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ADDRESS

GENTLEMEN OF THE ASSOCIATION,

Havine been kindly invited by you to preside at the last annual
meeting of the Society, it devolves upon me, in accordance with our
rules, to bring before you on this occasion a brief history of the recent
labors of American Geologists, and to take a rapid survey of the pres-
ent condition of geological research in the United States. In attempt-
ing to discharge this acceptable but by no means easy duty, I am well
aware that my sketch will exhibit many defects and omissions, incident
in part to the dispersed state of my materials, but attributable in greater
part I fear, to my own imperfect fitness for the task. Those deficien-
cies in this short review of American geology, which you cannot but
impute to myself, your generosity will, I feel assured, indulgently par-
don, but those others, which you must ascribe to the hitherto insufficient
concentration of scientific effort in our country, I would not have you
so lightly overlook.

On the other hand, I would here invite your attention to the difficul-
ties, which though much abated, still beset any one who attempts either
to gather into shape the scattered materials of American geology, or
to prosecute extensively a connected train of research. It was in full
view of these difficulties and in the hope of lessening them, that our
Association was organized. And let us here congratulate each other on
the success which has attended our efforts. Scattered over a country
of great extent and kept asunder by distance and the claims of profes-
sional duties, the American geologists were laboring amid all the incon-
veniences of solitude, each hewing his lonely path through the mighty
wilderness of our rocks, isolated in the worst sense of the term,—in the
only sense really repulsive to the genuine student of nature,—I mean,
isolated from the sympathy, the counsel, the instruction, of those engag-
ed in the same glorious enterprise. Though fellow-laborers we were
not companions, for we seldom met, knew imperfectly each others’ per-
formances, and were still less acquainted with each others’ social and
scientific worth. Many of you, by your published researches had made
your labors to be valued, and had won the sincere respect of the rest,
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but how different was that respect, when from the author we came to
know the man, when with opportunities of personal intercourse we learn-
ed how the work had been accomplished, what impediments from defi-
ciency in books had been surmounted, and what physical hardships had
been braved, but especially when we learned the spirit of the explorer,
his intrepid zeal, his untiring patience, and his devotion to the cause of
truth. '

If we contrast our recent imperfect knowledge of each others’ discov-
eries, with the present ample summary which we are now able to take
of the geology of three fourths of the vast region between the Atlantic
and the Mississippi, if we are conscious how much more intimately we
now comprehend each others’ published descriptions and theoretical
views, and feel how much more justly we can now estimate the relative
accuracy and value of each others’ researches, the purity of our views,
and the intenseness of our enthusiasm, and consider how much of all this
change has been brought about by our annual meetings, we shall indeed
see reason to congratulate ourselves on our success. To labor unosten-
tatiously for the advancement of American geology and the collateral
branches of natural science, by cultivating a spirit of mutual fellowship
and generous cobperation, was the intention, has been the course, and
should ever be the pride of this Association. Our ranksit is true are thin,
for grievous obstacles, especially distance and want of time, restrain many
from joining us who share our tastes, yet has our zeal never been daunt-
ed, for at every meeting we number among our associates some from
the remotest corners of the country. The long and arduous journeys
which some of you annually perform to reach our place of meeting, are
a sufficient proof of the utility and attractiveness of our proceedings.
Should it be asked what are the scientific and other fruits of these an-
nual assemblages, I would point not boastfully, yet with a just pride, on
the one hand to both our printed and unpublished papers, and on the
other to the excellent spirit and the friendly intercourse which have in-
variably marked our proceedings.

Our youthful Association, though it would not presume to invite a com.
parison between its labors and those of the similar societies of Europe,
is yet conscious of being moved by a kindred impulse, and of seeking
through accordant means, the same praiseworthy objects. Those illus-
trious assemblages, which in England, Germany, Italy and Switzerland,
have in the last ten years done so much to quicken the march of science,
so much to call out from solitude and obscurity, modest learning and gen-
ius, s0 much to win for the student of nature, the once withheld respect
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of literary scholars, statesmen and governments, and best of all so much
to make science and letters what they are yet far from fully being, a
true republic, all were the results of the same necessities, the same in-
tellectual and social wants, and the same high aspirations, which drew
the geologists of America, a small but an enthusiastic band, together.

It is proper that before entering upon topics of purely scientific in-
terest, we pause to pay a tribute to the memory of our esteemed and
lamented associates, Prof. Hall and Mr. Nicollet, both of whom at the
inexorable mandate of death, have lately left this scene of their scien-
entific usefulness.

Prof. Frederick Hall possessed great ardor in the pursuit of knowl-
edge, and was one of the earliest cultivators in this country of geology
and mineralogy. He was educated at Dartmouth College, became pro-
fessor of natural philosophy and chemistry in Middlebury College, and
afterwards president of Mount Hope College in Maryland, and at the
time of his death (which took place at Peoria, Ill.) was professor of
chemistry in the medical department of Columbia College, Washington.
Of a generous and enthusiastic nature, he manifested the sincerity of
his zeal for science and the cause of education, by the very handsome
contribution in money and a rich cabinet, which he made a few years
ago in aid of the establishment of a new professorship in the respected
institution from which he imbibed his strong love for learning. Though
not a practical geologist, he was a successful teacher of the science,
evinced a lively interest in its advancement, and earnestly encouraged
this our present effort to promote its progress in our country.

Mr. Nicollet was born in Savoy between Geneva and Mont Blanc.
Repairing to Paris about the age of twenty, he applied himself with great
enthusiasm to improve, through the resources of that capital, the defects
of his early education, and gifted with a fine mathematical ability, and
enjoying the lessons and friendship of Laplace, he soon rose to distinc-
tion as a mathematician and astronomer. In his assiduous devotion to
his favorite branches, he became the author of several works of merit,
and of many papers and memoirs which procured him a well deserved
reputation in the scientific world. He was a member of Bureau des
Longitudes, and one of the principal examiners in the French navy.

