in the science on this conti-
nent. During the last quarter of the eighteeath century, while
great activity existed and rapid advance was made in the study of
chemistry and mineralogy in Europe, almost nothing was accom-
plished in this new country. It is true that students in other
departments of science, especially members of the medical pro-
fession in the citics of Philadelphia, New York and Boston,
attempted to arouse an interest in mineralogy, believing that the
diffusion of a knowledge of this science would be of the utmost
importance in the material development of the country. There
were, however, no text-books to aid the inquirer. There were
no collections of minerals to stimulate the student. In the ab-
seace.of these it was almost impossible that an interest in this
science should be fostered, or that a spirit of investigation should
be awakened. As the first distinet beginning of the science, L
Vor. X. U2 No. 6.
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may. mention an association formed in 1798 in the city of New
York, which assumed, as they expressed: it, ¢ the ame and style
of the American Mineralogical Society.” It announced as its
object “ the investigation of the mineral and fossil bodies which
compose the fabric of the glabe, and more especially for the
natural and chemical history of the minerals and fossils of the
United States.” The distinguished Dr. Samuel Latham Mitchill,
who seems to have been a man of universal genius, wus at once its
first President, its librarian and its cabinet-kceper. The com-
mittee of the society issued a circular in which, while expressing
themselves, ‘“desirous of obtaining and diffusing by every means
in their power a correct and extensive knowledoe of the mineral
treasures of their country, they earnestly solicited their fellow-
citizens to communicate to them on all mweralomcul subjects, but
especially on the following, viz..—
¢ Concerning the stones suitable to be manufactured into gun-

flints: where are they found ? and in what quantity? 2. Con-
cerning native brimstone or sulphur or the waters or minerals
whence it may be extracted? 3. Concerning saltpetre: where
(if at all) found native? or the soils which produce it in the
United States? 4. Concerning miues and ores of lead: in what-
places? the situation ? how wide the vein? in what kind of rock
it is bedded.”

- This warlike demand seems to call more-for the discovery of the
materials for national defence than for the advancement of science,
and besides being a commentary on the spirit of the times, gives
a rather humorous impression of their strangely inadequate con-
ception of the science of mineralogy, and its possible bearings on
practical life, but in justice to them I should add that it is further
apnounced that “ specimens of ores, metals, coals, spars, gypsums, .
crystals, petrifications, stones, carths, slates, clays, chalks, lime-
stones, marbles and every fossil substances that may be discov-
ered or fall in the way of a traveller, which can throwlight on
the mineralogical history of America, will be examinéd and:ana-
lyzed without cost, sufficient pieces, with the owner's leave, being
reserved for placing in the Society’s collection.” I have quoted
the circulur. almost verbatim to give you someidea of the genuine
though crude. longings.for knowledge felt by our early mireralo-
gists, and also of the generous spirit-in;which they worked. A
still more forcible picture of -the-ignorance of. the time is.given
by the elder Professor Silliman in 1818, « Notwithstanding:the
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laudable efforts of a few gentlemen,” he says, ¢ to excite some
taste for mineralogy, so little had been effected in forming col-
lections, in kindling curiosity aud diffusing information, that only
fifteen years since (1803), it was a matter of extreme difficulty’
to obtain among oursclves even the names of the most common
stones and minerals; and one might inquire earnestly and long
before he could find any oue to identify even quartz, feldspar or
hornblende umong the simple minerals, or granite, porphyry or trap
among the rocks. We speak from experiencd, and well remember
with what impatient, but almost despairing curiosity we eyed the
bleak, naked ridges which impended over the valleys and plains
that were the scenes of our youthful excursions. In vain did we
doubt that the glittering spangles of mica, and the still more
alluring brilliancy of pyrites, zave assurance of the existence of the
precious metals in those substances, or that the cutting of glass
by the garnet and by quartz proved that these minerals were the
diamond ; but if they were not precious metals, and if they were
not diamonds, we in vain inquired of our companions, and even
of our teachers, what they were.” Such, then, was the state of
knowledge in mineralogy here at the commencement of the cen-
tury. A few American minerals, collected by travellers from
time to time, had before this been taken to Europe for identifi-
cation, but among these were discovered only two minerals new
to science. The Moravian missionaries found at St. Paul, in
Labrador, the beautiful species of feldspar called by Werner
Labradorstein, which in more modern times we know under the
name of Labradorite. Klaporth, the most eminent analytical
chemist of his time, discovered that the so-called fibrous barytes
from Pennsylvania was the sulphate of the then newly discovered
earth strontia. He thus, for the .irst time, identified the mineral
species celestite which was subsequently found in various locali-
ties in Europe. Although little had been accomplished in. Amer-
ica previous to 1800, the first quarter of the new century was
destined to show great development here in the study of miner-
alogy. During the early years of this quarter several collections
of European minerals were brought to this country by American
gentlemen, who had availed themselves during a residence in
Europe of the best opportunities for acquiring a knowledge of the
science from the great masters of the subject in Germany and
France. About this time also several colleges in the country had
instituted chairs of chemistry and mineralogy, and a commence-
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ment was thus made in teaching these sciences in the higher
schools, As the result of these influcnces the number of persons
interested in mineralogy was largely incressed, ond an active
search for minerals was initiated throughout all of the older
United States and to a considerable extent also in Canada, So
energetically were these cxplorations followed up that in 1826 a
Catalogue of American minerals was published by Dr. Samuel
Robioson, with their localities arranged geographienlly, and giv-
ing only such us were known to exist in the United States and
the British Provinces. It formed an octavo volume of over three
hundred pages. That much credit was due to mavy workers
during this period, both iu the field and in the laboratory, there
«can be no questioz. but among them all I find four men standing
forth so prominently as leaders that I have thought that it would
be well for us to recall briefly something of the character of these
men and their labors tor the advancement of mineralogy in this
country. First among these I will mention Dr. Archibald
Bruce. He was the son of Dr. William Bruce, a surgeon.in the
British army, and was born in New York in 1777. - He was
graduated at Columbia College, subsequently studied medicine,
and in 1798 went to Edinburgh, where, in 1800, .he obtained:-
his doctor’s degree from that University. He was early
interested in natural science, and while still in college found, his
biographer says, “the collection and examination of minerals—
a pursuit not then at all attended to in this country—was his
particalur relief from other studies; for even during his recrea-
tion he was ever on the lookout for somethm" new or msr,ructmrr
in mineralogy.” ¢ .
When be weat to Europe he took with him a Jarge number of
Amecrican minerals, aud through exchanges with' institutions and
prominent mineralogists abroad, he established friendly relations
with those most interested in his favorite science. .After the
completion of his medical studies, he travelled for. two yeurs on
the continent of Europe, making the acquaintance of the Abbé
Haiiy, and other eminent miveralogists, and collecting an exten-
sive.cabinet of valuable minerals, which on his return.to.this
country in 1803, he brought with him to New York.* -This col-
lection, with another -brought-to New York about the:same time
by Mr. B. D. Perkins—both being made fully accessible to-all
interested in seeing them—contributed, it was said, more than any,
agencies had ever done before, to excite in -the public an-active
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interest in the science of mineralogy. Besides this Dr. Bruce
cntered into extensive correspondence with others interested.in
the subject, was active in visiting and discovering new mineral
localitics, and in advising, encouraging and inspiring young min-
eralogists, Finally, after well considering the matter, he estab-
lished the first purely scientific periodical ever published in
Ameriea,  This was called the American Mineralogical Journal,
and the first pumber of it was published in 1810. It contained
original contributions, chiefly on mineralogy, from a number of
investigators, ¢TIt was received,” says the elder Silliman, “in
this country and in Europe in a flattering manoer; it excited at
home great zeal and effort in support of the sciences which it
fostered, and abroad it was hailed as the harbinger of our future
exertions.” But alas! it was in advance of the age, and after
struggling for several years was given up on the publication of
the fourth number. Possibly it would have continued longer had
it not been for the failing health of its founder. This journal
contained several important papers by Dr. Bruce, amoog them
the investigation and description of two new mineral species,
the native magpesia of Hoboken und the red zioc oxide of Sus-
sex Co.; New Jersey. These are the first American specimens
deseribed by an American miveralogist. So thoroughly was the,
work done by Bruce, that three species remain to-day essentially
as-he deseribed them, and his papers may well bestudied by
mineralogists now as models of accuracy and clearness of state-
ment. Dr. Bruce did .much also-for the clevation of the medical
profession, was one of the founders of the New York Medical
Society, and was- largely. influential in obtaining the charter of
the College of Physicans and Surgeons, in which he was subse-
quently the Professor of Materia Medica and Mineralogy. Heis
described. as a successful teacher, a mun of wide acquirements
and of great integrity, which qualitics w1t.h abounding generosity
and hOap}tdllty, commanded. .the respect.and: regard of ail who
koew him. It wasa great logs to science and to his country
that so able an investigutor should have been cut off at the ecarly
age-of: 42. He died in New York, Feb. 24, 1818. ,

I have mentioned that the'importation and exhibition of col-
lections of, minerals from Europe had«contributed. much to excite
an interest.in the study of miveralogy. It wasnecessary-to have
known. minerals for study and comparison in order.properly to
determing those obtained by exploration here. In 1805; Colonel
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George Gibbs, of Rhode Island, for many years a vesident of
Europe, returned from his travels with « collection of minerals,
the most extensive and: valuable ever brought to America. Colo-
nel Gibbs was a zealous cultivator of mineralogy, and, fortun-
ately for science, a young ‘man of weal*h. He used his money
freely for the purchase of whole cabiunets, as well as in personal
explorations in search for minerals. ‘The larger part of his col-
lection was made by the purchase of two famous European cabi-
nets, one from the heirs of Gigot d’Orey, a noted French collector,
and said to be the result of forty years’ labor, the other from
Count Gregoire de Razamowsky, 2 Russian nobleman, long resi-
dent in Switzerland. D'Orey’s cabinet numbered over 4,000
specimens, chiefly from France, Germany, Italy, and Great
Britain; Razamowsky’s contnined about 6,000 specimens from the
Russian empire and the remainder principully from Germany and
Switzerland ; in all, with the other collections made by Colonel
Gibbs, it is said that more than 20,000 specimens were brought
by him to this country. In 1807, a portion of the collection was
opened in Newport, and many interested in mineralogy made
piigrimages there, to view the treasures it contained. Among
others was Professor Silliman, who states in his diary that he
speut many weceks in studying the miuverals with Colonel Gibbs,.
finding in the latter “a scientific friend and a professional instrue-
tor and guide.” That Colonel Gibbs reciprocated Professor Sil-
limav’s feelings of friendship there ean be no doubt, for after
various offers to deposit his collection for exhibition in Boston,
New York and elsewhere, to the great surprise of Professor Silli-
man he proposed to open the cabinet at Yale College, provided
rooms should be fitted up for its reception. The proposition was
promptly respouded to by the authorities of the college, and in
1810, 1811 and 1812, uader the personal supervision of Colonel
Gibbs, it was opened and arranged, and generously placed at the
disposition of the institution and the public. The opening of
this collection in New Haven formed an important epoch in the
history of the college, and gave a powerful impetus to science
throughout the country. It was not only studied by the pupils
of the college, but it was visited by travellers from all parts of
the United States. In 1825, the collection had for fifteen years
been exhibited without any advantage to the owner, other than
the satisfaction of observing the great amount of good which was
cffected by the knowledge it dissemivated, and the cnthusiasm
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with which it inspired studeuts. Colouel Gibbs then offered the
whole for sale, giving the college the preference as purchaser.
Fortunately and mainly through the influence of Professor Silli-
man, the institution succeeded in raising the funds ($20,000)
neceseary for its purchase, and the ownership of this collection
has exercised a most important influence in the development of
patural science at New Haven. Colonel Gibbs, however, did not
confine himself to the collection of minerals in Europe. On his
return to this country he made extensive journeys and opened up
new mineral localities, giving his time and specimens freely to aid
others who were interested in this special study. At Yale, a5 an
incentive to students, he for many years offered prizes for superi-
ority of attainments in mineralogical knowledge and for services
rendered to the seience by useful discoveries und observations. He
published valuable papers both in the American Mineralogical
Journal and the American Journal of Science, and did much by
his counsel and co-operation to support these publications. Indeed,
it was from Colonel Gibbs that Professor Silliman first received
the suggestiou that he should institute a new journal of science,
in order that the advantages already gained by the short-lived
mineralogical journal right be secured and further progress for
science might be made. In every way Colonel Gibbs proved
himself a liberal patron of science, and it was most fortunate for
the promotion of rsineralogy in this country that he should so
unselfishly have devoted his wealth and his personal influence to
its advancement, He died August 5th, 1833, aged 57.

Much as had been accomplished by the free exhibition of cabi-
nets and the explorations and investigations of enthusiastic
workers in mineralogy during the years from 1805 to 1815, a
great drawback was now felt to the progress of the science from
the want of text-books. DMost of the literature of the subject was
in German and French, but the works of the German and French
authors had not then been translated and consequently were ac-
cessible only to the few who were acquainted with these lan-
guages. In English there were not many treatises on the subject.
That by Richard Kirwan, the eminent Trish mineralogist of the
last century, was a renowned work in its day, but, as the last
edition of it hau been published in 1794, it was already too old
to be of much service to the student. Jameson’s treatise was
more receut (1804), but its great fullsess and exclusive de-
votion to the Wernerian system made it an undesirable book for
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beizinners, aside from the fact that its price was such that Fw
students in those days could afford to buy it. So much progress
had bten made at Home and abroad, that a work was needed
here which should include the modern discoveries, and oue also
‘which should gather up the scattered: facts alveady published: in
regard ‘to Ameriean minerals. + Fortunately for the further pro-
gress of science in this country this was done by Profesior
P.uker Cleaveland. His work was published in 1816; and-was
entitled “An Llement'lry Treatise on Mineralogy and Geology.”
Professor ' Cleaveland was professor of* mitliematics and natiral
phx]osophy in Bowdoin College, and like many othier- profe«sozs’of'
seienicé in the carly history of. American edlleges: was charged by
the tiustees to lecture-alsoon mineralogy aud chem\qtry He wis
an' enthiisiatic student of mmemlog ', was well acquaiited with
the literature of the sciencé iu various Ianv.lave-, had been-ai
sucedssful teacher of the subjeet for many years, and withal was
beth di explorer and investigatoy;and held intimate relations
with the leading mineralogists of ‘the day:-* The work was med-
elled on the general plan of *Brongniart, combining the excellen:
cies of 'both the French-and-German schools, and gave in detail
almost cverything ‘their known-in regard:to American minerals:
It supplied the pressing/need for-u thorough, systematic and
‘American treatise on ‘mineralogy, well suited to all classesiof
students, and it was-written -in such a masterly style that it.won
for its author the-highest-praise from the-leading mineralogists of
the world. It brought;” says Professor Silliman, ¢ within-the
reach of the American Student, the excellencies of Kirwan,
Jameson, Haiiy, Brocharit, Brongniart and Werner, and we are not
ashamed,” he says, “to have this work -compared with those of
these celebrated-authors.”” His biographer stutes that ¢ he-received
letters of 'respeet add -congratilation from Sir David Brewster,
Sir Huimphrey Davy and- Dr MeCulloch, in -England ; from Ber-
zelius in Stockholin ; German -of Halle; from Bronn'murb Biiron
Cuvier and the Abbé Haiiy, in Paris.” ~ The work at once:took
rank as one of the leading authorities on-the science; and was in-
troduced as a clasé-book in-the principal schools and colleges.in
America. The firstedition was soon exhausted and a'new and
revised edition With’moie than a2 hundred - pages of new matter
was published in 1822: The demand wis so-great: that: thislike:
wise was soon out‘of -print and @ third’ edmon was called:for-by
the publlc, but Professor Cleaveland had -ibout this tithe become
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50 engrossed in the administration of the affairs of the new medi-
cal school at Brunswick that he was unable to respond to the
call, having turned his thoughte znd cfforts in new directions.
Unfortunately for the science of mineralogy, in which he had
obtained such eminence as an author and teacher, he no longer
contributed actively to its progress, although he continued his
work as lecturer ou the science so long as he lived. He died
October 16th, 1859, in the 79th year of his age.