About ten years ago, Mr. Nicollet came to the United States, and im-
pressed with the abundance of the scientific harvest which he saw spread
out before him, he entered forthwith upon the rich field of his subse-
quent labors. With extraordinary ardor, he applied himself to the study
of the physical geography of the great valley of the Mississippi. By a
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widely planned series of astronomical and barometrical observations,
he collected in a few years, data for exhibiting with an accuracy never
before attempted, the features and the physical relief of that enormous
basin. To these researches, he united an extensive system of observa<
tions upon terrestrial magnetism, and though not a trained geologist, he
was successfully gathering a body of very instructive facts respecting
the stratification and organic remains of the region of the Missouri and
upper Mississippi. Exploring, in solitude and with indomitable courage,
the vast and inhospitable wilderness of the far west, with none to bear
testimony to his hardships and earnest zeal, but the equally isolated and
fervent Indian missionary, or the wild aboriginal, whose profound vene-
ration and affection he enlisted by his commanding powers, kind man-
ners and humane and gentle character, he came among us after the lapse
of a few years, somewhat broken in health, but loaded with scientific
treasures,

He was then engaged by the war department, directed by Mr. Poin-
sett, to revisit the far west and to embody his observations in a general
report and map for the use of the government. Of that portion of his
labors, which relates to the region traversed by the head waters of the
Mississippi and extending to the Missouri, this Association has already
had a glimpse, through the interesting verbal communications of Mr. Ni-
collet himself, made at our two last meetings. His beautiful and elab-
orate map, seen by us at Albany, is finished, but exhaustion, sickness
and death, the result of over toil arrested the completion of his report.
As he had given much attention to the customs, polity and vocabularies
of our Indian tribes, and had gathered a diversified mass of valuable ma-
terials, it is greatly to be lamented, that for the cause of science, he was
not spared to give his work to the public. All those whose privilege it
was to listen to his clear, ingenious and eloquent descriptions of the ma-
jestic country, the scene of his researches, must be conscious how much
American science has lost in the premature departure of our gifted as-
sociate,

RECENT PUBLICATIONS ON THE GEOLOGY OF THE UNITED STATES.

In attempting to trace the progress thus far made in developing the
geology of the United States, I shall first present a concise sketch of
the publications embodying original researches made during the last
two or three years. You have already been furnished by my prede.
cessors in the chair, Prof. Hitchcock and Prof. Silliman, with a clear
and instructive history of the contributions to American geology, from
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the first valuable labors of Maclure in 1809, to the period of 1841. In
the interval which has since elapsed, a copious mass of publications has
appeared, enlarging prodigiously our acquaintance with the exact geo-
graphical distribution of our strata, with their relationship to each other,
and to the rocks of Europe, and with their organic remains, and their
other contents. Many of these embody the results of years of previ.
ous systematic research, prosecuted in obedience to legislative enact-
ment in several of our states, while others are the fruits of individual
investigations, conducted by members of our Association, and others
again, the contributions of distinguished foreign geologists, liberally as.
sisted with materials by our own explorers.

These publications consist chiefly of the printed volume of Transac-
tions of this Society, published about a year ago, the five large quarto
volumes on the Geology and Mineralogy of the state of New York is-
sued by that state at intervals during the last two years; also the first
Report on the Geological Survey of Connecticut, and those papers read
at our last annual meeting, which have appeared in the American Jour-
nal of Seience and Arts, together with memoirs submitted to the Geo-
logical Society of London, by Owen, Lyell and Logan.

By these reports and memoirs, our knowledge has been greatly en.
larged in relation to almost every class of our rocks and every period in
our geological chronology. Respecting the primary crystalline masses,
we have received most valuable additions to the details previously in
print, through the minute description of Connecticut by Dr. Percival, the
interesting and instructive account of the district between the St. Law-
rence and Lake Champlain, by Prof. Emmons, and that of the southern
counties of New York by Prof. Mather. We have also been presented
with an interesting article on Tin veins in New Hampshire by Dr. C. T.
Jackson.

Concerning the Paleozoic strata of the United States, the publications
have been of an interest commensurate with the magnitude and gran-
deur of the formations. Besides the accounts already given of the range
of these rocks in New England; principally by Hitchcock and Jackson:
a thorough and minute analysis of these as developed throughout the
wide state of New York, has been furnished by Emmons, Hall, Mather
and Vanuxem in their respective reports on the survey of that state.
The identity of some of the western strata with those of New York, is
well set forth in a memoir by Mr. Hall published in our volume of
Transactions, while a valuable contribution has been made to the geol-
ogy of the western states, by Dr. Owen in a paper on that subject, read



8

to the Geological Society of London. The extension of some of the
New York strata through the western part of Upper Canada and the
adjacent districts of Michigan and Ohio, was briefly sketched in a paper
laid before the American Philosophical Society in 1842, by my brother
and myself; while to Dr. Troost’s last Annual Report on Tennessee,
published in 1841, we are indebted for some interesting additions to our
knowledge of the Paleozoic rocks in that state. A short communica-
tion made by Dr. Clapp of New Albany in Indiana, to the Academy of
Natural Sciences of Philadelphia, has also contributed to assist in the
identification of the western with the eastern states.

The Appalachian coal strata of Pennsylvania, Ohio, Maryland, Vir-
ginia, Kentucky and Tennessee, bituminous and anthracitic, have been
compared and traced, and a theory of their origin ventured upon in a
paper by myself, submitted to this Association; and my brother and
myself have also presented a memoir on the Physical Structure of the
Appalachian chain.

The areas occupied by the paleeozoic strata have been already care-
fully delineated in geological maps, for a large portion of the United
States, this side of the Mississippi. Thus we are in possession of an
excellent map of the state of New York by the state geologists, and
one on a small scale of Ohio, Indiana, Illinois and Kentucky by Law-
rence. A map of the last named states, including also middle and west-
ern Tennessee, has likewise been carefully compiled, principally from
personal observation by Dr. Owen, and gives us the most exact picture
we yet possess of the distribution in that region of the several groups of
our paleeozoic strata under their western types. The information con-
veyed by it has been fully imparted, though the map has not, I believe,
been yet published. The paleozoic formations of New Jersey and Penn-
sylvania have been mapped by myself and my assistants, those of Mary-
land by Dr. Ducatel, and my brother and myself, while those of Vir-
ginia have been minutely delineated by my brother and his corps, in the
survey of that state. But the geological maps of Pennsylvania, Mary-
land and Virginia have not yet been published. To Mr. Conrad we owe
the approximate tracing of the southern border of these formations in
Alabama. At our last meeting a valuable paper was read by Mr. James
Hall, on the geographical distribution of the fossils of the paleozoic
rocks of the United States, and another on the geological and geo-
graphical distribution of the Crinoidee of the older rocks of New York.

Our knowledge of the Mesozoic strata of the United States has been
considerably advanced by publications issued during the two or three
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past years. Thus Dr. Percival in his report on Connecticut, has deserib-
ed and mapped the mesozoic red sandstone of that state in detail, afford-
ing much minute local information concerning the numerous trap dykes
which intersect it. Prof. Mather has in like manner in his repert on
New York shown its boundaries and structure in Rockland county. To
Prof. Hitchcock we are indebted for a paper printed in our Transac-
tions, describing five new and interesting species of ancient bird tracks
in the same formation in the Connecticut valley, together with several
obscure fossil plants, and to Mr. William C. Redfield the thanks of the
Association are due, for a communication made last year at Albany on
the fishes and bird tracks discovered by him in the same formation at
Pompton, New Jersey. From Prof. William B. Rogers we have learned
the existence of the Posidonia Keuperi in this rock in Virginia, a fact
almost decisive of the European affinity of the formation. He has also
in a paper printed in our Transactions settled with considerable exacti-
tude the age of the interesting coal rocks of eastern Virginia. The
limits of the mesozoic red sandstone (new red) in North Carolina have
been described and mapped by Prof. Elisha Mitchell of that state.

Mr. Lyell will probably enlarge our knowledge of the foreign affini-
ties of the Cretaceous strata of New Jersey, the Carolinas and Georgia,
by a comparison of the fossils procured by him in this country with those
of the cretaceous groups of Europe. Dr. Morton to whose patient and
skillful investigation of the cretaceous fossils of this country we are
indebted for the chief part of our facts respecting this interesting di-
vision of our Paleontology, has recently laid us under new obliga-
tions, by figuring some striking forms, collected by the lamented Nicol-
let in the remote and vast cretaceous region of the Missouri. At the
last meeting of the Association Mr. Nicollet himself, read an interesting
sketch of the cretaceous beds, examined by him on the Missouri river.

Our acquaintance with the cainozoic or tertiary strata of the United
States has also been materially advanced in the interval under consider-
ation. Mr. Conrad in a communication to the National Institute, made
in 1841, has presented a clear and interesting synopsis of his researches
among the tertiary beds of some parts of Maryland, and of the southern
states, and Mr. Lyell in two papers to the Geological Society, has con-
tributed various useful facts concerning the same strata in the Carolinas
and Georgia and in Martha’s Vineyard. Mr. Hodge has also given the
Association his observations on some parts of the southern tertiary and
cretaceous strata. The list of miocene fossils of Virginia, has been
considerably enlarged by Mr. Henry Lea of Philadelphia, in a paper
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read to the American Philosophical Society, describing & number of mi-
nute species; and Mr. Conrad has figured some interesting species col-
lected by Mr. Hodge in North Carolina and by himself in Maryland.
Prof. William B. Rogers has during the last two years traced exten-
sively the tertiary infusorial stratum of Virginia, while Profs. Bailey and
Ehrenberg have discerned in this material a great multitude of curious
microscopic forms. Mr. J. Hamilton Couper of Georgia has written on
the bones of certain fossil mammalia in that state ; and Mr. Lyell has
published a paper (Proceedings of the Geological Society of London)
on the position of the Mastodon giganteum and its associated fossils in
Kentucky and elsewhere.

Several papers on topics in geological dynamics and in chemical
geology have also appeared. Thus the complicated and interesting
question of the origin of the vast drift formation of this continent, has
been discussed by Dewey, Emmons, Hall, Hitchcock, Jackson, Mather,
Vanuxem, and by my brother and myself, so that it may be said, that
we are now in possession of the observations and theoretical views
of most of the investigators of this curious deposit. The laws of
earthquake motion, the explanation they offer of the origin of anticli-
nal flexures and folds in strata, and the elevation of mountain chains,
and the aid which the same views afford in accounting for the facts con-
nected with our coal strata, with the drift and other formations, have
been in several shapes submitted to the geological world by my brother
and myself. Mr. J. D. Dana has read at our last meeting a paper con-
taining a theory of the metamorphism of rocks, attributing their schis-
tose structure to crystallization, and ascribing their alteration by heat to
¢ the heated waters of a surrounding ocean.” Two papers were read
on the same occasion, by Prof. Lewis C. Beck, one “on certain phe-
nomena of igneous action chiefly observed in the state of New York,”
in which the author arrives at the interesting conclusion that certain
rocks have been subjected to a high temperature subsequent to the for-
mation of the minerals in them, by which these were softened and de-
ranged in shape. The other paper was on the ancient climates of the
globe. Our volume of Transactions contains a paper, by Mr. Vanux-
em, on the origin of mineral springs, and one by Prof. William B. Rog-
ers on the connection of the thermal springs of Virginia with anticlinal
flexures and faults. To Prof. Bailey we were indebted last year, for a
paper on the crystals formed in the tissues of dicotyledonous plants, and
a valuable report was submitted to the Association at the same meeting,
by Mr. Jobn L. Hayes, on the transportation of detrital matter, by ice-
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bergs, affording useful facts connected with the theory of drift. At the
preceding meeting Mr. Couthouy it will be remembered read an inter-
esting paper, descriptive of some of the phenomena of icebergs as wit-
nessed by himself at various times. This paper, published in our pro-
ceedings, contains important statements in relation to the partial rotation
of icebergs when aground.

Among the chemico-geological communications recently made to the
-Association, is one by Prof. Lewis C. Beck on the bituminous matter in
several of the limestones and sandstones of New York, and another by
Dr. Charles T. Jackson, on the organic matters of soils.

PRESENT STATE OF OUR KNOWLEDGE OF THE FORMATIONS OF THE
UNITED STATES.

I shall now review as briefly as practicable, the geology of this coun.
try, and show the development which it has reached through the re-
searches above cited, through those of earlier date and those not yet in
print. In taking such a survey we shall find that, while the materials
already gathered, form a valuable accession to the positive geology of
our times, some of the conclusions arrived at, and many of the ques-
tions presented, bear upon some of the most fundamental generaliza-
tions of the science. ‘

Let us enquire in the first place, what we know touching our paleo-
zoic strata, the sediments of that enormous sea, which filling once the
whole interior of our continent, has its history, despite of all catastrophes,
beautifully recorded in the vast sheets of matter, which from beyond the
lakes to Alabama, and from the Atlantic slope to the far Missouri, tell
of its depths and changes, its earthquakes, its intervals of long repose,
and the structure and mode of life of its inhabitants. As the most ex-
panded, and by far the most complicated in its outcrops of all the sys-
tems of strata this side of the Mississippi, it may be well to ascertain
over how wide an area we have succeeded in tracing and mapping its
numerous subordinate formations, and as the repository of a host of or-
ganic relics, leading us back to the extreme dawn of animal and veget-
able life, and forward through a long series of successive creations, it
becomes of the highest interest to learn how far we have advanced in
exploring its fossils, and in framing in accordance with their distribution,
a classification of the formations which shall be widely applicable.