The last to be mentioned of these early leaders is Professor
Benjumin Silliman. His name is so intimately associated with
the progress of scicnce on this continent during the first half of
the present century, that his life-work is more or less familiar to
all.  But the important service he rendered in the early history
of mineralogy deserves especial recognition here, not only for the
work he himself did in the luboratory and the field, but because
his enthusiasm and zeal were u constant iuspiration to others.
Commencing with the historic “candle box” of unlabelled
stones which he took to Dr. Adam Seybert, of Philadelphia, to
be numed, he began with enthusiusm the acquisition of know-
ledge and the gathering of material to illustrate the wmineral
kingdom. During a residence in England and Scotland in 1805.6
he had opportunities to add to this information and collect many
specimens, chiefly from the mines of Derbyshire and Cornwall.
Ou his returpeto America he at once applied the knowledge he
had acquired in making an exploration of the mineral structure
of the environs of New Haven, and read a paper on this subject
to the Ceonecticut Academy of Arts and Seciences in September,
1806. Io the following year he induced the corporation of the
college to purchasc the mineral colleetion of Mr. B. D. Perkins,
of New York (alrendy referred to), for one thousand dollars,
thus placing the institution in possession of means for illustrat-
ing the science of mineralogy far in advance of anything it had
before enjoyed. The uceurrence of the fall of the Western
Meteorite in December, 1807, offered an opportunity for Professor
Silliman to undertake, in connection with his colleague, Profes-
sor Kiogsley, an investigation into the circumstances of the phe-
nomeoa, and the character of the stones which fell at that time.
The results of this investigation were presented to the American '
Philosophical Society and published in the American Philosoph-
ical Transactions in 1809. The diligence employed in obtain-
ing all the fucts possible from eye-witnesses of the occurrence,
Vou. X. v No. 6.
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and the eare and skill shown in the chemical and mineralogieal
examination of the meteorite made this paper one of the most
remarkable memoirs of the time, and attracted the attention of
philosophers throughout the world. As already stated, it was the
personal enthusiasm and magoetic influence of Professor Silliman
which led Colonel Gibbs to deposit his great cabinet of mine-
rals in New Haven, under the eare of his friend. It was due to
the same qualities in Professor Sillimaun that the college secured
the permanent possession of this invaluable collection, which pro-
bably has done more to create an interest in and disseminate a
knowledge of mineralogy in this country than any other single
ageney.  The establishment of the American Jowrnal of Science
in 1818, now everywhere recognized us of inestimable value to all
depurtments of science, was peculiarly helpful to mineralogy, and
the carly volumes are rich in articles on this subject. Professor
Silliman's original contributions to scicnee were more in chemis-
try and geology, but he also is the author of several importans
papers on mineralogy, and was the discoverer of the oceurence of
native tungstic acid as a minera) species.  For more than fifty
years he continued s a teacher in Yale college, and when he re-
sizned his professorship, in 1853, he had the satisfaction to have
as his suceessor in the department of mineralogy und geology
Professor James D. Dana, who was aiready among the foremost
mineralogists of the duy, and whose published works, before and
since his accession to this professorship, have done so much for
the advancement of mincralogy.  Professor Silliman retired from
his active labors in his seventy-fourth year, still v full possession
of his remarkuble physical and mental powers, and lived honored
und revered until November 24; 18G4, when he passed to his
rest.

It will be inferred from what has been said of these pioncers
that the developmenis aud discoveries of minerals, during the first
iwenty-five years of the ecentury, were due entirely to individual
<othusiasm and private enterprise.  Up to this time vo aid had
been reccived from cither State or National Governments, and in
lookiug over the work accomplished during this period we are
filled with wonder and admiration at the energy and rave devo-
tion to seience cxhibited. The larger portion of the continent
was an unbroken wilderness, and the facilities of communication
cven in the scttled parts of the country were of the most primi-
tive character.  Yet at the present day with our means of rapid
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transportation, many naturalists would hesitate to undertake the
long journeys then made for purely scientific purposes. Geolo-
gists us well as mineralogists will recall how much science is in-
debted to such men as William Maclure, James Pierce, Thomas
Nuttall (the botanist), and others who made extensive trips
through the whole territory east, and in-some instances, to the west
of the Mississippi river. Maclure not. only devoted his time and
money to making and publishing & geological survey of the
United States and Canada, the first report of which was made in
1809, but to him the Academy of Natural Sciences, in Phila-
delphia, owes its first endowment. I shall be pardoned, T trust,
if T mention still another signal instance of private liberality in
this connection.  General Stephen Van Rensselaer, of New York,
a generous patron of science, defrayed all the expenses of a geo-
logical survey of the country adjacent to the Xrie canal, includ-
ing the making of a geologieal scetion from Luke Erie to the east-
crn coast of Massachusetts. This survey was under the charge
of Professor Amos Baton, with a competent corps of assistants,
and was continued for four years, from 1820 to 1824, at a cost of
many thousands of dollars. Gen. Van Rensselaer was also the
founder of the first school of technieal science in this country—
the Rensscler Polytechnic Institute, at Troy, which was placed
under the charge of Professor Baton. It may be interesting
Tere, in these days of Summer Schools. to recall, although paren-
thetically, that what was probably the first Summer Scheol of
Science in the United States was established more than fitty years
ago in connection with this institution. The school consisted of
a flotilla ol towed canal boats, and the route was from Troy to
Lake Erie. It took two months for the trip, aod visited all im-
portant points on the way. Instruction by lectures and examia-
ations was given in minecralogy, geology, botany, zoology,
chemistry, experimental philosophy and practieal mathematics,
particularly land surveying, harbor surveying and engincering.
Onue of the Jargest boats in the flotilla was fitted up as a labora-
tory, with cabinets in mineralogy and geology, and ulso scientific
books for reference. Students were taught the method of pro-
curirg specimens, aud were required to make coliections of what-
cver was interesting on the route. The public mind was finally
awakened to the importance of the work which these explorers.
and investigators had carried on single-handed.  Government.
now came to the aid of science. In 1824 one State legislature,
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that of North Carolina, authorized a geological survey to be
made. This example was followed in 1830 by Massachusetts,
and soon after by New York, Peunsylvania, Virginia and other
States, and alzo by the national goverament, until, as is now well
known, the whole territory of, the United States and Caoada
cither has been or is in the process of being surveyed. Several
of the State surveys published independent volumes on the mine-
ralogy of their respective States, and these surveys have been a
powerful auxiliary in extending our knowledge of the occurrence
of' minerals ou this continent. The opening of mines and quar-
ries throughout the country has also furnished abundaunt material
for study. The large number of original contributions which
have been published in the volumes of State surveys, the treatises
by American authors, and the still larger number of memoirs
and papers communicated to our academies of science and scien-
tific journals eannot be even enumerated in this place, neither is
it my purpose to attempt to give here a list of the names of those
who have been actively cngaged in' making rescarches on Ameri-
«can minerals.  Still less ean I attempt to give an account of the
work that has been and is being done by living mineralogists,
The sketeh which I have presented of the four typieal workers
has in a2 measure shown the character of our early miuneralogists,
the carnest spirit in which they Inbored, and what they accom-
plished in the first quarter of the century.  The point to which
the scienee has reached in the last quarter of the century cannot
be unfamiliar to yon all.  In the time that remains I desire to
«all your attention to some of the developments made in the field
in which our wmiuveralogists have worked. It was thought by
many scientists iv the first half” of this century that our rocks
scemed likely to afford less variety of mineral contents than the
rocks of Europe.  Further study, however, and more careful and
-extended observations encourage us to believe that owr mineral
riches, cven in variety of species, will compare favorably with
those of other continents.  Alrcady fully one-half of the known
mineral species have been found here.  The present number of
known minerals is variously cstimated to be from seven hundred
to one thousand. There have been deseribed, as occurring here,
nearly three hundred supposed new American minerals. Of these,
perhaps one quarter are new to science and the remainder bave
cither been proved to be identical with species already described,
or their characters are so imperfeetly given that further investi-
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gation is needed to ascertain what they’are.  Among these new
minerals are some of great interest to seience.  Time, however,
will not allow, even if your patience would permit me, to give the
facts in detail; but in justice to the deseribers of these aunounced
to be new, I will print, as an appendix to this address, as com-
plete a list as T have been able to make of' the nawes of the pro-
posed new American mineral speeies, with the names o their
sponsors. - The list will, I trust, be instructive buth as a warning
and an encoursgement. to investigators. The ambition to make
new speeies is recognized as a drawback in every departunent of
science, and mincralogy has probably not suffered in this respect
more than other sciences. Nor do I believe rhat American
mineralogists have, as a class, been less careful in deseribing new
species thas their Buropean confréres. There have beew flagrant
examples of carelessness in both hemispheres, and the growing
tendency during the last ten or fifteen years to call things uew
which have been only imperfecily investigated cannot be oo
strongly censured. < If two very simple rules,” saysa reeent
writer, “could be conscientiously followed by these investizating
supposed new mineral species, the science of mineralogy would he
vastly benefitted.  These are: first, that the waterial analyzed,
should in every cuse be proved by a carcful micioscopreal and
chémical examivation to be homogenous; and second, that the
thorough investigation which is to establish the position of a uew
=pecies’ should precede, not follow, the giving of a new name. A
miveral which can be only partially described does nen deserve a
name.”  Tn compuring the minerals found in Awmerica with those
of Europe, although interesting minor variations are observed, it
can hardly be expected that very marked differevces should exist.
This is, of course, due to the fact, that in the inoreanic kingdom,
natuve has everywhere to do with the sume clements, wader es-
seutially like conditious. A large number of remarkable analo-
aies between the minerals of the two continents will oceur 1o any
one faumiliar with the subjeet, as, for example; the character and
the oceurrence of individual minerals in the rocks of the novth-
castern United States and Canada as compared with those of
Norway and Sweden, and vumberless instanees of like association
of” minerals in various parts of Europe find their counterparts
hieve. A marked feature of' the American minerals is the grand
scale upon which erystallization has taken place, individual crys-
tals of large size being very common.  The granite veins of New
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Ingland afford striking examples of this kind.  We have com-
mon miey, in sheets a yard aeross; feldspar has been observed
where a single cleavage plane measured ten feet; giguntic hexag-
onal priswms of beryl, four feet loug and more than two feet in diam-
cter, and weighing over two tous, have been deseribed; spodu-
mene erystals six to seven feet in length and a foot or more
across, and masses of rock erystal of immense size have been
found. Canada and New York have given erystals of apatite,
phlogopite and sphene which for these species are of marvellous
crandeur in dimeusions. Mauy other Ameriean localities might be
mentioned where giant erystals oceur. While it is true that these
are extraordinary instances it is also true us a general fact common
to a very large proportion of the minerals found in this country
that the speeies occur in much larger crystals than those brained
from Buropean localitics. Another poiut worthy of note is the
oceurrence in comparatively farge quantities, and over wide areas,
of some of the rarer clements us constituents of the minerals
found. In illustration of this we llave, among the rare earths,
glucine combived with silica and alumina in the mineral beryl,
occurring in large quantity, and perhaps in a hundred or merve
places; zirconia, in the mineral zircon, is also very widespread in
its range of occurvence as un vriginal constituent of the older
rocks, as well as a vein miveral; Joealities are known which haeve
furnished this rare species by the hundredweight. The cerium
carths are fouund largely in the mineral allunite, which occars in
so many places that it may be said to be a common mineral in
the United States. These earths are also fouad in the rare
phosphate monazite, a mineral that in Awmerica has a wide
range of localities, and recently this species has been found in
crystals of two, three, and in oue iustance, of eight pounds in
weight.  Again, three vew carth metals, mosundrum, phillip-
fum wnd deciptum have been deseribed as occurring with the
cerium carths and yttriain the North Carolina sumearskite. The
rare alkali metal Zithium, sometimes associated with the still rarer
metals rubidium and caesiwm, is found not only of wide-spread
occureuce i our lithia micas, but the mineral spoduwmene, contain-
ing from five to cight per cent. of lithia, occurs by the ton in at
least one locality and must be looked upon as oue of the common
American winerals, being found in the grapite veins in Maine,
New Hampshire, Massachusetts and Conneeticut, and as fur
south as North Carolina and Georgia. Lithia is also ouc of the
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constituents of the phosphate triphilite, and there are several
Jocalities known where this mineral oceurs abundantly. Againe
we have the frequent oceurrence of some of the rure metals
which form metallic acids: Columbium, the first metal, new to
seienee, discovered in America, ussociated with its twin metal
tentuliam, is found in Columbite in our granite veins from Maine
to Georgia, a range of more than 2 thousand miles, in a score or
more of places, and sometimes is obtained by the hundredweight
in a single locality. The American variety of sumarskite, an-
other rare columbate has also been found in masses of fifty
pounds or more in weight, and these acids occur in still other
Ameriean species.  Holybdenwm, both as sulphide and in the
oxidized form as native molybdic acid and molybdate of lead, is
found in many localities, and occasiovally in large quantity.
Quite reeently vanadium compounds have been discovered in
several places, and fungsteates have also been observed over
wide range of country.  Pizantum has been found in enormous
quantities in extensive deposits of titaniciron as well asin the form
of ratele and in shpene.  The rare metal fellurium oceurs native
in Colorado and in one locality where single masses of twenty-five
pounds in weizht have been taken out, and several new tellurium
compounds have been found in our western wines. It is, per-
haps, unnecessary to coumerate more fully the many occurrences
of other rare elements in American minerals.  nough has al-
ready been said to show that important developments have been
made in the discovery and investigation of the minerals found
in our American rocks during the past cighty years. Neverthe-
Jess it is but a commeneement in the work.  Only a very small
portion of our territory has been explored with any thorough-
ness, and nove of it exhaustively. The enormous production of
the precious merals, and the extensive deposits of oves of the
more common metals which have been opened up during the past
twenty or thirty years, have placed us in tho front rank as metal
producers, but we are still far behind urope in the variety off
minerals obtained from our mines. This may be due, in some in-
stanees, to the character of the veins or ore deposits, there being,
asin many of our gold or silver mines, remarkably few associated
minerals. In other eases, however, it is doubtless due to the
fact that very few persons connected with our mines have even
an clementary knowledge of the rudiments of mineralogy, while
in continental Europe almost every mining officer is familiar with
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all the ovdinary minerals.  Thanks to the traning of our schools
of science, an improvement in this respeet is already noticcable,
as ix shown in the discoveries made in the mines of our western
states and territories during the past few years. While the
service done for mineralogy by our geological surveys is grate-
fully acknowledged, we feel we have a right to demand much
more from them in the future.  Mineralogy has been too largely
loaked upon as a guide to the discovery of useful orves and mine-
vals and uot as a matter for scientific study ; fortunately during
the past decade the discoveries in optieal mineralogy, and their
Jwmportance in the determination of the constituent minerals of
the erystalline rocks. have led many geologists to again recognize
the desivability of a knowledge of our scicnce. Much will be
accomplished it those in charge of geologieal surveys will direet
competent persons to make observations, not only on the main
mineral constituents of rocks but also on the manuer of oceur-
rence of individual minerals.  The careful inspection of quarries
and mines is greatly to be desired. These are rich sources for
winerals, but unlmss constant. watchfulness is exercised valuuble
material for science is in danger of being buried out of sight.
Tt is too true that many of the most interesting discoveries al-
ready recorded scem to have been due more to the result of for-
tunate accident than of systematic and intelligent exploration.
If our trained mineralogists, instead of devoting most of their
attention to the examination of specimens in cabinets collected
by others would give more time to personal observation in the
field in the study of the order and maunner of oceurrcuce of
wineral species in place. our knowledge would doubtless be
creatly promoted. Again, if our wealthy amateurs could be
induced to spend their money as frecly in the exploration of pro-
mising American localities as in the importation of costly Euro-
pean specimens, we might hope for more important discoveries,
and they could have the satisfaction not only of gaining novelties
for their collections, but incidentally they would do much to fos-
ter science. In order to keep pace with the progress of the
seience, we need many more workers who will will devote them-
selves especially to mineralogical research, and we need more of
the spirit of the carly workers. It is my belief that the number
of persons at present interested in the study here, cither as
amateurs or investigators is relatively less than in 1825. The
mincralogy of to-day is a very different subjeet from the mine
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ralogy of the commencement of the period over which we have
50 hastily gianced. Then the study of minerals was confined
almost exclusively to their external characters.  Led by Werner,
and reinforced by his most gifted pupil, Mohs, the majority of
mineralogists claimed mineralogy to be a purely natural history
seience. They gave their attention, as has been well said, en-
tirely to * how the mineral looked,” and not at all to *what it
was.””  On the other hand the development of analytical chem-
istry by the labors of Klaproth and Berzelius led many to take
up mineralogy from a purely chemical stand-point. These two
schools working independently brought great confusion into the
science. The discoveries of Haity in erystallography, and espe-
cially his labors in establishing a mathematical foundation for
the geometrical form of crystals, and the recoguition that the
constancy of form depended on the constancy of the ¢ integrant
molecule,” were steps which paved the way for modern wineral-
ogy. In this a union of all the physicul, geometrical, aud chemi-
cal properties is required in order to determine the true character
of « mineral. TFurther, we are called upon to investigate the
history of its origin, its relation to associated species, the changes
which it undergoes, and the causes and results of these changes.
Here we have to do largely with both geology und chemistry.
From this it becomes cvident that a much broader foundation is
now required for the mineralogist than in the ewrly days of the
century. The bearing of physics, geology and chemistry in the
study of the mineral kingdom must be thoroughly recognized
and appreciated by every investigator who desires to contribute
to further progress. No mineralogist can expect to have a pro-
found koowledge in all these directions, but he wust be at least
capable of iutelligently applying to his subject the results ob-
tained by experts in these sciemces. Miveralogy is decply
indebted to special investigators in all these departments. With-
out their co-operation it would have been impossible to discover
the relations of form aud other physical characters with that
fundamental arrangement of molecules whose nature it is now
admitted controls all the properties of a substance. The study
of natural erystals has afforded rich material for the physicist.
In the department of opties it has given results from which many
fundamental laws have been deduced ; and watural erystals, too,
have furnished, in many cases, the very apparatus which made
investigation possible. Some chemists claim that miveralogy is
Vou. X. v2 No. G..
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not at all a seicnce by itself, and constitutes only a small part of
inorganic chemistry. It can be unquestionably conceded that a
knowledge of chemistry is fundamental, and in consequence this
claim has « certain plausibility. On the other hand, we contend
that it was largely the labors.of the mineralogists on the phy-
sieal characters of minerals, and especially their demonstra.
tion of the relation of form to chemical composition which fually
awakencd chemists to a more profound study of their own sub-
jeet. The law of isomorphism was discovered by a chemist,
whose training as an expert crystallographer in the examination
of natural erystals made it possible for him tv recognize the won-
derful relation of form to composition. Dimorphism was first
«established from observations made on minerals, and it is in the
study of the mineral kingdow that the laws of isomorphism and
dimorphism find abundant demonstration. From the further
investigation of the chemical nature of minerals we may hope for
new light on the molecular constitution of substances which as
yet. the chemist has been unable to reproduce.  We have already
indicated the interdependence of geology and minerulogy. May
we not claim the same interdependence of mineralogy, physies
-and chemistry, letting each go on in its own sphere, contributing
to the general progress, sure that cvery new fact observed and
every new law discovered will be for the common advancement
of all ?
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INAUGURAL ADDRESS OF THE PRESIDENT OF
THE BRITISH ASSOCIATION FOR THE ADVANCE-
MENT OF SCIENCE IFOR THE YEAR 1882.