. The outcrops then of these vast formations, commencing at the north-
east in Vermont, have been traced through the western border of Mas-
sachusetts by Hitchcock, and westward through New York by Emmons,
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Hall, Mather and Vanuxem ; through Ohio by Briggs, Lawrence, Locke
and Owen ; through Upper Canada, north of Lake Erie, by my brother
and myself; through Michigan by Houghton and his corps ; through In-
diana, lllinois and part of Wisconsin by Owen and Locke; through
Kentucky and Middle Tennessee by Owen and Troost, and southward
along the broad Appalachian chain and the coal fields west of it in
New Jersey and Pennsylvania, by myself and corps; in Maryland by
Prof. Ducatel, my brother and myself; in Virginia by my brother and
his corps, and in East Tennessee to Alabama, by my brother and my-
self. From Lake Champlain therefore, westward to the mouth of the
Wisconsin river, a distance of at least eleven hundred miles, and south-
ward to Alabama over a still larger and very complicated tract, and
throughout the entire triangular area included between these limits, the
boundaries of each of our Paleeozoic Appalachian formations have been
determined, and with very considerable precision. To a result so prac-
tically useful, so fraught with scientific benefit, so creditable to our
young country, the numerous geological surveys by state authority,
either completed or begun, have principally contributed.

Although but seven or eight years have elapsed since most of the
surveys of the wide region before us were instituted, so diligent have
those engaged upon them been, that we are now almost ready to unite
the whole of our lines, into one comprehensive and huge map of the
entire Appalachian basin. If there were a general map of the United
States, or a series of state maps based on a common scale, it might even
now be practicable, combining the published data with the yet unpub-
lished materials for Pennsylvania, Maryland, Virginia and East Ten-
nessee, in the possession of my brother and myself, to produce a geo-
logical picture of the wide surface mentioned, upon which should ap-
pear each special formation in all its separate belts or outcrops. The
real condition of topographical geology, is indeed already such, that our
treasures are beyond the size of the caskets which should contain them ;
and much that has been deciphered, the most beautiful structural fea-
tures, it is feared must go unwritten, not for want of scribes certainly,
but because of the narrowness of our ¢ablets, because of ths insurmount-
able impediments from bad geographical maps. A tolerably correct
and clear delineation of the limits of the strata is practicable enough,
with imperfect maps, where the rocks are nearly horizontal, and their
outcrops are wide and not tortuous, and, therefore, from the Mohawk
westward, the formations are depicted with sufficient precision in the
geological map of New York, and in the unpublished one of the states



13

farther west, compiled by Dr. Owen, but when as in the long and com.
plicated Appalachian chain, almost innumerable anticlinal flexures of
various lengths and forms, throw the strata into nearly countless belts,
some of them of extreme narrowness, and which wind about in strictest
conformity to the topography, their delineation is much more difficult,
and an accurate and ample map basis, on which to lay them down, be-
comes of the first importance. Impressed with this conviction and re-
luctant to see the errors and distortions of the existing map of Pennsyl-
vania, falsify the more accurately drawn lines of the strata, furnished
by a seven years’ laborious survey, I have with the aid of my assistants,
especially Messrs. Jackson, Henderson, Lesley, McKinley and Whelpley,
constructed a more accurate general map of the Appalachian mountains
of the state on a scale of two miles to the inch, upon which I am able
to depict every outcrop and every axis of importance. Though far
from possessing the precision of a thorough map, it is the only approx-
imately exact picture we yet have of any part of our great mountain
chain, so peculiar in the symmetry of its structure, 8o instructive as to the
close dependence of topographical features upon the hardness, thickness
and dip of the strata, and so interesting in a yet more scientific light,
as revealing the nature of the grand and wonderful movements through
which the great flow of an ancient sea, rose and became wrinkled into
this stupendous zone of long parallel mountain crusts.

Availing ourselves of some of the abundant materials for a detailed
geological map of the United States, my brother and ‘myself have
constructed for our own convenience a general map of the strata, four-
teen feet by twelve feet, painted on canvas by R. Smith. It aims not
at minute accuracy, nor does it embrace all the narrow belts of the
Appalachian formations in their southeastern outcrops, each of the
great natural groups of the strata only being represented in this part
of the map.

While we thus see how much has been done towards tracing the
limits of each formation, we must remember that accurate mensuration
of the strata has also for most districts, been carefully attended to.
Having at an carly stage of their researches, ascertained the order of
superposition of the stratified masses, and analyzed them, at least ap-
proximately, into groups and formations by aid of their organic re-
mains, and their well-marked lithological limits, the geologists in charge
of the various surveys have, while tracing the boundaries of each
stratum, been patiently estimating its variations of thickness and its
changes of aspect, texture, and composition. The labors of Emmons,
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Hall, Mather, and Vanuxem, in New York, and of Hall, Locke, and
Owen, especially of the latter, in the Western States, have taught us
many curious facts concerning the modifications which the more per-
sistent strata undergo in this westward range from the Hudson to the
Mississippi. The changes which the same mineral deposits experience
in their long course from the Hudson to Alabama, have been exam-
ined by my brother and myself, and have already exposed to us some
beautiful general laws of variation, which we believe will throw light
on the character of the physical conditions and movements that accom-
panied the diffusion of these ancient sediments. As the strata gen-
erally reascend to the surface several times across a wide belt in the
mountain chain, especially in Pennsylvania and Virginia, it is practica-
“ble to study the variations of type, not in one direction merely, as from
N. E.to S. W,, also from S. E. to N. W., or seawards as respects
the coast of the ancient Appalachian ocean. In so many places, both
in the mountains and the great plains of the Western States, are the
shore and the deep sea deposits of that ancient ocean lifted to the sur-
face by artificial flexures, so entirely in each of its many successive
flows with the whole of the once living tribes that they supported,
brought into contact with our hands for exact measurement, within
reach of our closest vision for minute inspection, or even microscopic
analysis, that the systematic and patient study of its contents, its sedi-
ments and organic fossils, now in progress, cannot fail to reward us
with a full disclosure of all that was striking in its history.