Sinee the days of the first meeting of the Assoeiation in York,
in 1831, great changes have taken place in the means at our dis-
posal for exchanging views, either personally or through the
medium of type. The creation of the railway system has enabled
congenial minds to attend frequent meetings of those speciul
Societies which have sprung into existence since the foundation
of the British Association, amongst which I need only name
here the Physical, Geographieal, Meteorological, Anthropological,
and Linnean, cultivating abstract science, and the Iustitution of
Mechanical Engincers, the Institution of Nuval Architeets, the
Iron and Steel Institute, the Society of Telegraph Engineers
and Electricians, the Gas Institute, the Sanitary Institute, and
the Society of Chemical Industry, representing applied science.
* These meet at frequent intervals in London, whilst others, hav-
ing similar objects in view, hold their meetings at the University
towns, and at other centres of intelligence and industry through-
out the country, giving evidence of great wental activity, and
producing some of those very results which the founders of the
British Association wished to see realised. If we consider, fur-
ther, the extraordinavy development of scientific journalism
which has taken place, it canuot surprise us wheu we meet
-with expressions to the effeet that the British Association has
fulfilled its mission, and should now yield its place to those
special Societies it has served to call into existence. On the
other hand, it may be urged that the brilliaut success of last
year's Anniversary Meeting, enhanced by the comprehensive
address delivered on that ocension by my distinguished predeces-
sor in office, Sir John Lubbock, has proved, at least, that the
British Association is not dead in the affection of its members,
and it behoves us at this, the first ordinary gathering in the
second half-century, to consider what are the strong points to
rely upon for the continnance of «a carcer of success and useful-
ness.

If the facilities brought home to our doors of acquiring scien-
tific information have increased, the necessities for scientific
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enquiry have inercased in a greater ratio. The time was when
seience was cultivated only by the few, who looked upon its ap-
plication to the arts .and manufactures as almost beneath their
consideration ; this they were content to leave in the hands of
others, who, with only commercial aims in view, did not aspire
to further the objeets of science for its own suke, but thought
only of benefiting by its teachings.  Progress could not be rapid
under this condition of things, because the man of pure science
rarcly parsucd his engniry beyond the mere enunciation of 2
physical or chemical principle, whilst the simple practitioner was
at a loss how to harmonise the new knowledge with the stock of
information which formed his mental capital in trade.

The advancement of the last fifty years has, T venture to
submit, rendered theory and practice so interdependent that an
intimate union between them is a matter of absolute necessity
for our future progress. Take, for instance, the art of dyeing,
and we find that the discovery of new colouring matters devived
from waste products, such as coal-tar, cempletely changes its
practice, and renders an intimate knowledge of the seience of
chemistry a matter of absolute necessity to the practitioner. In -
telegraphy and in the new arts of applying eleetricity to lighting,
to the trausmission of power, and to metallurgical operations,
problems arise at every turn requiring for their solution not only
an intimate acquaintance with, but a positive advanee upon,
clectrical seicuce, as established by purcly theoretical research in
the laboratory. Ingencral engineering the mere practical art of
construeting 2 machine so designed and proportioned as to pro-
duce mechanically the desived effect, would suffice no longer.
Our increased knowledge of the pature of the mutual relations
between the different forms of encrgy mukes us see clearly what
are the theoretical limits of effeot; these, although beyond our
absolute reach, may be looked upon as the asymptotes to be
approached indefinitely by the hyperbolic course of practical
progress, of which we should never lose sight. Cases arise,
moreover, where the introduction of new materials of construe-
tion, or the call for new effects. renders former rules wholly
insufficient. Tn all these cases practieal knowledge has to go
hand in hand with the advanced science in order to accomplish
the desired end.

Far be it from me to think lightly of the ardent students of
nature, who, in their devotion to research, do not allow their minds
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to travel into the regions of utilitarianism and of self-interest.
These, the high priests of scicnee, command our utmost admira-
tion ; but it is not to them that we ean look for our current
progress in practical scicuce, much less can we look for it to
“the thumb ” practitioner, who is guided by what comes nearer
to instinet than to reasou. It is to the man of scienee, who also
gives attention to practical questions, and to the practitioner,
who devotes part of his time to the prosecution of' strictly scien-
tifle investigations, that we owe the vapid progress of the present
day, both merging more und more inwo one class, that of pioneers
in the domain of nature. Xt is such men that Archimedes
must have desired when he refused to teach his diseiples the art
of coustructing his powerful ballistic engines, exhorting them to
give their attention to the principles involved in their construe-
tion; and that Telford, the fouunder of the Institution of Civil
Engineers, must have had iu hiz mind’s eye, when he defined
civil evgineering as *“the art of directing the great sources of
nature.”

These considerations may serve to show that although we see
the men of both abstract and applied science group themselves
in minor bodies for the better prosecution of special objeets, the
points of contact between the differeut brauches of knowledge
are ever multiplying, all tending to form part of a mighty tree—
the tree of modern seience, under whose ample shadow its culti-
vators will find it both profitable and pleasant to meet, at least
once a year; and considering that this tree is uot the growth of
one country only. but spreads both its roots and branches far
and wide, it appears desirable that at these yearly gatherings
other nations should be more fully represented than has hitherto
been the case. The subjects discussed at our meectings are
without exceptiou of general intercst, but many of them bear an
international character, such as the systematic colleetion of mag-
netic, astronomical, metcorological, and geodetical observations,
the formation of a uviversal code for signuling at sex, und for
distinguishing lighthouses, and especially the settlement. of scien-
tific nomenclatures and units of measwrement, regarding all of
which an international accord is a matter of the utmost practical
importance.

‘As regards the measures of length and weight it is to be
regretted that this country still stands aloof from the movement
initiated in France towards the close of last eentury : bus, con-
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sidering that in scientific work wmetrieal measure is now slmost
universally adopted, and that its use has been already legalised
in this country, T venture to hope that its universal adoption for
commereial purposes will soon follow as a matter of cowrse, The
practical advantages of sneh a measure to the trade of this coun-
try would, T am convineed, be very great, for Koglish gonds,
such ax machinery or metal rolled 10 current sectious, are now
almost exeluded from the Countinental market, owing to the unit
measure employed in their production. The principal impedi-
ment to the adoption of the metre consists in the strange annmaly
that although it is legal to use that measure in commeree, and
although a copy of the standard metre is kept in the Standards’
Department of the Board of Trade, it is impoessible to procure
legalised rods representing it, and to use a non-legalised copy of
a standard in commerce is deemed fraudulent. Would it not be
desirable that the British Association should endeavor to bring
about the use in this country of the metre and kilogramme, and,
as u preliminary step, petition the Government to be represented
on the International Metrical Commission, whose admirable
establishment at Sévres possesses, independently of its practical
work, considerable scientific interest. as n well found laboratory
for developing methods of precise measurement.

Next in importance to aceurate measures of length, weight,
and time, stand, for the purposes of modern science, those of
electricity.

The remarkably clear lines separating conductors from non-
conductors of electricity, and magnetic from nou-magnetic sub-
stances, enuble us to meusure electrieal quantities and effects
with almost mathematical precision ; und, although the ultimate
vature of this, the youngest scientifically investigated form of
energy, is yet wrapt in mystery, its laws are the most clearly
established, and its measuring instruments (galvanometres, elec-
trometers and magnetometers), are amongst the most accurate
in physical science. Nor could any branch of science or indus-
try be named in which electrical phenomena do not oceur, to
exercise their direet and important influeuce.

If, then, electricity stands foremost amongst the exact seicnees,
it follows that its unit measures should be determined with the
utmost accurvacy. Yet, twenty years ago, very little advance
had been made towards the adoption of a rational system. Ohm
had. it is true, given us the fixed relations existing between



No. 6.] PRESIDENT'S ADDRESS B. A. A. 8. 343

electromotive foree, resistauce, and quantity of current; Joule
had established the dynamical equivalent of heat and electricity,
and Gauss and Weber had proposed their elaborate system of
absolute maguetic measurement. But these invaluable resear-
chies uppeared only as isolated efforts, when, in 1862, the Electric
Unit Committee was appointed by the British Association, at
the instance of Sir Williwm Thomsou, aud it is to the long-
continued activity of this Committee that the world is indebted
for a cousistent and ‘practical system of measurcment, which,
after being modified in details, received universal sanetion last
year by the International Electrieal Congress assembled at Paris,

At thix Congress, which was attended officially by the Jeading
physicists of all civilised countries, the attempt was suceesstully
made to bring about a union between the statical system of
measurement that had been followed in Germany and some other
countries, and the magnetic or dynawmical system developed by
the British Association, also between the geometricul measure of
resistunce, the (Werner) Siemens unit, that had beeu generally
adopted abroad, and the British Association unit intended as a
multiple off Weber's absolute unit, though not entirely fulfilling
that condition. The Cougress, while adopting the absolute sys-
tem of the British Association, referred the final determination
of the unit measure of resistance to an Iuternational Committee,
to be appointed by the representatives of the several govern
ments: they decided to vetain the mercury standard for repro-
duction and compurizon, by which means the advantages of both
systems are happily combined, and much valuuble labor is uti-
lised ; only, instead of expressing clectrical quantities directly
in absolute measure, the Congress has embodied a consistent
systew, based on the OQhm, in which the uuits are of a value
couvenient for practical measurements.  In this, which we must
hereatter know as the  practical system,” as distinguished from
the “absolute system,” the units are named after leading physi-
cists, the Ohm, Ampére, Volt, Coulomb, and Farad.

I would venture to suggest that two other units might, with
advantage, be added to the system decided on by the Interna-
tional Congress at Paris, The first of these is the unit of mag-
petic quantity or pole. It is of some importance, and few will
regard otherwise than with satisfuction the suggestion of Clau-
sius that the unit should be called « ¢ Weber,” thus retaining a
name most closely conneeted with eleetrical measurements, and



EER THE CANADIAN NATURALIST. [Vol. x.

only omitted by the Congress in order to avoid the risk of con-
fusion in the magnitude of the unit current with which his
name had been formerly associated.

The other unit I should suggest adding to the list is that of
power. The power conveyed by an Ampére through the differ-
eonce of potential of a Volt is the unit consistent with the prac.
tical xystem. Tt might be appropriately ealled a Watt, in honor
of that master mind in mechanical seience, James Watt, He it
was who first had «a clear physical coneeption of power, and gave
a rational method of measuring ie. A Watt, then, expresses the
rate of an Amptre multiplied by a Volt, whilst a horse-power is
716 Wattg, and a Cheval de Vapeur 733.

The system of eleetro-magnetic units would then be :—

(1) Weber, the unit of mugnetic quantity =108
(2) Obm, “ t resistance =109
(3) Vol ¢ ¢ electro-motive force =108
(4) Ampire, « B, eurrent =10-1
(5) Conlomb, * * guantity =10-1
(6) Ware - “ power =107
(7) Farad = “ capaeity =10-9

Electrieity is the furm of energy hest suited for transmitting
an cffeer from on: place to another: the electric current passes
through certain substances—the metals—with a velocity limited
only by the retarding influence ecnused by electric charge of the
surromnding dielectrie, but approaching probubly under favor-
able conditions that of radiant heat and light, or 300,000 kilo-
metres per seeond ; it refuses, however, to pass threugh oxidised
substances, glass, gums, or through wases except when in a highly
varified condition. It is cagy therefore to coufine the clectrie
current within bounds, and to direct it through narrow chanuels
of extraordinary length. The conducting wire of an Atlantic
cable is such a narrow chanuel ; it consists of a copper wire, or
strand of wires, 5 m. m. in diameter, by vearly 5000 kilometres
in length, confined clectrieally by o conting of gutiunercha about
4 m.m.in thickvess.  The clectricity from a small galvanic bat-
tery passing into this channel prefers the long journey to Americn
in the good conductor, and back through the carth, to the
shorter journey across the 4 m. m. in thickness of insulating
material. By an improved arrangement the alternating currents
cmployed to work long submarive cables do not actually com-
plete the circuit, but are merged iu a condenser at the reeciving
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station, after having produced their extremely slight but certain
cffect upon the receivivg instrument. So perfect is the channel
and so precise the action of both the transmitting and receiving
instruments employed, that two systems of clectrie signals may
be passed simultancously through the same cable in opposite
directions, producing independent records at either end. By the
application of this duplex mode of working to the direct United
States cable under the superintence of Dr. Muirhead, its trans-
mitting power was incereased from twenty-five to sixty words n
minute, being equivalent to about twelve currents or primary
impulses per second.

The minute currents here employed are far surpassed as re-
gards delicacy und frequency by those revealed to us by that
marvel of the present day, the telephone.  The clectric eurrents
caused by the vibratious of a diaphragm acted upon by the hu-
man voice, naturally vary in frequency and intensity according
to the pumber and degree of those vibrations, aud cach motor
current in exciting the electro-magnet forming part of the receiv-
ing instrument, deflects the iron diaphragm occupying the posi-
tion of un armature to a greater or smaller extent according to
its strength.  Savart found that the fundamental /u <prings from
4-10 complete vibrations in a second ; but what must be the fre-
quency and modulations of' the motor current and of magnetic
variations necessary to convey to the car through the wedium of
a vibrating armature, such a complex of human voices :nd of
musical instruments as constitutes an opera performance.  And
yet such performances could be distinetly heard and even en-
joyed as an artistic treat by supplying to the car a puir of the
double telephonic receivers, at the Paris Electrical Fxhibition, .
when connected with a pair of transmitting inrtruments in front
of the foot Yights of the Grand Opera. In conncetion with the
telephone, the names of Reiss, Graham Bell, Idison, and Hughes
will ever be remembered.

Regarding the transmission of power to a distance the clectric
current has now entered the lists in competion with compressed
air, the hydraulic accumulator, and the quick running rope as
used at Schaffhausen to utilise the power of the Rhive full.
The transformation of cleetrical into mechavical energy can be
accomplished with vo further loss than is due to such iucidental
causes as friction and the heating of wires; these iu u properly
designed dynamo-clectric machine do not exceed 10 per cent. as
Vor. X. w No. 6
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shown by Dr. John Topkinson, and, judging from recent experi-
ments of my own, w =till nearer approach to ultimate suceess is
attainable.  Adhering, however, to Dr. Hopkinson’s determina-
tion, for safety’s sake, aud assuming the sume percentage in
re-converting the current into’ mechanical eftfect, a total loss of
19 per cent vesults.  To this loss must be added shat through
clectrical resistance in the comneeting line wires, which depends
upon their length and conduetivity, and that due to heating by
friction of the working parts of the machine. ‘'Paking these as
being equal to the internal losses incurred in the double process
of conversion, there remains a useful effect of 100-88=62 per
cent, attainable at a distance, which agrees with experimental
resuits, although in actual practice it would not be safe at pres-
ent to expect more than H0 per cent of ultimate useful effect,
to allow for all mechanical losses.

In using compressed air or water for the transmission of power
the loss cannot be taken atlesy than 50 per cent, and as it
depends upon fluid resistance, it inereases with distance more
vapidly than in the case of clectricity.  Taking the loss of effect
in all eases at 50 per cent, eleetric transwission presents the ad-
viantage that an insulated wive does the work of a pipe capable
of withstanding hizh internal pressure, which latter must be
more costly to put down and to maintain. A second metullic
conduetor is required, however, to complete the electrical cireuis,
as the conducting power of the carth alone is found unreliable
for passing quantity currents, owing to the eflect of polarisation ;
but as this sccond conductor need not be insulated, water or gas
pipes, railway metai or fencivg wire, may be called into requisi-
tion for the purpose.  The small spuce occupied by the electro-
motor, its high working speed, and the absence of waste produets,
render it specially available for the general distribution of power
to cranes aud light machinery of every description. A loss of
cftect of 500 per cent does not stand in the way of such applica-
tions, Jor it must be remembered that a powerful central engine
of best construction produces motive power with :t consumption
of two pounds of coal per horse-power per hour, whereas small en-
gines distributed over a district would consume not less than
five; we thus sce that there is an advantage in favor of eclectric
transmission as vegavds fuel, independently of the saving of labor
and other collateral benefits.

To agriculture clectric transmission of power seems adapted
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for effecting the various operations of the farm and the ficlds
from one centre. Having worked such « system mysell in com-
bination with electric lighting and horticulture for upwards of
two years, I can speak with confidence of its cconomy, and of
the facility with which the work is accomplished in c¢harge of un-
trained persous.

As regards the effect of cleetrie light upon vegetation there is
little to add to what was stated in my paper read before Scetion
A last year, and ordered to be printed with the Report, exeept
that in experimenting upon wheat, barley, oats, and other cercals
sown in open air, there was a marked difterence between the
arowth of the plants influenced aund uninfiuenced by the electrie
light. This was not very apparent until towards the end of
February, when with the first appearance of mild weather the
plants under the influence of an cleetric lump of 4000 candle-
power placed about D metres above the surface, developed with
extreme rapidity, so that by the end of May they stood above -
feet high, with the cars in full bloom, when those not under its
influence were under 2 feet iv height, and showed no sigu of
the car.

In the eleetric railway first coustructed by Dr. Werner Sie-
mens, at Berlin, in 1879, clectric encrgy was transmitted to the
moving carriage or train of carriages through the two rails upon
which it moved, these being sufficiently insulated from each
other by being placed upon well ercosoted cross sleepers. At the
Puris Blectric Kxhibition the current was conveyed through two
separate conductors muking sliding or rolling contact with the
carriage, wheveas in the clectric railway now in course of con-
struction in the north of Ircland (which, when completed, will
have a length of twelve miles), « separated conductor will be
provided by the side of the railway, and the return cireunit com-
pleted through the rails themselves, which in that case need not
be insulated ; secondary batteries will be used to store the sur-
plus cnergy ercated in running downhill, to be restored in ascend-
ing steep inclines, and for passing railways where the separate
insulated couductor is not practicable. The clectric railway
possesses great advantages over horse or stream power for towns,
in tunocls and in all cases where natural sources of energy, such
as waterfalls, are available; but it would not be reasonable to
suppose that it will in its present condition compete with steam
propulsion upon ordinary railways.
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The deposition of metals from their solutions is perbaps the
oldest of all useful applications of the clectric current, but it is
only in very reeent times that the dynamne current has been
practically applied to the vefining of copper and other metals, as
now practised in Birmingham and elsewhere, and upon an exeep-
tionally large seale at Ocker, in Germany.  The dynamo machine
there employed was exhibited at the Paris Electrical Bxhibition,
its peeuliar feature being thas the conduetors upon the rotating
armature consisted of solid bars of copper 30 m. m. square, in
section, which were found only just suflicient to transmit the
large quantity of Jow tension necessary for this operation. One
such machine consuming 4-horse power deposits about 300 kilo-
gramwes of copper per 24 hours; the motive power at Ocker
is derived from a waterfall. .

The electric energy may aiso be employed for heating pur-
poses, but in this ease it would obviously be impossible for it to
compete in point of economy with the direct combustion of fuel
for the attainment of ordivary degrees of heat. Bunsen and
Ste.-Claire De Ville have taught us, however, that combustion
becomes extremely slugaish when a temperature of 1800° C. has
been rcached, and for effects of temperatures cxceediug that
limit the electric furnace will probably find advantageous appli-
cations.  Its specific advantage consists in being apparently un-
Yimited in the degree of heat attainable, thus opening out a new
field of investigation to the chemist and metallurgist.  Tungsten
has been melted v such a furnace, and 8 pounds of platinum
have been reduced from the cold to the liquid condition in 20
winutes. -

The largest and most extensive application of cleetric energy
at the present is to lighting ; but, covsidering how much has of
late been said and written for and against this new illuminant,
I shall here confine myself to a few general remarks.

The privcipal argument in favor of the electric light is furnished
by its immunity from products of combustion which not only heat
the lighted appartments, but substitute carbonic acid and dele-
terious sulphur compounds for the oxygen upon which respira-
tion depends ; the electric light is white instead of yellow, and
thus cuables us to see pictures, furniture, aud flowers as by duy-
light ; it supports growing plants instead of poisoning them, and
by its means we can caurry ou photography and many other
industrics at night as well as during the day. The objection
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frequently urged against the clectrie light, that it depends upon
the continuous motion of steam or gas engines, which are liable
to accidental stoppage, has been removed by the introduction
into practical use of the secondary battery; this, although not
embodying a uew conception, has lately been greatly improved
in power and constancy by Plauté, Faure, Volckmar, Sellon, and
others, and promises to accomplish for electricy what the gas-
holder has doue for the supply of gas, aud the acecumulator for
hydraulie transmission of power.

Tt can no longer be a matter of reasonable doubt, therefore,
that eleetrie light will take its place as a public illuminant, and
that cven should its cost be found greater thau that of gus, it
will be preferred for lighting drawing-rooms, theatres and eon-
cert-rooms, museums, churches, warchouses, show-rooms, printing
establislients and factories, and also the cabins and cogine-rooms
of passenger steamers.  Tn the cheaper and more powerful form
of the are light, it has proved itsclf superior to any other illu-
mivant for spreading artificial daylight over the large areas of
harbors, railway stations, and the sites of public works. When
placed within a holophote the electrie Jamp has already become
auxiliary in effecting military operations both by sea and land.

The electrie light may be worked by natural sources of
power, such as waterfulls, the tidal wave, or the wind, and it is
conceivable that these may be utilised at considerable distances
by means of metallic conductors.  Some five years ago I called
attention to the vastness of those sources of encrgy, und the
facility offered by electric couduction in rendering them available
for lighting and power-supply, while Sir William Thomson made
this important matter the subjees of his admirable address to
Section A last year at York, and dealt with it in an exbaustive
manner.

The advantages of the electric light and of the distribution
of power by clectricity have lately been recoguised by the British
Government, who have just passed a Bill through Parliament
to facilitute the establishment of clectric conductors in towns,
subjeet to certain regulating clauses to protect the interests of
the public and of local authoritics. Assuming the cost of
clectric light to be practically the sume as gas, the preference
for one or other will in each application be decided upon grounds
of relative convenience, but I venture to think that gas-lighting
will hold its own as the poor man’s friend.
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Gas is an iostitution of the utmost value to the artisan; it
requires hardly any attention, i supplied upon regulated terms,
and gives with what should be a cheerful light @ genial warmth,
which often saves the lighting of a fire.  The time is morcover
not far distant, I venture to think when both rich and poor will
largely resort to gus as the most convenient, the cleanest, and
the cheapest of heating agents, and when raw coal will be seen
only at the colliery or the gaswm'kQ In all cases where the
town to be supplied is within say 30 miles of the colliery, the
gasworks may with advantage be planted at the mouth, or still
better ut the bottom of the pit, whereby all haulage of fuel
would be avoided, and the gas, in its ascent from the bottom of
the colliery, would require an onward pressure suflicient probably
to impel it to its destination. The poxsibility of transporting
combustible gus through pipes for sueh a distanee has been
proved at Pittsburg, where natural gas from the oil distriets is
used in large quantitics.

The quasi monopoly so long un]o) ed by was companies has had
the inevitable effect of chccl\m;; progress.  The gas being sup-
plied by meter, it has been scemingly to the advantage of the
comp-mies to give merely the preseribed illaminating power. and
to diseourage the invention of cconomical burners, in order that
the consumption might reach « masimuwm. The application of
gas for heating purposes has not been encouraged, and is still
made difficult in consequence of the objectionable practice of re-
ducing the pressure in the muins duving daytime to the lowest
possible point consistent with prevention of atmospheric indraught.
The intreduction of cleetrie light has convinced gas managers
and directors that such a poh(,) is no longer tu).xblc, but must
give way to ouc of technical progress; unew processes for cheap-
ening the production and inereasing the purity and illumivating
power of gas are being fully di~cussed before the Gus Institute ;
and improved burners, rivalling the clectrie light in brillianey,
greet our eyes as we pass along our principal thoroughfares.

Regzarding the importance of gas supply as it exists at present,
we find from a Government return that the capital invested in
gasworks in Ingland, other than thosc of local authorities,
wmounts to £30,000,000; in these -£281,048 tons of coal are
converted anoually, producing 43,000 million cubic feet of was,
and about 2,300,000 tons of coke: whercas the total amount of
coal anuually converted in the United Kingdom way be estima-
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ted at 9,000,000 tons, and the hy-produets therefrom at 500,000
tons of tar, 1,000,000 tons of ammonia liquor, and 4,000,000
tons of coke, according to the returns kindly furnished me by
the managers of many of the gasworks and corporations. To
these may be added suy 120,000 tons of sulphur, which up to
the preseut time is a waste product.

Previous to the year 1856—that is to say before Mr. W. H.
Perkin had invented his practical process, based chiefly upon
the theoretical investigations of Hofmann, regarding the coal-
tar bases and the chemieal constitution of indigo—the value of
coul-tar in London was scarcely a halfpenny a gallon, and in
country places gas makers were giad to give it away. Up to
that time the coal-tar industry had consisted chiefly in separating
the tur by distillation into naphtha, creosote, oils, and piteh. A
few distiilers, however, made small quantities of benzene, which
had been first shown—Dby Mansfield, in 1849 —to exist in coal-
tar naptha mixzed with toluene, cumence, &e. The discovery, in
1856, of the mauve or anilinve purple gave a great impetus to the
coal-tar trade, inasmuch as it neeessitated the separation of large
quantities of benzene, or a mixture of benzene aud toluene, from
the naphtha. The trade was further increased by the discovery
of the magenta of rosaniline dye, which required the same pro-
ducts for its preparation. In the meantime, carbolie acid wus
eradually introduced into commerce, chiefly as a disinfectant,
but alzo for the production of coloring matter.

The color industry utilises even now practically all the ben-
zene, a large proportion of the solvent naphtha, all the anthra-
cene, amd a portion of the naphthaline vesulting from the
distillation of coal-tar; and the value of coloring matter thus
produced is estimated by Mr. Perkin at £3,350,000.

The demand for ammonia may be taken as unlimited, on
account of its high agricultural value as a manure; and, con-
sidering the failing supply of guano and the growing necessity of
stimulatiug the fertility of our soil, an iuereased production of
ammonia may be regavded as a matter of national importance,
for the supply of which we have to look almost exelusively to our
gas-works,  The present production of 1,000,000 tons of liquor
yields 95,400 tons of sulphate of ammonia; which, taken at £20
10s. « ton, represents an annual value £1,947,000.
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The total annual value of the gas-works by-products may be
estimated as follows: —

Coloring matter..coov. covvenenn ovneeenenne . £3,350,000
Sulphate of amwmonia.........oo.ooiiiiin 1,947,000
Piteh (855.000 tons)......;oveevvernniinni. 865,000
Creosote (25,000 gallons)......oovvivvneannn. 208,000

Crude carbolic acid (1,000,000 gallons).... 100,000
Gas coke, 4,000,000 tons (after allowing
2,000,000 consumption in working the re-
torts) at 125 . . oo eviieeniinnees RPN . 2,400,000

£8,370,000

Taking the coal used, 9,000,000 tons, at 12s., equal £5.400,-
000, it follows that the by-products exceed in value the coal used
by very nearly £3,000,000. )

In using raw coal for heating purposes these valuable products
are not only absolutely lost to us, but in their stead we are
favoured with those semi-gaseous by-products in the atmosphere
too well known to the denizens of London and other large towns
as smoke.  Prof. Roberts has caleulated that the soot in the pal]
hunging over London on a winter's day amounts to fifty tons,
and that the carbonic oxide, a poisonous compound, resulting
from the imperfect combustion of coal, may be taken as at least
five times that amount. My, Aitken has shown, morcover, in an
interesting paper communicated to the Royal Society of Edin-
burgh last year, that the fine dust resulting from the impecfect
combustion of coal is wainly instrumental in the formation of fog;
each particle of solid matter attracting to itselt’ agueous vapour;
these globules of fog are rendered particularly tenacious and dis-
agreeable by the presence of tax vapour, another result of imper-
fect combustion of raw fuel, which might be turned to much
better aceount at the dye-works. The hurtful influence of smoke
upon public health, the great personal discomfort to which it
eives rise, and the vast expewse it indirectly causes through
the destruction of our monuments, pictures, furniture, and
apparel, are vow being recognized, as is evidenced by the
success of recent Smoke Abatement Exhibitions. The most
effectual remedy would result from a geweral recoguition of
the fact that wherever smoke is produced fuel is being cou-
sumed wastefully, and that all our caloric effects, from the
largest down to the domestic five, can be realised as completely,
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and more economicaly, without allowing any of the fuel employed
to reach the atmosphere unburnt. This most desirable result
may be efteeted by the use of gas for all heating purposes with
or without the addition of coke or anthracite.