Let us now turn to the progress recently made in developing the
palzontology of this great Appalachian basin, in classifying and nam-
ing the formations, and in determining the relationship in age between
these and the palezozoic strata of Europe. By the researches of Mr.
Conrad, Prof. Emmons, and Mr. Hall, in New York, and of Hall,
Owen, Troost, Locke, and Clapp, in the Western States, we are already
made familiar with the forms and the positions in the strata of perhaps
five hundred well characterized marine fossils, embraced in numerous
genera of trilobites, testacea, and corals. The labors of Hall and
Conrad, in bringing to light the chief part of these remains, have been
especially valuable. As Mr. Hall is devoting himself with great zeal
and signal success, to the fascinating study of the organic remains of
New York, and as the geologists of other States are availing them.
selves of its clearly defined specimens for those comparisouns, without
which little real progress can be achieved in the more refined enquiries
connected with our paleeontology, we may anticipate the speedy develop-
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ment of highly curious generalizations, in relation to the limits of these
extinct races, and the conditions which have controlled their distribution.
. Guided by the ascertained boundaries of the principal groups -of
fossils, and also influenced by the great natural lithological horizons,
the geologists in the different quarters of the wide Appalachian field
have sedulously aimed at making such an analysis and classification
of the strata as would best accord with the special type which they
present in their respective district. Seeking at first for a classification
founded on local and not general characteristics, the subdivisions hith-
erto instituted only admit of extension to districts beyond those for
which they were framed, in so far, as the strata retain with more than
usual constancy these local features. Hence a general scheme of
grouping, applicable, if possible, to the whole region occupied by the
strata, and expressed in terms significant of general and not local and
restricted relations, is yet to be supplied.

The most elaborate classification of our Appalachian paleeozoic.
strata, hitherto published, is that of the New York geological survey.
From the very considerable amount of palzontological research con-
nected with this survey, from the diversity of formations in the State,
and the clear typical characters which some of them possess, this clas-
sification merits much attention. It embraces under the title of the
New York system, the entire body of strata from the bottom of the
lowest fossiliferous rocks, to the base of the red sandstones of the.
Catskill Mountains, the whole having in their maximum expansion a
thickness of about six thousand feet. This large mineral mass has
been subdivided by the gentlemen of the New York survey in con-
formity, chiefly, to the horizons established by organic remains into
twenty eight special formations, or subordinate masses, and these twenty
eight are thrown into four series or divisions named from the districts
where they are best developed. Observing the ascending order, these
are the Champlain division, the Ontario division, the Helderberg divi-
sion, and the Erie division. Referring you to the ample and well illus-.
trated volumes on the geology of New York, for the views which have
induced the gentlemen of that survey to adopt the above classification
and nomenclature of the.rocks, and for many valuable details connected
with the organic remains, I will embrace this opportunity to bring to
your attention some points of general interest to American geology,
which the perusal of these works suggests.

In geological, as in all archeological research, the earliest periods
seem most to enlist our attention. Ascending the stream of time, the
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structures we first meet with have too much the features of the present
day deeply to move our minds; but far towards its sources, on the very
confines of the great desert of the forgotten past, monuments are found,
that, by their strange outlines and dim inscriptions, calling conjecture
to the aid of thought, stir in us a curiosity which belongs to the pro-
foundest part of our intellectual and moral nature. The whole history
of geology is the record of a series of successive incursions into re-
moter and remoter provinces of time. Pushing research to its limits,
we seem nearly to have reached the bounds of the accessible past, in
the diminution, and at last the total disappearance of fossils in the earlier
strata. Our science has reached the point just attained by geography.
No conjectural continent is left for a geological Columbus to discover
—no great region remains unvisited, and no principal boundary un-
drawn. The business of the present and future generations of geolo-
gists, is to establish with all the precision admissible, by science, the
exact limits which divide the many districts of ancient time into which
they have penetrated; to define the position, so to speak, of each
known coast, and to bring to light such lesser districts as may yet lie
undiscovered within their more conspicuous borders. This work, more
difficult by far than that of mere first discovery, since it demands a very
thorough knowledge both of paleontology and of structural geology,
is advancing at this time with extraordinary speed in Europe, in the
hands especially of Phillips and De la Beche, Murchison and Sedg-
wick, De Beaumont and D’Orbigny.

Let us inquire how far we in the United States have proceeded in
the same labor, of firmly establishing some of the more important lim-
its between the several portions of geological time, as recorded by our
strata and their orgenic remains. And first, let us examine the con-
clusions reached regarding the commencement or dawn of the whole
fossiliferous period. The fixing of a base for the paleozoic rocks of the
United States, is a problem scarcely less difficult than that of determin-
ing the lower limit of the corresponding system in England, to which
the admirable sagacity of Sedgwick has been so usefully directed.
Do we possess in the so called Taconic system of rocks lying to the south-
east of the unequivocally fossiliferous strata at the base of the New York
or Appalachian system, an independent mass of formations, of an un-
questionably earlier date, or are these on the other hand, but well known
lower Appalachian strata, disguised by some change of mineral type,
and by igneous metamorphosis. These Taconic rocks under the form
they assume along the eastern boundary of New York, and the western
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side of Vermont and Massachusetts, have been carefully studied by Em-
mons, Hitchcock and Mather, all of whom appear to have arrived at
different conclusions concerning them.” Since the same or a very anal-
ogous group of strata ranges at intervals, holding the same relative po-
sition, the whole distance from Vermont to Georgia, the question of
their age, while it has a wide bearing on any general classification of
our formations, ought certainly to admit, sooner or later, of settlement,
when so many and such noble transverse sections are opened to inspec-
tion by the river gorges which cut the Blue Ridge.