The cheapest form of gas ix that obtained through the cotire
distillation of fuel in such gas producers as are now largely used
in working the furnaces of glass, ivon, and steel works; but gas
of this dexcription would not be available for the supply of towns
owing to its bulk, about two-thirds of its volume being witrogen,
The use of water-gas, resulting from the decomposition of steam
in passing through a hot chamber filled with coke, has been sug-
gested, but this gas also is objectionable, because it contains,
besides hydrogen, the poisonous wnd inodorous gas carbonic
oxide, the introduetion of which into dwelling-houses could not
be cffected without considerable danger. A more satistactory
mode of supplying heating separately from illuminating gus
would consist in connecting the retort at different periods of the
distillation with two separate systems of mains for the delivery
of the respective gases. By resorting to improved meaus of
heating the retorts with gascous fuel, such as have been in use at
the Paris gas-works for a considerable number of years. the length
of time for effecting each distillation way be shortencd from six
hours, the usual period in former years, to four, or even three
hours, as now practised at Glasgow and clsewhere. By this
means a given number of retorts ean be made to produce, in ad-
dition to the former quantity of illuminating gas of superior
quality, a similar quantity ot heating gas, resulting in a dimi-
nished cost of production, and un inereased supply of the valuable
by-produets previously referred to.

The greater efficiency of gas as a fuel results chiefly from the
circumstance that a pound of gas yields in combustion 22,000
heat units, or exactly double the heat produced in the combustion
of u pound of ordinary conl. This extra heating power is due
partly to the freedom of the gas from carthy constituents, but
chiefly to the heat imparted to it in cffecting its distillation,
Recent cxperiments with gas burners have shown that in this
direction also there is much room for improvement.

The amount of light given out by a gas flame depends upon
the temperature to which the particles of solid carbon in the -
flame are raised, and Dr. Tyndall has shown that of the -
radiant energy set up in such a flame, only the 1-25th part
Vou X. w2 No. 6.
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is luminous; the hot products of combustion carry off at least
four times as much energy as is radiated, so that no more
than one-hundredth part of the heat evolved in combustion
is converted into light. This proportion eould be improved,
however, by increasing the temperature of combustion, which
may be effected cither by intensified air-current or by regenera-
tive action. Supposing that the heat of the produets of com-
bustion could be communicated to metallic surfaces, and be
transferred by conduetion or otherwise to the atwospherie air
supporting combustion in the flame, we should be able to iverease
the temperature accumulatively to any point within the limit of
dissociation ; this limit may be fixed at about 2300° C., and can-
not be very much below that of the cleetric are. At such a temper-
ature the proportion of luminous rays to. the total heat produced
in combustion would be more than doubled, and the brillianey of
the light would at the same time be greatly increased.  Thus
improved, gas-lighting may continue its rivalry with electric
lighting both as regards economy and brilliancy, and such rivalry
nrust veeessarily result in great public advantage.

In the production of mechanienl effect from heat, gaseous fuel
also presents most striking advantages, as will appear from the
following consideration. TWhen we have to deal with the ques-
tion of converting mechanieal into cleetrical effect, or vice versa,
by meuns of the dynamo-clectrical machine, we have only to con-
sider what are the equivalent values of the two forms of energy,
and what precautions are necessary to avoid losses by the clectrical
resistance of conductors and by friction. The travsformation of
wmechanieal effect into heat involves no losses except those result-
ing from imperfeet jnstallation, and these may be co completely
avoided that Dr. Joule was able by this metlod to determine the
equivalent values of the two forms of energy. But in attempt-
ing the inverse operation of effecting the conversion of heat into
mechanical energy, we find ourselves confronted by the second
law of thermo-dynamics, which says that whenever a given amount
of heat is converted into mechanical effeet, another but variable
amount descends from a higher to a lower potential, and is thus
rendered unavailable.

In the condensing steam-engine this waste heat comprises that
communicated to the condensing water, whilst the useful heat,
or that converted into mechanical effeet, depends upon the differ-
ence of temperature between the boiler and condenser. The



No. 6.] PRESIDENT'S ADDRESS B. A. A. S. 355

boiler pressure is limited, however, by considerations of safety
and convenience of construction, and the range of working tem-
perature rarely exceeds 120° C. exeept in the engines constructed
by Mr. Perkins, in which a range of 160° C., or an expansive
action commencing at 14 atmospheres, has been adopted with
considerable promise of success, as appears from an able report
on this engine by sir Frederick Bramwell. To obtain more
advantageous primary conditions we have to turn to the caloric
or gas-engine, because in them the co-efficient of efficiency ex-

" Ui
pressed by——,—l;—~, may be greatly inercased. The value would
reach a mivimum if the initial absolute temperature T could be
raised to that of combustion, and T’ reduced to atmospheric
temperature, and these maximum limits can be mneh more nearly
approached in the gas-engine worked by a combustible mixture
of air and hydrocarbons thau in the steam-cogine.

Before many years have clapsed we shall find in our factories
and on board ships engines with a fuel consumption not exceed-
ing 1 pound of coal per effective horsepower per hour, in which
the gas producer takes the place of the somewhat complex and
dangerous steam-boiler.  The advent of such an engine and of
the dynamo-machine must mark a new era of material progress
at least equal to that produced by the introduction of steam
power in the carly part of our century.

When the British Association met at Southampton on a for-
mer occasion, Schonbein announced to the world his discovery of
gun-cotton. This discovery has led the way to many valuable
rescarches on explosives generally, in which Mr. Abel has taken
a leading part.

The extraordinary difference of condition, before and after its
ignition, of such matter as constitutes an explosive agent, leads
up to the consideration of the aggregate state of matter under
other circumstances. As early as 1776 Alexander Volta ob-
served that the volume of glass was changed under the influence
of electrification, by what he termed electrical pressure. Dr.
Kerr, Govi, and others have followed up the same inquiry, which
is at present continued chiefly by Dr. George Quincke, of Heid-
clberg. who finds that temperature, as well as chemical constitu-
tion of the dielectric under cxamination, exercises a determining
influence upon the amount and chareter of the change of volume
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effected by clectrification; that the change of volume may under
certain cireumstances be effected instantancously as in flint glass,
or only slowly asin crown glags, and that the clastie limit of both
is dimished by cleetrifiention, whereas in the ease of mica and
of gutta-percha au increase of vlasticity takes place,

Still greater strides are ‘being made at the present time to-
wards a clearer perception of the condition of mutter when par.
ticles ave left seme liberty to obey individually the forces brought
to bewr upon them. By the discharge of high tension clectricity
through tubes containing highly vavified wases (Geissler's tubes),
phenomena of diseharge were produced which were at once most
striking and suggestive,  The Spreagel pump aflforded a means
of pushing the exhaustion to limits which had formerly been
scaveely reached by the imagination. At each =tep the condi-
tion of attenuated matter revealed varying properties when
acted upon by artificial discharge and magnetie force. The
radiometer of Crookes imported a new feature into these inquir-
iex. which at the present time occupy the attention of Jending
physieists in all countries.

The means usually employed to produce cleetrieal discharge in
cacuum tubes was Ruhmkorfi’s coil; but Mr. Gassiot first suc-
ceeded in obtaining the phenomena by means of a galvanic bat-
tery of 3000 Leclanché cells. Dr. de la Rue, in conjunction
with his friend, Dr. Hugo Miiller,, has gone far beyond his | o
decessors in the production of batteries of high potential. At
his leeture ¢ On the Phenomena of Elcetrie Discharge,” delivered
at the Roy« Tnstitution in January, 1881, he employed a bat-
tery of his invention eonsisting of 14,400 cells (14,832 Volts),
which gave a enrrent 0-054 Ampére, and produced a discharge at
a distunee of 0.71 iuch between the terminals.  During Jast year
he inercased the number of cells to 15,000 (15,450 Volts), and
nereased the current to 04 Ampére, or cight times that of the
battery he used at the Royal Tustitution.

On the eceasion of his lecture, Dr. de la Rue produced, in a
very large vacuum tube, an imitation of the Aurova Borealis;
and hie has deduced from his experiments that the greatest bril-
Yiancy of Aurora displays must be at an altitude of from 37 to
38 miles—a conclusion of the highest iuterest, aud in opposition
to the extravagant estimate of 281 miles at which it had heen
previously put. |

The President of the Royal Seciety has made the phenomena
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of electrienl discharge his study for several years, and resorted
in his important experiments to « speeial rouree of electrie power.
In a note addressed to me, Dr. Spottiswoode describes the nature
of his investigations much more elearly than I could venture to
give them, He suys: Tt had long been iy opinion that the
dissymmetry shown in clectrical discharges through ravified gases
must be an essential clement of every disruptive discharge, and
that the phenomena of stratification might be regarded as magai-
fied images of features ulways present, but coneealed under or-
dinary circunstances.,” It was with a view to the study of this
question that the researches by Moulton and mysell’ were under-
taken.  The method chiefly used consisted in introducing into
the circuit intermittence of a particular kind, whereby one Jumi-
nous discharee was rendered sensitive to the approach of a cou-
ductor outside the tube,  The application of this method enabled
us to praduce artificially a variety of phenomeny, including that
of stratification.  We were thus led to a series of conclusions
relating to the mechani=m of the discharge, among which the
following may be mentioned :

1. 'T'hat a steia, with 1= attendant dark space, forms a phys-
ieal unit of a stristed discharge.

2, That the origin of the luminous column is to be sought for
at its negative end; that the fuminosity is an cxpression of a
deiefnd for negative eleetricity.

3. That the time occupied by clectricity of either name in
traversing a tube is greater than that occupied in traversing an
equal lenath of wire, but less than that occupied by molecular
streams (Crooke's radiations) in traversing the tubes.

. That the brillianey of the light with so little heat may be
due in part to brevity in the durstion of the dizcharge.

5. That striwe are not merely loei in which electriesl is eon-
verted into luminvus energy, but,are actual aggregations of
matter. :

This Iagt conclusion was based mainly on ‘experiments made
with an induetion coil cxcited in « new way,—viz., dircetly by
an alternating machine, withont the intervention of a commuta-
tor or condenser. This mode of excitement promises to be one
of great importance in speetroseopic work, as well as in the study
of the discharge in u maguetic field, partly on acecount of the
simplification which it permits in the construction of induction
coils, but mainly on account of the very great increase of
strenath in the secondary currents to which it gives rise.”
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These investigations assume additional importance when we
view them in connection with solar—I may even say stellar—
physies, for evideuce is augmenting in favor of the view that in-
terstellar space is not ewpty, but is filled with highly attenuated
matter of such a nature as may be put into our vacuum tubes.
Nor can the matter oceupying stellar space be said to be any longer
beyoud our reach for chemical and physical test. The spectroscope
has already thrown a flood of light upon the chemical constitution
and physical condition of the sun, the stars, the comets, and the far
distant nebule, which have yielded spectroscopic photographs
under the skilful management of Dr. Iuggins, and Dr. Draper,
of New York. Armed with greatly improved apparatus the
physical astronower has beew able to reap a rieh harvest of scien-
tific information during the short periods of the last two solar
eclipses; that of 1879, visible in America, and that of May last,
observed in Egyyt by Lockyer, Schuster, and by Continental
observers of high standing. The result of this last eclipse expe-
dition has been summed up as foliows: - Different temperature
levels have been discovered in the solar atmosphere; the consti-
tution of the corona has now the possbility of being determined,
and it is proved to shine with its own light. A suspicion has
been aroused once more as to the existence of the lunar atmos.
phere, and the position of au important line has been discovered.
Hydrocarbons do not exist close to the sun, but may in space
between us and it.”’

To me personally these veported results possess peculiar in-
terest, for in Mareh lust I ventured to bring before the Royal
Society a speculation regarding the conservation of solar en-
ergy, which was based upon the three following postulates,
viz. :—

1. That aqucous vapour and curbon compounds are present
in stellar or interplanctary space.

2. That these gascous compounds are capuble of being disso-
ciated by radiant solur energy while in a state of extreme attenu-
ation.

3. That the cffect of solar rotation is to draw in dissociuted
vapors upon the polur surfaces, and to eject them after combus-
tion has taken place back into space equatorially.

It is therefore w matter of peculiar gratification to me that the
results of observation here recorded give considerable support to
that speculation.” The lumivous equatorial extensions of the sua
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whieh the American observations revealed in such a striking
manner (with which I was not acquainted when writing my
paper), were absent in Mgypt; but the outflowing equatorial
streams I supposc to exist could only be rendered visible by
reflected sunlight, whea mixed with dust produced by exceptional
solar disturbances or by clectric discharge; and the oceasional
appearance of such luminous extensions would serve ouly to dis-
prove the hypothesis entertained by some, that they are divided
planetary matter, in which case their appearance should be per-
manent. Professor Langley, of Pittsburg, has shown by means
of his Bolometer, that the solar actini¢ rays are absorbed chiefly
in the solar as in the tervestrial atmosphere, and Captain Abuey
has found by this new photometric method that absorption due
to hydrocarbons takes plice somewhere between the solar and the
terrestrial atmosphere; in order to test this interesting result still
further, he has lately carried his apparatus to the top of the Riftel
with the view of diminishing the amount of territorial atmospherie
air between it and the sun, and intends to bring a paper on this
subject before Scetion A, Stellar space filled with such matter
as hydre-carbon and aqueous vapour would establish a material
“contivuity between the sun and his planets, and between the
innumerable solar systems of which the universe is composed. If
chemical action and reaction can further be admitted, we may
be able to trace certain conditions of thermal dependence and
maintenance, in which we may recognise principles of high per-
fection, applicable also to comparatively humble purposes of
humble life.

We shall thus find that in the great workshop of nature there
are no lines of demarcation to be drawn between the most exalted
speculation and common-place practice, and that all knowledge
must lead up to one great result, that of an intelligent recogni-
tion of the Creator through His works. So then, we members of
the British Association and fellow-workers in every branch of
science may exhort one another in the words of the American
bard who has so lately departed from mmoungst us:—

Let us then be up and doing,
With a heart for any fate;
* $till achieving, still pursuing,
Learn {o labour and to wait.
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ON THE PRESENT PHASE OF THI ANTIQUITY
OF MAN.
By W. Bovn Dawrrss, M.A,, FILS. PGS, FSAL
(Address delivered before the Anthropolagical Xection of the Brizish Assosiation
for ths Advancement of Sciende at Southamplon.  Angast. 1852.)