- Prof. Emmons considers the granular quartz, slate and limestone of
the Taconic hills and the Stockbridge valley, as constituting a distinct
group of strata, neither appertaining to the true gneissoid or mica schist
system on the east, nor to the pal®ozoic fossiliferous rocks of the Cham-
plain and Hudson valley on the west, but holding an intermediate place
in the scale of time. His principal argument in defence of this view,
isthat the order of succession of the component members of the group,
is essentially different from that witnessed in the sandstone, limestone
and slate of the Champlain division, and he denies that the theory of
plication of the beds, advanced originally by myself and my brother,
and applied to this very region, can reconcile the seeming want of agree-
ment. Now it is true that the apparent order of superposition in the
Taconic belt, is in discrepancy with the well known succession of the
Champlain formations, but this is precisely what should arise from the
introduction of those complete folds or doublings together of the strata
which we have conceived to exist ; and I would add that the sections
furnished by Prof. Emmons and Prof. Mather in their reports, if resolved
by the introduction of the flexures supposed by us, will all of them dis-
play, for their western portions at least, the normal order of superposi-
tion of the Champlain rocks. This identity of the so named Taconic
system, with the formations of the Hudson and Champlain valley, was
announced by my brother and myself, in the beginning of 1841, to the
American Philosophical Society. By aid of a section from Stockbridge
towards the Hudson river, we showed the existence of numerous close
anticlinal and synclinal folds, and thus explained the apparent inversion
of the dip, which other geologists had ascribed to one general overturn-
ing of the whole series. The plication was shown to be greater along
the Berkshire valley and the ridges east, the granular Berkshire marble
was identified with the blue limestone of the Hudson valley, but meta-
morphosed by heat, and the associated micaceous, talcose, and other
schists were referred in the language of the communication, to the slates

3
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of the lowest formation of the Appalachian system, while the semivitri-
fied quartz rock of the western part of the Hoosac mountains was stated
to be nothing else than the white sandstone (Potsdam sandstone) of the
same series slightly altcred.® I am gratified to find from Prof. Mather’s
Teport, that these views of identity are embraced by him, as they now
are, if I mistake not, by Prof. Hitchcock. Prof. Mather indeed says that
he has traced the slate (Hudson slate) through all its gradations into
talco-argillaceous and talcy slate, and into graphic and plumbaginous
slate, the limestone from compact sandy and slaty, to sparry, slaty
talcose, and crystalline limestone, within short distances, and the Pots-.
dam sandstone, to a hard compact and granular quartz rock. It is true,
Prof. Emmons has presented in his report, a series of sections of the
strata exhibiting an unconformity at the passage of his Taconic into the
rocks of the Champlain division, but I must take the liberty of express-
ing my disbelief of the existence of any such unconformity, and of ob-
serving that in the prolongation southwestward of this altered and pli-
cated belt as far as the termination of the Blue Ridge in Georgia, a
distance of one thousand miles, no interruption of the general conformity
of the strata, has ever met the observations of my brother or myself.

It would appear thus that the Potsdam sandstone forms the base of
the pal@ozoic strata in the latitude of Lake Champlain, or at least in
the region of the lake and of the Mohawk river. Is this formation then
the lowest limit of our Appalachian paleozoic masses generally, or is it
the system expanded downwards in other districts, by the introduction
beneath of other conformable sedimentary rocks ? From the Susquehan-
na River southwestward, & much more complex series of strata comes
in below the bottom of the lowest limestone, than is any where seen north
east of the Schuylkill. In some portions of the Blue Ridge belt there
are at least four independent and often very thick deposits, constituting
one general group, in which the Potsdam, a white sandstone, is the
second in descending order. The uppermost of these is an arenaceous
and ferriferous slate, many hundred feet thick, in which the only fossil is
a peculiar fucoid. Beneath this lies the Potsdam sandstone, and under
this again a mass of coarse sandy slate and flaggy sandstone, amounting
sometimes to six hundred or seven hundred feet, below which occurs in
Virginia and east Tennessee a series of heterogeneous conglomerates.
Neither of the two lowest of these masses, has yet rewarded research
witha single fossil, and therefore the white or Potsdam sandstone is yet

* See Proceedings of American Philosophical Society, Jan. 1, 1841.
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the most ancient depository of organic life hitherto discovered in our stra-
ta. Adjoining this great mass of arenaceous strata towards the southeast,
we find throughout much of the broad belt of the Blue Ridge, especial-
ly in its prolongation southwestward from the Potomac, a wide expan-
sion of metamorphic strata intersected by innumerable veins and dykes
of greenstone and other igneous materials, and displaying almost every
grade and variety of alteration in texture and mineral contents. These
after long and careful observation, we have been led to consider as a
group of sedimentary beds still older than the preceding; but form-
ing a part of one and the same unbroken series. Thus then in the great
group of strata, at the base of our lowest fossiliferous series we are pre-
sented with similar and perhaps more striking results of igneous mod-
ifying powers than even in that portion of the Champlain system whose
metamorphosed beds constitute the Taconic group. Although no relics
of either vegetable or animal life have hitherto been met with in this
group, we cannot confidently infer their entire absence, since from the
effects of cleavage and chemical change their remains could not fail to
be greatly obscured and for the most part quite obliterated. It is most
probable, however, that the same barrenness of fossils remarked in the
slates and sandstones immediately beneath the Potsdam sandstone, pre-
vails throughout the whole of the continuous series of subjacent strata.

Respecting the phenomena presented in the long belt of rocks here
referred to, the question suggests itself whether the so called Taconic
system, instead of belonging exclusively to the Champlain division, may
not along the western border of Vermont and Massachusetts, include
also some of the sandy and slaty strata here spoken of as lying beneath
the Potsdam sandstone.

Applying for the present the term pal®ozoic only to the sirata coms«
mencing in the ascending order with the conglomerates at the base of
the group, including the Potsdam sandstone, since below this there is
little probability of our finding traces of organic beings, the next inqui-
ry of general interest relates to the natural divisions, groups and forma-
tions, into which we should arrange the whole enormous body of sed-
imentary deposits, between this horizon and the top of the Coal rocks.
Throughout this great mass of strata, whose aggregate thickness ex-
ceeds in some districts thirty thousand feet, made up of an extraordinary
number of distinct formations, characterized by peculiar organic remains
and composition, and marking a long series of events and a vast lapse
of time, we behold one uninterrupted succession of deposits, closely
linked by an equally unbroken sequence of animal and vegetable remains.
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We are therefore constrained to view the whole as constituting a single
system, the entire record of one immense continuous period, the col-
lected gatherings of one prodigious sea. To deduce from a study of
the organic remains of the different portions of this mass, aided by con-
siderations of mineral type, a classification which shall be in harmony
with the natural relationships of the different members throughout the
entire basin, as to time and circumstances of origin, one which, in other
words shall express the various epochs and changes in their relative
importance ; and to clothe this classification in language which shall be
at once suggestive of their relationships and generally applicable, fur-
nishes a complex problem of much difficulty, but one perhaps which
at the present time has strong claims to the attention of American
geologists. .

As the necessity for a general nomenclature for these rocks, founded
on a wide survey of their fossils, is getting to be recognized, as many
and grave objections exist to the adoption of all local and partial classi-
fications, and as it is believed that through the diligence of our geolo-
gists, we are already prepared with a sufficiently ample body of data
for the construction of a system which shall unite the chief requisites
here mentioned, I venture, craving the indulgence of the Association, to
present the outlines of a scheme of grouping and naming our Paleo-
zoic strata, which my brother Prof. W. B. Rogers and myself, have
been carefully maturing during the last three years.

We propose to distribute the whole great body of strata from the base
tlready designated to the top of the coal measures in nine distinct series,
the products of as many great successive periods, and resorting to the
analogy between these periods and the nine natural intervals into which
the day is conveniently divided, we have named them in ascending or-
der, the primal, matinal, levant, premedidial, medidial, postmedidial,
ponent, vespertine and seral series, the deposits of the dawn, morning,
sunrise, forenoon, afiernoon, sunset, evening and twilight periods of the
great Appalachian Paleozoic day. Subdividing each series in obedi-
ence to natural and obvious relations of the organic remains and miner-
al boundaries, we have named each ultimate subdivision or formation,
calling the time during which each formation was produced an epoch,
and between the series and formations, we have constracted groups in
all cases where the natural affinities of the formations require that two
or more of these latter shall be united into associations subordinate to
the series.
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Our Primal series embraces the four great rocks between the base
of the Paleozoic strata and the base of the first limestone, the calcife-
rous sandstone of New York. Of these the primal white sandstone,
would seem to be the only formation existing in New York, or accor-
ding to Owen, on the northwestern margin of the basin in the western
states.

The Matinal series includes all the strata from the horizon of the
base of the calciferous sandstone, to that which marks the top of the
Hudson River slate in New York, and the top of the blue limestone of
the western states. This series in southwestern Virginiaand East Ten-
nessee, embraces a thick and important middle group consisting of
three formations, not extending northeast of the New River, and only
imperfectly represented in some portions of the western states.

The Levant series includes all the formations between the horizon
terminating the Matinal rocks and one running through the top of the
water lime formation of New York, the top of the non-fossiliferous
and * pitted rock™ of Lake Huron, and through a plain low in the cliff
limestone of the western states. It takes in, therefore, the Medinas
Clinton, Niagara and Onondaga salt groups, and water lime of the New
York survey.

The Premedidial series embraces the strata between the top of the
water lime and the top of the Oriskany sandstone of New York, and
includes, therefore, the Pentamerus and Catskill shaly limestones of
that State as its oldest formation, and the Oriskany Sandstone as its
newest ; and besides these, a middle formation not there seen but well
developed in Pennsylvania, with characteristic fossils.

The Medidial series ranks in it all the strata between the top of the
Oriskany or Premedidial sandstone and the Marcellus black slate of
New York, or the black bituminous slate of Ohio, Indiana, Kentucky
and Middle Tennessee. It, therefore, includes the Schoharie grit and
Onondaga and corniferous limestones of New York, and the upper
division of the cliff’ limestone of the west.

The Postmedidial series embraces that very natural assemblage of
formations commencing with the black slate just named, and crossing
with the horizon which marks the base of the Catskill red sandstone.
It contains, therefore, for New York the Marcellus shades, the Hamil-
ton group, the Tully limestone, the Genesee slate, the Portage group
and the Chemung group, and for the west all the strata between the
top of the cliff limestone and the bottom of the carboniferous limestone.
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The Ponent series includes all the rocks between the base of the
Catskill red sandstone and the top of the overlying conglomerate. (For-
mation X, of the Pennsylvania and Virginia annual Reports.) It usu-
ally embraces but two formations, the Ponent red sandstone and the
Ponent conglomerate, though the former of these requires for some
districts a triple subdivision.

The Vespertine series comprehends the interesting formations above
the horizon of the Ponent conglomerate, and below that at the base of
the great conglomerate under the coal measures. In Pennsylvania it
is composed of the thick red shale deposit of the coal regions, and in
Virginia of a much more complex set of strata, including a lower red
shale or variegated marl, next a great thickness of carboniferous lime-
stone, and then an upper set of shales with alternating sandstones. In
the western states, on the other hand, it consists almost exclusively of
the carboniferous limestone and its subordinate chert.

The Seral series embraces one vast and multiform body of coal
strata, the thickness of which in Western Pennsylvania and Virginia
exceeds three thousand feet, being in the anthracite basins probably
still greater. The lowest or oldest subdivision of this series is the Se«
ral conglomerate, and the true coal formation overlying this is divided
into four distinct members—the older coal measures, older shales, new
coal measures and new shales ; these last terminating the entire suc-
cession of one thick and wide-spread Appalachian strata.

‘The whole body of rocks here grouped into nine series, contains up-
on the most careful analysis which we have been able thus far to insti-
tute, about forty eight formations, few if any of which are co-extensive
with the present limits of the great Paleozoic basin in which they lie,
or even with that part of it included between the Blue Ridge chain, the
Mississippi River, and the great Lakes. Those which were most widely
deposited are the Matinal magnesian limestone, the Levant older (or
Niagara) limestone, the Vespertine (or carboniferous) limestone, and
the older coal measures. Others occupy a relatively circumscribed
area, yet none are called formations which are not the products of dis-
tinct formative actions operating during epochs characterized by dis-
tinct groups of races.

My brief limits will not allow me to present here even the general
scheme of names by which we propose to designate the divisions of
this extensive system of strata; but I will explain succinctly the princi-
ples upon which the names are chosen. The title given to any forma-
tion is composed first, of the name of the period to which it appertains,
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and secondly, of a word or words descriptive of the ruling mineral
character of the rock ; and to these is appended, when we wish to
specify the type under which the formation is referred to, the name of
the district or place where it is so developed. Let me exemplify this
by one or two instances. The well characterized formation called in
the New York survey the Marcellus shales, is named by us the Post-
medidial older black slate, while the Genesee slate is called Postmedi-
dial newer black slate, and a member of the Clinton group of New
York, occuring there as a thin bed of brown and ponderous sandstone,
(seen on the Sequoit,) but expanded in Pennsylvania and Virginia into
an important mass having characteristic fossils and a maximum thickness
of two hundred feet, we propose to call the Levant iron sandstone.