In taking the chair in this department of the bislogical section
of the Britizh Assaciation, two courses lie open before me. I
might give an address whivh should be a history of the progress
of anthropology during the last yesr. or T might devote myself
to some speeind branch.  The swift developement of our young
and rapidly erowing seience. which embraces within its =cope all
that is known, not merely about man, but about his environment,
in present and past times, venders the first and more ambitious
course peculiarly difficult to one, like myselfl laharing under the
pressure of many avoeations. 1 mm therefore driven to adopt
the second and the easter, by choosing a subject with which I
am fimiliar. and which appears tg me to be appropriate in this
place of meeting. I propose to place before you the present
phase of the inquiry into the antiquity of man. and to point out
what we know of the conditions of lite—though owr knowledge
of thew is imperfeet and fragmentary—ander which wan has
appeared in the Old and in the New Worlds.  The rudely chipped
implements left by the primeval hunters in the beds of gravel of
Hampshire and Wiltshive, and aloug the shores of Southampton
Water and clsewhere, are cloquent witnesses of the presence of
man in this district. at « time when there was no Southampton
Water, and the elephant and the veindeer wandered over the site
of this busy mart of ships; when the Isle of Wight was not an
island, and the River-drift hunter could walk across from Ports-
mouth to Cowes, with no obstacle excepting that offered by the
rivers and morasses I propose to enter upon the labors of Prest-
wich, Iivans, Stevens and  Blackmore, Codrington, Read, Brown
and other investigators in this conntry, and to combine the results
of their inquirics with those in other countries, and with some
observations of my own which T was able to make in 1880, dur-
ing my visit to the United States.

THE LIMITATION OF THE INQUIRY.

The most striking feature in the study of the Tertiary period
is the gradual and orderly suecession of higher types of Mam-
waliz, so well defiued aud so orderly, that I bave used it as 2
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basis for the classification of the Tertiary period. We find the
placental mammals becoming more and more specialised as we
approach the frontier of history. The living orders appear in
the Eocene, the living genera in the Meciocene, a few living
species in the Pleiocene, and the rest in the Pleistocene. The
characteristics of this evolution of living forms may be summed up
in the following table :—

DEFINITION OF TERTTARY PERIOD BY PLACENTAL
LAND MAMMALS.

VI. Historie;in which  Events included in Founded on discover-

the events are re- history. ies, documents, re-
corded in history. fuse heaps, caves,
tombs.

V. Prehistoric; in Man abundant; do- Camps, habitations, ve-
which domestic mestic  animals, fuse heaps, surface

animals and cul- cultivated fruits, accumulations, caves
tivated fruits ap- spinning, weaving, alluvia, peat - bogs,
pear. pottery - making,  submarine forests,

mining, commerce;  raised beaches.
theneolithic, bron-

ze, and iron stages

of culture.

IV. Pleistocene ;  in Manappears; dAnthro- Refuse heaps, contents

which living spe- pidie ; the palaeoli- of caves, river depo-
cies of placental thic hunter; living sits, submarine for-
mamials are more species abundant. ests, boulder clay,
abundant than the moraines, marine
extinet. sands, and shingle.
1I1. Pleiocene ; in Living species ap- Fresh-water and mar-
which living spe- pear; apues, Suniadz, ine strata; volcanic
cies of placental in Southern Eu- débris (Auvergne).

mammals appear. rope.
II. Meciocene; in Living genera ap- Fresh-water and mar-

which the alli- pear; apes, Simiade, ine strata; volcanic
ance between liv- in Curope & North débris  (Auverguo);
ing and placental  America. lignites.

mammals is more
close than before.

1. Eocene; in which  Livingorders and fa-  Fresh-water and mar-
the placental ma- milies appear; le- ine strata ; lignites.
mmals now on  murs(Lenuridz) in
carth were repre- Europe and North
sented by allied America.
forms belonging
to ¢xisting orders
and families.

The orders, fumilics, geuera, and species in the above table,
when traced forward in time, full into shape in a geological tree,
with its trunk hidden in the Sccondary period, and its branch-
Vor. X. X No. 6.
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lets (the living species) passing upwards from the Pleiocene, a tree
of life, with liviog Mammalia for its fruit and foilage. Were
the estinet speeies tiken into account, it would be seen that
they fill up the intervals separating one living form from another,
and that they too grow more wid more like the living forms as
they approach nearer to the present day. It must be remem-
bered that in the above definitions the fossil marsupials ave pur-
posely ignored, because they began their specialisation in the
Secondary period, and had arrived in the Hocene at the stage
whiceh is marked by the presence of a living genus—the opossum
(Didelphys).

It will be scen from the examination of the above table, that
our inquiry into the antiquity of man is limited to the last four
of the divisions. The most specialised of all unimals cannot be
looked for until the higher Mammalia by which he is now sur-
rounded were alive.  We cannot imagine him in the Eocene age,
at a time when animal life was npt sufficiently differentiated to
present us with any liviog genera of placental mammals. Nor is
there any probability of his having appeared on the earth in the
Meiocene, because of the absence of the higher placental mam-
mals belonging to living species. Tt is most unlikely that man
should have belonged to a fauna in which no other living species
of mammal was present.  He belougs to o more advanced stage
of evolution than the mid-Mciocence of Thenay, as may be seen by
u reference to the preceding table.  Up to this time the evolu-
tion of the amimal kingdom had advauced uno further than the
Simadee in the direction of man, and the apes then haunting the
forests of Ttaly, France, and Germany, represeut the highest type
«of those on earth.

We may also look at the question in auother peint of view.
If mau were upon the earth in the Meiocene age, it is incredible
that he should not have beecome something clse in the long lapse
of ages, and during the changes in the conditions of life by which
all the Meioeene land Mammalia have been so profoundly affected,
that they have been either exterminated, or have assumed new
forms. Tt is impossible to belicve that man should have beeu
an exeeption to the law of change, to which ail the higher Mam-
malia have been subjected since the Meiocene age.

Nor in the succeeding Pleiocene age can’ we expect to find man
upon the earth, because of the very few living species of placental
mammals then alive. The evidence brought forward by Professor
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Capellinni, in favor of Pleiocene man in Italy, scems both to me
and to Dr. Evans unsatisfactory, and that advanced by Professor
Whitoey in support of the existence of Pleioccne man in North
Anmerica, carnot in my opinion be maintained. Tt is not until
we arrive at the suceeeding stage, or the Pleistocene, when living
species of Mammalia begin to abound, that we meet with undis-
putable traces of the presence of man on the carth.

THE PLEISTOCENE PERIOD.

As a preliminary to our inquiry we must first of all define
what is meant by the Pleistocene Period. It is the equiva-
lent of the Quaternary of the French, and the Postpleiocene of
the older works of Lyell, and it includes all the phenomena
known in latitudes outside the Aretic Circle, where ice no longer
is to be found, under the name glacial and inter-glacial. It is
characterised in Kurope, as I have pointed out in my work on
¢ Barly Man in Britain,” by the arrival of living species, which
may be conveniently divided into five groups, according to their
present habitats. The first consists of those now found in the
temperate zones of Hurope, Asin, aud North Awmerica. It in-
cludes the following animals :—

Mole, musk shrew, common shrew, mouse, beaver, hare, pika,
pouched marmot, water-vole, red £eld-vole, short-tailed field-vole,
Coutinental field-vole, lynx, wild cut, wolf, fox, martes, ermine,
stoat, otter, brown bear, grisly bear, badger, horse, bison, urus,
saiga antelope, stag, roe, fallow-deer, wild boar.

The secoud consists of antmals of aretic habit :—

Russiun vole, Norwegian lemming, arctic lemming, varyiog hare,
musk sheep, reindoer, arctic fox, glutton.

TLe third is composed of those which enjoy the cold climate
of the mountains :—

‘The Snowy vole, Alpine marmot, chamois, and ibes.

These unimals invaded Europe from Asia, and as the cold in-
creased, the temperate group found their way into Southern
BEurope and Northern Africa, while the arctic division pushed as
far south as the Alps and Pyrences.

The fourth group of invading forms is represented by animals
now only found in warm countries :—

Porcupioe, lion, panther, African lypx, Caffre cat, spotted
hyena, striped hyena, and African elephant.

This group of animals is found as far to the vorth as York--
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shire, and as far to the west as Treland.  Among the southern
avimals, too, must be reckoned the hippopotamus, which lived as
far north as Britain in the Pleiocene age, and in the Pleistocene
oceurs in caves and river deposits, in intimate ussociation with
some arctic species, such as the reindeer.

The fifth group is composed of extinct species, hitherto un-
knowu in Europe in the Pleistocene age, such as:—

The straight-tusked elephant, mammoth, the pigmy elephants,
wooly and small-nose rhinoceroses, the Irish elk, pigmy hippo-
potamus, and the cave bear.

The question as to which of these groups the River-drift man
belongs must be deferred till we can take a survey of the evidence
clsewhere,

The early Pleistocene division is characterized by the presence
of the tewperate and southern species in Britain; the middle
stage hy the presence of the arctic, but not in full force; and the
late Pleistocene by the abundaneg of arctic animals, not only in
Britain, but on the Continent as far as the Alps and Pyrences,
and the Jower valley of the Danube.

THE BARLY PLEISTOCENE FOREST AND MAMMALS OF EAST
ANGLIA.

The first view which we get of the Pleistocene Mammalia in
this country 1= offered by the accumulations associated with the
buried forest of East Anglia. Tt extends for more than forty
miles alonyg the shores of Norfolk and Suffolk, from Cromer to
Kessingland, passing into the cliff on the one hand and beneath
the sca on the other.  The forest was mainly composed of sombre
Scotch firs and dark clustering yews, relieved in the summer by
the lighter tinted foliage of the spruce and the oak, and in the
winter by the silvery gleam of the bivches, that clustered thickly
with the alders in the marches, and stood out from a dense under-
growth of alees und hazels, Among the animals living in this
forest of the North Sea were speeies which haunted the valleys
of the upper Scine at the time, such as the sonthern clephant,
the Itruscan rhinoceros, the deer of the Carnutes, extinct
horses, and the large extinet beaver. There were in addition to
the shaggy-mained mammoth, the straight-tusked clephant, and
the big-nosed rhinoceros. The stag, the roe, the Irish clk, were
iv the glades, Sedgwick’s deer, with its many pointed antlers,
the verticorn deer, and the gigantic urus. The undergrowth



-Nou. 6.] DAWKINS—THE ANTIQUITY OF MAN. 365

formed a covert for the wild boar, and for beasts of prey, many
in speciex and formidable in nnmbers, the cave bear, the hugest
of its kind, the sabre-tooth lion, the welf, the fox, and the wol-
vering.  Among the smaller animals were to be noted the musk
shrew, the common shrew, and a vole. In the trees were squir-
rels.  Under foot the moles raised their hillocks of earth, and
from between the lofty fronds of the Osmund royal beavers were
to be seen building their lodges, and the hippopotamus as he
emerged from the water and disappeared in the forest. Out of
thirty species identified, no less than seventeen are living in some
part of the world, and we have there obviously the stage in the
evolution of mammalian life when the living species were becom-
ing more abundant than the extinet. We may note, too, the
absence of arctic animals in this fauna, more particularly of the
reindeer.

The presence of these animals in Norfolk and Suffulk implies
that at this time Britain was united to the Continent, and the
presence of fossil species found in France indicate a southern
extension of Jund in the direction of the Straits of Dover. The
forest covered a large portion of the area of the North Sea, and
in alt probability the Atluntic seaboard was then at the 100-
fathom line of the west eoast of Ireland.

No traces of man have as yet been discovered in these deposits,
although the large percentage of living species of higher Mam-
malia indicates that the geological clock had struck the hour when
he may he lnoked for.

THE APPEARANCE OF THE RIVER-DRIFT HUNTER AT
CRAYFORD AND ERITH.

The living speeies in the forest bed are to be looked upon as
an advanced guard of a great wigration of Asintic and African
species, finding their way into North-western Buvope, over the
plains of Russia, and over barriers of land conneeting . Northern
Atriea with 8pain by way of Gibraltar, and with Traly by way
of Malta and Sicily (sce * Cave Hunting aud BEarly Man 7).

In the course of time the other living specics followed, and
extinet species become more rare.  Tn the deposits, for instance,
of the ancient Thames, at Illford and Grays Thurrock in Essex,
and at Krith and Crayford in Kent, out of twenty-six speeies, six
only belong to estinet forms—the new comers comprising the
Jion, wild cat, spotted hyena, and otter, the bison and the musk
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sheep. A flint flake discovered by the Rev. Osmund Fisher, at
Crayford, and a second discovered by Messra. Cheadle and Wood-
ward, at Irith, prove that man was preseat in the valley of the
Thames ut this time; while the more recent discoveries of Mr.
Flaxman Spurrell indicate the very spots where the palwolithie
hunter made his implements, aud prove that he used implements
of the River-drift type, so widely distributed over the surtace of
the earth.  The arctic animals at this time weve present, but
not in tull force, in Southern Britain, and the innumerable rein-
deer which characterise the later deposits of the Pleistocene age
had not, 5o far as we know, taken possession of' the valley of the
Thames.

To what stage iu the Pleistoceue period are we to refer these
traces of the River-drifc hunter ?  The.only wuswer which I am
able to give is that the associated animals are intermediate be-
tween the Forest-bed group and that which characterises the
late Pleistocene division in the region extending from the Alps
and the Pyrenees as far north as Yorkshire, Nor am T able to
form an opinion about their relation to the submergence of
Middle or Novtheru Britain under the waves of the glacial sea.
They are quite as likely to be pre- as post. glacial.

THE RELATIONS OF THE RIVER-DRIFT HUNTER OF THE LATE
PLEISTOCENE TO THE GLACIAL SUBMERGENCE.

The rudely chipped implements of the River-drift hunter lie
seattered through the late Pleistocene river deposits in Southera
and Bastern Kogland in cnormous abundance, and as a rule in
association with the remaios of animals of arctic and of wurm
habit, as well as some or other of the extinct species of reindeer
and hippepotamus, along with mammoth and wooly rhinoeeros.
What is their relation to the submergence of the laud and the
lowness of the temperature, which combined together have
resulted in the local phenomena known as glacial and inter-
glacial ?

The geographical change in Northern Europe at the close of
the Forest-bed age was very great. The forest of the North Sea
sank beneath the waves, and Britain was depressed to a depth of
no less than 2,300 fect in the Welsh mountains, and was reduced
to an archipelago of islands, composed of what are now the higher
lands. The area of the English Chanuel also was depressed, and
the “silver streak ™ was somewhat wider than it is now, as is
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proved by the vaised beach at Brighton, at Bracklesham, and
elsewhere, which marks the sea line of the largest island of the
archipelago, the southern island as it may be tevmed, the northern
shores of which extended along a line passing from Bristol to
London. The northern shore of the Continent at this time ex-
tended castward from Abbeville north of the Erzgebirge, through
Saxony and Poland, into the middle of Russia, Seandinavia being
an jsland from which the glaciers descended into the sea.

This geographical ehange was accompanied by a corresponding
change in climate.  Glaciers descended from the higher moun-
tains to the sea Jevel, and icebergs, melting as they passed south-
wards, deposited their burdens of clay, sand, and erratics, which
occupy such a wide area in the portion then submerged of Britain
and the Continent.

This depression was followed by a re-clevation, by which the
British Isles, again formed a part of the Continent, and all the
large tract of country within the 100-fathom line again became
the feeding-grounds of the Pleistocene Mammalia.

An appeal to the animals associated with the River-drift im-
plement= will not help us to fix the exact relation of man to these
changes, because they were in Britain before as well as after the
submergence and were living throughout in those parts of Europe
which were not submerged. It can only be done in areas where
the submergence is clearly defined. At Sulisbury, for instance,
the River-drift hunter may have lived either before, during or
after the southern counties became an island.  When, however,
he hunted the woolly and leptorhine rhinoceros, the mammoth,
and the horse in the neighborhood of Brighton, he looked down
upon a brond expanse of sea, in the spring flecked with small
iechergs, such as those which dropped their burdens in Brackle-
sham Bay. At Abbeville, too, he hunted the mammoth, rein-
deer, and horse down to the mouth of the Somme on the shore of
the glacial sea.

The evidence is equally clear that the River-drift hunter fol-
lowed the chase in Britain after it had emerged from beneath the
waters of the glacial sea, from the fact that the river deposits in
which his implements occur either rest uyon the glacial elays, or
are composed of fragments derived from them, as in the oft-
quoted cases of Hoxne and Bedford. Further, it is very pro-
bable that he may have wandered close up to the edge of the
glaciers then covering the bigher hills of Wales and the Pennine
chain.
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The severity of the climate in wivter at this time in Britain is
proved, not merely by the presence of the arctic animals, but by
the numerous ice-born blocks in the river gravels dropped in the
spring after the break-up of the frosts,

THE RANGE OF THE RIVER-DRIFT MAN ON TE CONTINKNT
AND IN THE MEDITERRANEAN AREA.

The River-drift man is proved, by the implements which he
left behind, to have wandered over the whole of France, und to
have hunted the same animals in the valleys of the Loirve and the
Garonne as in the valley of the Thames.  In the Iberian penin-
sula he wax a contemporary of’ the African clephaut, the mam-
woth, and the siraight-tusked elephant, and he oceupied the
neighborhood of both Madrid and Lisbon. e also ranged over
Ttaly. leaving traces of his presence in the Abruzzo. and in
Greeee he was a contemporary of the extinet pigmy hippopotamus
(I, Pentlundi).  South of the Mediterrancan his implements
have been met with in Qran, andinear Kolea in Algeria, and in
Egypt in several localities. At Luxor they have been discovered
by General Pitt-Rivers in the breceeia, out of which are hewn the
tombs of the kings. In Palestine they have been obtained by the
Abbé Richard between Mount Tabor aund the sea of Tiberias,
and by Mr. Stopes between Jerusalem and Bethlehem. Through-
out this wide area the implemeuts, for the most part of flint or
of quartzite, are of the same rude types, and there is no difference
to be noted between the faches found in the cave of Cresswell in
Derbyshive, and those of Thebes. ar between those of the valley
of the Somme and those of' Pualestine. Nor is our survey yet
ended. :

THE RIVER-DRIFT MAN IN INDIA.

The rescarches of Foote, King, Medlicott, Hucket, and Ball,
establish the fact that the River-drift hunter ranged over the
Indian peninsula from Madias as far north as the ualley of the
Nerbudds. Here we find him forming part of a fauna in which
there are species now living in India, such as the Indian rhino-
ceros and the arnce, and extinet types of oxen and clephants.
There were two extivet hippopotumi in the rivers, and living
gavials, turtles, and tortoises, It is plain, therefore, that at this
time the fauna of India stood in the sume relation to the present
fauna as the Buropean fauna of the lute Pleistocene does to that
now living in Europe. In both there was a similar association
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of extinet and living forms, from both the genus Hippopotamus
has disappeared in the lapse of time, and in both man forms the
central figure. '

THE RIVER-DRIFT HUNTER IN NORTH AMERICA.

We are led from the banks of tropical Ivdia to the bunks of
the Delaware in New Jersey by the recent discoveries of Dr. C.
C. Abbott in the neighborhood of Trenton. After a study of
his collection in the Peabody Museum in Cambridge, Mass., I
have had the opportunity of ezamining all the specimens found
up to that time, and of visiting the locality in company with Dr.
Abbott and Professors Haynes and Lewis. The implements are
of the same type as those of the river gravels of Europe, and
occur under exactly the same conditions as those of France and
Britain. They are found in a plateau of river gravel forming a
terrace overlooking the river, and composed of materials washed'
down from the old terminal moraine which strikes across the
State of New Jersey to the westward. The large blocks of stone
and the general character of the gravel point out that during the
time of its accumulation there were ice-rafts floating down the
Delaware in the spriog, as in the Thames, the Seine, and the
Somme. According to Professor Lewis it was formed during
the time when the glacier of the Deleware was retreating (¢ late
glacial ””), or at a later period (*“post-glacial”’). The physical
evidence is clear that it belongs to the same age as deposits with
similar remains in Britain. The animal remains also point to
the sume conclusion. A tusk of mastodon is in Dr. Cooke’s col-
lection at Brunswick, New Jersey, obtained from the gravel, and
Dr. Abbott records the tooth of a reindeer and the bones of 2
bison from Trenton. Here, too, living and extinet species are
found side by side.

Thus in our survey of the group of animals surrounding man
when he first appeared in Europe, India, and North America,
we see that in all three regions, so widely removed from each
other, the animal life was in the same stage of evolution, and
“the old order” was yielding “place unto the new.”” The River-
drift man is proved by his surroundings to belong to the Pleis-
tocene age in all three.

The evidence of Paleolithic man in South Africa seems to me
unsatisfactory, because as yet the age of the deposits in which
the implements are found has not been decided.  ’

Vor. X. x2 No. 6.
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GENERAL CONCLUSIONS.

It remains now for us to sum up the results of this inquiry, in
which we have been led very fur afield. The identity of the
implements of the River-drift hunter proves that he was in the
same rude state of civilisation, if it cun be called civilisation, in
the Old and New Worlds, when the haods of the geological clock
pointed to the same hour. It is not a little strange thet his
mode of life should have been the same in the forests to the
north as south of the Mediterranean, in Palestine, in the tropical
forests of India, und on the western shores of the Atlantic. The
huater of the reindeer in the valley of the Deleware was to all
intents and purposes the same sort of savage as the hunter of the
reindeer on the banks of the Wiley or of the Solent. It does
not, however, tollow that this identity of implements implies that
the sume race of men were spread over this vast tract. It points

rather to a primeval condition of savagery from which mankind
has emerged in the long ages Whlch separate it from our own
time.

It may further be inferred, from his wide-spread range that
the River-drift man (assuming that mavkind sprang from one
-centre) must have inhabited the earth for a long time, and that
his dispersal took place before the glacial submergence and the
lowering of the temperature in Northern Europe, Asia, and
America. It is ot reasonable to suppose that the Straits of
Behring would have offered a free passage, either to the River-
-drift man from Asia to America, or to American animals from
America to Kurope, or vice rers@, while there was a vast barrier
-of ice or of sea, or of both, in the high northern latitudes.

I therefore feel inclined to view the River-drift hunter as hav-
ing invaded Hurope in pre-glacial times along with the other
living spocies which then appeared. The evidence, as I have
ﬂlxe.ld) pointed out, is conclusive that he was also glacial and
post-glacial.

In all probability the birth-place of man was in a warm if not
4 tropical regiou of Asia, in ““a garden of Eden,” and from this
the River-drift man found his way into these regions where his
implements oceur. In India he was a member of a tropical
fauna, and his distribution in Kurope and along the shores of the
Mediterrapeun prove him to have belonged either to the tem-
perate or the southern fauna in those regions.
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It will naturally be asked, to what race can the River-drifs
man be referred? The question, iv my opinion, cannot be
answered in the present stage of the inquiry, because the few
fragments of human bones discovered along with the implements
are too imperfect to afford a clue. Nor can we measure the
interval in terms of years which separates the River-drift man.
from the present day, either by assuming that the glacial period.
was due to astronomical causes, and then proceeding to calculate
the time necessary for them to produce their result, or by an
appeal to the erosion of valleys or the retrocession of waterfalls.
The interval must, however, have been very great to allow of the
changes in geography and climate, and the distribution of animals
which has taken place—the succession of races, and the develop-
ment of civilisation before history began. Standing before the
rock-hewn tombs of the kings of Luxor, we may realise the-
impossibility of fixing the time when the River-drift hunter lived
on the site of ancient Thebes, or of measuring the lapse of time
between his days and the splendor of the civilisation of Egypt.

In this inquiry, which is all too long, I fear, for my audience
and all too short, I know, for my subject, I have purposely
omitted all reference to the successor of the River-drift man in
Europe—the Cave man, who was in a higher stage of the hunter
civilisation. In the course of my remarks you will have seen
that the story told by the rudely chipped implements found at
our very doors in this place, forms a part of the wider story of
the first appearance of man, and of his distribution on the earth
—u story which is to my mind not unfitting as an introduction
to the work of the Anthropological Section of this meeting of*
the British Association. T
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THE
SUCCESSIVE PALAOZOIC FLORAS OF CANADA.

By J. W. Dawsox, LLD., F.RS.

Read before the American Association for tho Advancoment of Science at its
Montreal meeting, August 1882,

In castern Canada, and more especially in the Maritime Pro-
vinces, we are so fortunate as to possess very complete and well
developed representatives of the Carboniferous and Erian or De-
vonian systems, and more espeeially of their shallow-water and
estuarine formations. We thus have a nearly continuous series of
fossil plants extending all the way from the Silurian to the Perm-
ian, and embracing seven sub-floras, as they may be termed, all
more or less distinguishable from cach other.

In a report recently prepared by request of the Dircetor of
the Geological Survey of Cunuda, and soon to be published, I
have endeavored to characterize these several sub-floras <o as to
render thews useful to practical geologists; and in the present
paper I propose to illustrate them in such a manner as to direct
the attention of members of the Geological section of the Asso-
ciation to the succession observed., and to the use which may be
made of it, whether for theoretieal or practical purposes.

I shall begin, for convenience, with the newer, and proceed to
the older formations.

N 1. CARBONIFEROUS FLORA.

(1.) Permo-Cuarboniferous Subflora :—

This occurs in the upper member of the carboniferous system
of Nova Scotia and Prince Bdward Island, originally named by
the writer the Newer Coal Formation, and more recentiy the
Permo-Carbonife -ous; and the Upper beds of which wmay not
improbably be contemporancous with the Lower Permian or
Lower Dyas of Iiurope. In this formation there is a predomi-
nance of red swdstones and shales, and it contaios no productive
beds of coul. [ts fossil plants are for the most part of species
found in the Middle or Productlve Coul-formation, but arc less
numerous, and there are a few new forms akin to those of the
European Permian. The most characteristic species of the
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upper portion of the formation, which has the most decidedly
Permian aspect, are the following:—
Dudozxylon materiarivm, Dawson.
* Walchia (Araucarites) robusta, Dn.
* W. (4.) gracilis, Dn.
Calimites Suckovii, Brongt.
C. Cistit, Brongt.
* C. Giguas, Brongt.
Neuropteris rarinervis, Bunbury.
Alethopteris nervosa, Brongt.
Pecopteris arberescens, Broogt.
# P. rigida, Dn.
P. orcopteroides, Brongt.
* Cordaites simplex, Dn.

Of " these specics those marked with an asterisk have not yet
been found in the Middle or Lower members of the Carbonifer-
ous system. They will be found described and several of them
figured in my Report on the Geology of Prince Edward Island.
The others are common and  widely diffused Carboniferous
species, some of which have extended to the Permian period in
Burope as well.  From the Upper beds characterized by these
and a few other specics, there is a gradual passage downward
into the productive-Coal measures, and a gradually increasing
pumber of true Cval-formation species.

It is worthy of remark here that the association in the Permo-
Carboniferous of numecrous trunks of Dadoxylon with leafy
branches off Walchic and with fruits of the character of 7ri-
gonocarpu, seems to show that these were parts of one and the
same plant.

(2. Coul-Formation Subfloye :—

The Middle or Praductive Coal-formation, containing all the
beds of conl which sre mined in Nova Scotia and Cape Breton, is
the head-quarters of the Carboniferous flora.  IFrom this forma-
tion T have catalogucd® 133 species of plants; buv as several of
these are founded ou imperfect specimens, the number of actual
species may be estimated at 120, Of these more than one half
are species common to urope and America. No less than
nineteen species are Sigillarice, and about the sume number are

* Acadian Geology, and Report on Flova of Lower Cavbonifevous 1873
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Lepidodendra.  About fifty are Ferns and thirteen are Cala-
mites, Asterophyllites and Sphenophylle. The great abundance
and aumber of species of Sigillarie, Lepidodendra and feros are
characteristic of this sub-flora; and amoog the ferus certain
species of Neuropteris, Pecopteris, Alethopteris and Sphenopteris,
greatly preponderate.

(3.) The Millstone Grit Subflora :—

In this formation the abundance of plants and the number of
speeies are greatly diminished. Trunks of Coniferous trees of
the species Dudoxylon Acadiameon, having wide wood-cells with
three or more series of dises and comples medullary rays, be-
come characteristic.  Caluwmites undulutum is abundant and
seems to veplace C. Suckovii, though C. cannwformis and C.
Cistii continue.  Sigilluric become very rare, and the species of
Lepidodendron are few, and mostly those with large leaf-bases.
Lepidofloyos still continues and Cordaites abounds in some beds.
The ferns ave greatly reduced, though a few characteristic Coal-
formation speeies oceur, and the genus Curdiopteris appears.
Beds of conl are rare in this formation; but where they oceur
there is in connection with them a remarkable auticipation of
the Coal-formation flora, which would thus secem to have ex-
isted locally in the Millstone Grit peried, but to have found itself
limited by generally unfivorable conditions. In Amerien, as in
Europe, it is in the North that this carlier development of the
Coal Fle.a oceurs, while in the South there is a lingering of the
older forms in the newer beds.

(+) Zhe Lower Carboniferous Subflora :—

This group of plants is best seen in the Shales of the Horton
series, under the Lower Carboniferous mariue limestones. It is
small and peculiar.  The most chavacteristic species are the fol-
lowing :—

Dudoxylon (Palecoxylon), antiguius, Du.— A species with
large medullary rays of three or more scries of cells.
Lepidodendron corrugatum, Dn.—A species closely al-

lied to L. Veltheimianum of Europe, and which is its
American representative. This is perhaps the most
characteristic plant of the formation, and presents
very protean appearances, in its old stems, branches,
twigs and Knorria forms. It had well characterized
stigmaria roots, and covstitutes the oldest erect forest
known in Nova Scotia.
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Lepidodendron tetragonum, Sternberg.

L. obovatum, Sternb.

Io. aculeatum, Sternb.

L. dichotomum, Sternb.

These species are comparatively rare, and the specimens
are too imperfeet to render their identification eertain.

Cyclopteris (Aneimites) Acadica, Dn.—A very charac-
tevistic fern, allied in the form of its fronds to C.
tenuifolia of Goeppert, to C. nana, of Eichwald, and
to Adiantites antiquus of Stur. Its fructifieation,
however, is nearer that of Aneimia than to that of
Adiantum,

Ferns of the genera Cardiopteris and Ilymenophyllites
also occur, though rarely.

Prilophyton plumula, Pn.—This is the latest appearauce
of this Erian geous, which also oceurs in the Lower
Carboniferous of Burope and of the United States.

Corddaites borassifolia, Brongt.

On the whole, this small flora is markedly distinet from that
of the Millstone Grit and true Coal formation, from which it is
separated by the great Jength of time required for the deposition
of the marine limestones and their associated beds, in which no
land plauts have been found; nor is this gap filled up by the con-
glomerates and coarse arenaccous beds which. as I have explained
in Acadian Grology, in some localities, take the place of the lime-
stoues.

In my Report on the Plants of the Millstone Grit and Lower
Carboniferous, T have referred at length to their relation to the
foreign beds of similar age, and which are known to geologists
by a number of local names.

2. ERIAN FLORA.

Q1.) Upper Erian Sub-flora :—

This corresponds to the Catskill and Chemung of the New
York series, and to the Upper Devonian of Europe.

The flora of this formation, which consists mostly of sand-
stones, is not rich. Its most distinetive species on both sides of
the Atlantic seem to be the ferns of the genus Archacopteris,
along with species referred to the genus Cyclopteris, but which,
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in so far as their barren frouds are concerned, for the most part
resemble Archueopteris.

The representative species Archacopteris Jacksoni, A. Rogerst
and A. Guspiensis, are deseribed in the Report above referred to,
as well as Cyclopteris obtusa and C. Brownii, both very charac-
seristic species.

Leptophleum rhombicum aud fragments of Psilophyton are
also found in the Upper Erian. 'There is evidence of the
existence of extensive forests probubly of Lycopodiaceous trees in
this period, in the deposits of spore-cases (Sporangites Huron.
ensis) in the shales of Kettle Point, Luke Huron; and Prof.
Orton, of Columbus, Ohio, informs me that extensive deposits
of' similar charuacter exist in that State, though with accompani-
ments which suggest doubt as to the origin above stated.

The Upper Brian Flora is thus very distinet from that of the
Lower Carboniferous, and the unconformable relation of the beds
may perhaps indicate « considerable lapse of time. Still, even
in countries where there appears to be a transition from the Car-
boniferous into the Devonian, the characteristic flova of cach
formation may be distingunished.

2.) Middle Erian Subflora.

Both in Canada and the United States that part of the great
Erian System which may be regarded as its middle division, the
Hamilton and Marcellus Shales of New York, the Cordaites
Shales of St. John, New Brunswick, and the Middie Shales and
Sandstones of the Gaspé series, presents conditions more favor
able to the abundant growth of lund plauts than cither the Upper
or Lower member.  In the St. Johu beds in particular, there is
arich fern flora, comparable with that of the Co:l formation.
It is, however, distinguished by a prevaleuce of small and deli-
cate species, and by such forms as Zymenophyllites and the
smaller Sphevopterids, and also by some peculiar ferns, as Arch-
acopteris and  Megalopteris.  In addition to ferns, it has small
Lepidodendra, of which L. Gaspianum is the chiel.  Ceulumites
oceur, C. radiatus being the dominant speeics. This plant,
which in Europe, appears to reach up into the Lower Carbonifer-
ous, is so far strictly Erian in America. Sigilluriee scarcely
appear, but Corduites is abundant, and the earliest known species
of Dadowxylon appear, while the Pstlophyton so characteristic of
the Lower Eriap, still cootinucs, and the remarkable aquatic
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plants of the genus Ptilophyton are locally abuudant. A tabu-
Jar view of this flora will be found in Part I. of my Report.

(3.) Lower Erian Sub-flor«.

This belongs to the Lower Devonian Sandstoncs and Shales,
and is best seen in that formation at Gaspé and the Bay des
Chaleurs. It is characterised by the abscoce of true ferss,
Calamites and Sigillurier, and by the presence of such forms as
Dsilophyton, Arthrostigme, Leptophleum and  Prototauites.
Lepidodendron Guaspianum and Leptophlenm alveady oceur,
though not nearly so abundant as Psilophyton.

The Lower Erian plants have an antique and generalised
aspect which would lead us to infer that they are near the begin-
ing of the land flora, and practically few indications of land
plants have been found carlier within the limits of Canada.

(3.) THE SILURIAN FLORA AND STILL EARLIER INDICATIONS
OF PLANTS.

In the Upper beds of the Silurian, those of the Helderberg
series, we still find Psilophyton and Prototazites ; but below these
we have no land plants.  In the United States, Lesquereux and
Claypole have deseribed remains which may indicate the exis-
tence of Liycopodiaceous and Annularian types as far back as the
beginning of the Upper Silurian, and Hicks has found Lrototuw-
ites and Psilophyton in beds as old in Wales, ulong with some
uncertain stems pamed Berwynin.  In the Lower Silurian the
Protannularic of the Skiddaw series in England, may represent
a kwd plant, but this is uncertain, and no similar species has
been found in Cunada.

Specimens of the so-called Eopteris found in rocks equivaleng,
to the Hudson river series in France, couvince me that this is
nothing but an aggregation of tabular erystals of pyrite, which
would seem, however, to have formed around thread-like stems
perhaps belonging to Algae, or perhaps of the nature of scolithvid
burrows.

The Cambrian rocks are so far barren of land plants; the so-
called Eophyton being evideutly nothing but markings, probably
produced by crustaceans and other aquatic animals. In the still
older Laurentian, the abundant beds of graphite prebably indi-
cate the existence of plants, but whether aquatic or terrestrial it
is impossible to decide at present. I have discussed this subject
Vo X. ¥ No. 6.
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in a paper on the Laurentian Graphite in the Journal of the
Geologieal Society of London (1870).

It would thus appear that in so far as Canada i> concerned,
our certain knowledge of Land Vegetation begins with the Upper
Silurian, and that its earliest forms were Acrogens allied to Ly-
copods and prototypal gymnosperms, forerunuers of the conifers.
In the Lower Devonian little advance is made. In the Middle
Devonian this meagre flora had been replaced by one rivalling
that of the Carboniferous, and ineluding Pines, Tree-ferns, and
arboreal forms of Lycopods and of Equisctaceous plants, as well
as numerous herbaceous plants. At the close of the Jrian the
flora again became meagre, and continued so in the Lower Car-
boniferous. It again became rich and varied in the Middle Car-
honiferous, to decay in the succeeding Rermian.

In the Mesozoic a new flora appears; and in Western Canada
we have, in the Middle Cretaceous, forests of Angiospermous
Exogens comparable with those of modern times and including
many modern genera. In Eastern Canada we have no known
representative of the floras which intervened between the Per-
mian aud Pleistocene.

THE AMERICAN ASSOCIATION FOR THE
ADVANCEMENT OF SCIENCE.

The thirty-first meeting of this Association was held at Mont-
real under the presidency of Prineipal J. W. Dawson, of MeGill
College, from August 23rd to 30th inelusive. The meeting was
called to order at 10 A on the 23rd, by the retiring president,
Prof. Geo. J. Brush, who called upon the president clect to
occupy the chair.

Addresses of welcome were delivered by the Mayor of the city
on behalf of the citizens, and by Dr. Sterry Hung, Chairman or
the Local Committee. The President replied to these addresses.
The work of organising the Sections of the Association was then
procceded with, and at one o’clock the Associution sat down to a
sumptous lunch, tendered by the Local Committec.

On the evening of the opening day the the address of the retir-
ing president was delivered to a large audience in the Queen’s
Hall, the subject heing the ¢ Progress of American Mineralogy.”
Following this address came a reeeption of the.members of the
Association by the Local Commwittee in the Assembly Rooms of
-the same building. .

/
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On Thursday the special work of the various Sections was
opened by addresses from the several vice-presidents, and con-
tinued from day to day uatil all the papers aceepted had been read.
On Thursday, 2+4th inst., Principal Dawson tcudered the Asso-
ciation a reception in the wew Peter Redpath Muscum, which
was then formally opened.  During a portion of the evening an
address on Caves and Cave Scenery was given in the Lecture
Theatre of the Museum, by Rev. I1. C. Horey. Saturday, the
26th August, was devoted to excursions to Quebec and Ottawa,
in onc or other of which nearly all the members present took
part. On Tuesday evening Dr. W. B. Carpenter, of London,
lectured in the Queen's Hall on the ¢ Temperatures of the Deep
Sea.”  The Association adjourned on Wednesday, 30th August,
to meet in Mivucapolis, Minn., in August, 1883. -

During the Session of the Association numerous receptions
were tendered the members by prominent citizens of Montreal,
and besides the larger exeursions noted, smaller ones to the
Lachine Rapids and the Vietoria Bridge and Grand Trunk Rail-
way Shops were provided for the unoccupied hours. A final
excursion to Lake Memphremagog was tendered the Association
on Thursday, August 81st, by the South Eastern Railway, and
was enjoyed by many of the members who remained to the end.

The Montreal meeting was, with one exception, the largest
which has ever been held, the total number of names registered
being 937.  One of the prominent features of this mecting was
the presence of several distinguished European scientists, such as
Dr. Sumuel Haughton of Dublin, M. Rudolph Koinig of Paris,
Dr. J. I1. Gilbert, well known in conncction with investigations
in Agricultural Chemistry; Prof. J. Szabo of Buda-Pesth; Dr.
John Rae, celebrated as an Arctic Explorer; Prof. D. W. Kowa-
levsky of Moscow ; Dr. W. B. Carpenter of Loudon.  We append
a list of the papers read in the Chemical, Geological and Geo-
graphieal, Biological, Histological and Microscopical, and Anthro-
pological Sections. )

CHEMISTRY.

TuoxMas W. Torix: On the causes which render flour and organic
dust explosive, with suggestions for the prevention of such explo-
sions.

Leoxarp P. KesyicutT: Action of water at 100° C. on ihe B-phen-
yltribrompropionic acid.

ALsert R. Leeps: Preliminary notice of a new organic base.
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H. Carnrivarox Bourox: Application of organic acids to the exam-
ination of minerals: Note on the-absorption spectrum of humic
acid.

C. . Manery and Raten Winsox: The action of basic hydrate on
chlortribrompropionic acids : Ou certain substituted acrylic and pro-
pionic acids. .

Cnas. W. Dapxey, Jr.: Notes on effects of different soils upon sol-
uble phosphates ; Some derivatives of isopicraminic acid; A benzoyl
anhydro acid trom B-metamidosalicylic.

C. F. Magery: On the products of the distillation of wood at low
temperatures.

C. C. CatpweLL : Pemberton’s Method for the volumetric determin-
ation of phosphoric acid.

Harvey W. WiLegy and C. A. Croxerox: Estimation of dextrine in
solid commercial starch sugar by loss of rotatory power on solution.

Arraur IL Envtorr and Fren. Saxons: Notes on Bone Oil.

R. B. Warnkr: Observations on the confamination of City Wells.

Erxgsr H. Cook: Carbon dioxide in the Atmosphere; A simple
laboratory appliance.

Arryur H. Enniorr: On _-\‘itro-sa‘cclmrose.

Paper from several Agricultural Chemists on the estimation of re-
verted phosphoric acid.

Harvey W, WiLky: Direct estimation of dextrose, dextrine and
maltose in commercial amylose (sugar starch).

J. B. Lawes and J. H. Gueert: Determinations of nitrogen in the
soils of some of the experimental ficlds at Rothamsted, and the bear-
ing of the results on the question of the sources of the nitrogen of
our crops.

J. Szaso: On i new micro-chemical method of determining the
feldspars in rocks.

J. Kirsee: Fire-damp indicator.

C. G. Waeerer and F. Mexzeu: Transmission of gases through
liquids of different densitics.

Hexny Caryicnars: The solution and late crystallization of gold
heated with chlorohydric acid in a sealed tube.

WiLLiad Duprey: Remarks on the application of the Iridium
knife-edge to analytical balances.

Wy I Erus: Some Tea analyses.

L. W. Axpeews: On the constitution of Benzole.

GEOLOGY AND GEOGRAPHY.

JaMes Harr: On the relations of Dictyophyton, Phragmodictyum
and similar forms with Uphantienia; Note upon the genus Plumulites.

Epwarp Onrrox: A Source of the bituminous matter in the Ohio
Black Shale (Huron Shale of Newberry); Suggestions as to the
History of the Lower Coal-mcasures of Ohio.

Ricuarp Owex': Contribution to Scismology.
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" WinLiam Bross: The Topography and Geology of the Great Salt
Lake valley.

Cuartks WinTtLesey : Pre-glacial channel of Eagle River, Lake
Superior.

J. F. Wmiteaves : Recent Discoveries of Fossil Fishes in the De-
vonian Rocks of Canada; Note on the ovcurrence of Siphonotreta
Scotica in the Utica formation near Ottawa, Ont.

T. Srerry Huxr : The Bozoic Rocks of Central and Southern Eu-
rope; T'he Serpentines of Italy.

Jonxn Rar: Arctic Explorations in North America.

W, B. Dwicur: Recent investigations and palacontological dis-
coveries in the Wappinger limestone of Dutchess and neighboring
countics, New York.

Sanuer Lockwoon: A Mastodon Americanus in a Beaver dam neax
Frechold, N. J.

Rouer? B. Wannper: Silicificd stumps of South Park, Col.

J. W. Dawsoy : Palaozoic Floras of Eastern North America and
more especially of Canada.

J. R. Bartierr: Deep-sea soundings and temperatures in the
Gulf Stream oft the Atlantic Coast, taken under the direction of the
U. 8. Coast Survey.

Jos. W. Seexcer : T'erraces and Beaches about Lalke Ontario; Oc-
currence of Graptolites in the Niagara Formation of Canada.

Gro. H. Coox: On the Change of relative level of the ocean and
uplands on the Eastern coast of North Ametrica.

M. L. Britrox: On a Post-Tertiary Deposit containing impressions
of leaves in Cumberland County, N. J.

W. 0. Crossy : On the classification and origin of Joint Structure.

G. H. Perkins: On the Winooski Marble of Vermont, with exhibi-
tion of specimens.

ALkxis AL Juniey : The Comparative stratigraphy of the erystalline
rocks of North Carolina and Canada: The Genesis of the crystalline
iron ores of North Carolina and Northern Michigan; The Dunyte
beds of North Carolina; The Felsyte-tufa of Colorado.

H. ¥ WarLixe : The origin of joint cracks.

H. Carvin Lrwis: The great terminal moraine across Pennsylvania.

E. W. Cravronk: Note on the exterior markings of bark of Lepi-
dodendron Chemungense; On Amphicalia Cedarvillensis from the
Niagara group of Cedarville, Ohio; Note on the Fauna of the Catskill
Red Sandstone.

Cuas. A. Grauax: A Rocking Stone in New York city.

W. Hasmroy Mermitr: Occurrence of Magnetic ore deposits in
Victoria County, Ontario.

Hexey S, Winniavs: The Undulations of the rock-masses across
Central New York State.

D. W. Kowarevsky : Freshwater lignitic series of the beds in the
Cretaccous formation of France.
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Joux C. Syock : On the surface limit of the thickness of the Con-
tinental glacier in New Jersey and adjacent States, with notes on
glacial phenomena in the Catskills.

C. T IMwrencocw: The Glacial flood of the Connecticut River
Valley

J. S. Nuwugrey : Some mooted points in American Gieology ; Gen-
esis of North Amevican Ilora.

J. Beavrvowre Huwnserr: Curvents of air and ocean in connection
with climate;  Regions of smmmer rains and summer droughts.

Horace C. Ttovey : Subterrancan Mip-making. with new maps of
Mammoth and Luray Caves.

Lucuarn Owey: Law of fracture or fissuring, applied to Inorganic
and Orvganic matter.

F. Core Wmtenouvse: The Caves of Stafla and their relation to the
ancient civilization of Iona.

R, B. Hare: On the assoviation of crystals of Quartz and Caleite in
paraliel position. .

BIOLOGY.

Troyas Mernay : The Fertilizatidn of Yucea.

Wirsiays Oster: Demonstrations of a series of Brains prepared by
Giacomi's method.

Ronr. 4. C. Stearys: Description of a new species of Aleyonoid
Polyp.

W. H. Epwanrns: On the Polymorphism of Lycana pscudargiotus

E. W. Cravrore : Note on the Sterility of the Canada Thistle at
Yellow Springs, Ohio; Tuseets éersus Flowers in the matter of fertili-
zation; Note on the occurrence of traces of a Northern Flora in
Southwestern Ohio.

Wt Savspers: On the Mouth of the Jarva of Chrysopa.

Mus. A. B. Brackwern ¢ Cross heredity fromn sex to sex.

Asa Gray: Some remarks on tne Flora of North America.

Hexey F. Ossory: Lchanodon from the Dridger Kocene beds.

Iexry O. Marcy: The Placental development in Mammals.

W. 8. Bsawn: The motion of roots and radicles of Indian Corn and
beans.,

C. V. RiLev: Observations on the fertitization of Yucea, and on
structural wd anatomical peculiarities in Pronuba and Prodoxus;
The ITibernation of Aletia xylina in the U. S, a settled fact; Emal-
sions of petroleum and their value as insecticides.
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