The nomenclature here employed for the designation of the strata,
is recommended we conceive by several features of obvious utility.
Being a nomenclature based on considerations of geological time, it
suggests at once in the names themselves the relative ages of the differ-
ent strata, thus defining the fundamental relationship of succession in
time, the only relationship between rocks which never varies. It has
thus the advantages of a numerical or ordinal designation, combined
with the descriptiveness which that has not. While it conveys the fixed
relations of time, it expresses the accidental or local character of each
formation, and what is of much more importance, it signifies under
what particular type any special stratum is referred to, by introducing
into the name that of the district where the rock assumes the phases
treated of. Thus by the mere name assigned to each formation we
are reminded of all its most essential attributes, its age, its region, and
its mineral composition ; or in other words, what place among the other
strata it occupies—in what district we are describing it, and what its
composition is under its normal or typical development. One of the
most obvious defects in any nomenclature is a want to ready adaptibility
to new or abnormal relations and conditions of the objects named, and
in this unfortunate rigidity in the terminology of some of the sciences
we may discern a most influential barrier to their progress. In divising
the system proposed, we have aimed at uniting the power of representing
the fundamental or permanent relations of the objects named, and of
pliantly expressing their special deviations and gradations. In the
phenomena of mineral and Paleontological deviations of type lie con-
cealed, we should remember, the very arcana of our science, secrets
which interpreted will give us the only insight we can hope ever to
procure into the actual state of our earth’s surface in periods long re-
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mote. In the above system we try to give to geological language the
capacity of expressing the facts and laws of gradations in strata which
are so constantly appearing.

As an illustration of the necessity for some such general applicable
scheme for our Pal®ozoic rocks, it may be mentioned, that while some
of these are remarkable for adherence to their typical characters, others
are conspicuous for their protean variations. The value of our partic-
-ular mode of designation, may be seen in the instance of the group of
formations we have called the Matinal series. Being remarkably well
separated by great natural features from the Primal series below, and
from the Levant series above, from both of which it is insulated as well
by clear mineral characters as by dissimilarity of organic remains, it
yet exhibits within itself, when widely traced, several important modifi-
cations of type, which no geographical or other artificial nomenclature
can possible indicate or express. Thus it consists in New York of five
rather well defined formations, the calciferous sandstone, black lime-
stone, Trenton limestone, Utica slate and Hudson river group, each
possessing an easily distinguishable mineral aspect, and its own organic
remains with little intermixture. But how different is the condition of
the whole mass in Ohio and Kentucky, and again how different in south-
western Virginia and East Tennessee. In the anticlinal district of Cin-
cinnati and Lexington, where the series bears the name of the blue
limestone, not one of the special subdivisions or formations, so easily
recognized on the Mohawk, can be distinguished, but the whole displays
a fusion or blending of the different portions, and also of the mineral
materials which baffles every attempt at tracing an exact equivalency
between any of the parts and the New York formations. It is true the
investigations of Prof. Locke, Dr. Owen and other geologists, show that
certain species observe certain horizons, but it should be observed that
these horizons in many cases, do not bear to each other the same rela-
tions which those of the same fossils do on the Mohawk. In place of
the five rather clearly marked masses of New York, the whole exposed
portion in Ohio, is about one thousand feet in thickness, composed of
attenuating calcareous shales and thin layers of limestone.

Turning to Virginia and East Tennessee, we have a still different
state of things; the Mohawk type, with no very important modifi-
cations, continues from New York through New Jersey, Pennsyl-
vania, and Maryland, extending into Virginia as far as the north

branch of the Shenandoah, some seventy or eighty miles southwest of
the Potomac. The principal change in this distance is in the Black
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River limestone, which expands greatly in thickness, becomes more
highly magnesian, and acquires some fossils not seen to the northeast.
But beyond the neighborhood of New Market in Virginia, the changes
are much more important; for with the magnesian limestone is asso.
ciated a vast body of chert, and the Utica slate as a stratum disappears ;
the place of that rock and the Trenton limestone and Hudson River
slate, being occupied somewhat as in Ohio, with a blended calcareo-
argillaceous mass, in which neither formation is distinctly recognized,
and where the fossils of each are to a considerable extent intermingled ;
the Lingula rectilateris, for example, deemed characteristic of the
Utica slate in New York, being found throughout all the middle and
southwestern region of Virginia associated with the Cypricardiee, so
distinctive of the Hudson River group, and always very high in the
series. Entering East Tennessee, but especially in the region of Knox-
ville, the middle part of the series represented by the Trenton lime-
stone and Utica slate of New York and Pennsylvania, and by the sim-
ple attenuation of layers of limestone and slate with Trenton, Utica,
and some Hudson slate fossils. at Cincinnati and in the interior of Vir-
ginia, becomes a complex group of several 'distinct formations no where
developed farther north.

Thus the entire Matinal series in East Tennessee embraces in the
ascending order, lst, a great magnesian limestone between two thou-
sand and three thousand feet thick, with high beds of chert, often oolitic,
and layers of white and even red sandstone ; 2d, a knotty argillaceous
limestone containing Maclurea, Isotelus, and a great profusion of Cala-
mapora, Polymorpha, and other corals, seven hundred feet thick ; 3d,
a white encrinal sparry limestone five hundred feet; 4th, yellowish
calcareous slate several hundred fecet; 5th, sandy gray limestone very
ferruginous, three hundred feet? 6th, yellowish or buff slates several
hundred feet; 7th, red and greenish coralline and encrinal marble
four hundred ? feet; 8th, calcareous gray and yellowish slates several
hundred feet.

Upon comparing these Matinal rocks of East Tennessee, with those
of the northeastern portions of the basin, the difficulty of establishing
an equivalency in the ordinary sense of the term, will be found to be
insuperable ; for while the Tennessee strata in the middle part of the
column, possess a number of well known Trenton limestone fossils, the
mingling of these with Hudson slate species, the total disappearance of
others, and the introduction of new forms, preclude every attempt at
identification. A
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" In a case of this kind a nomenclature on the plan here proposed, will
be found to obviate all confusion. When speaking of the strata, as they
exist in New York, we would call the Trenton limestone and Utica slate,
for example, Matinal newer limestone, and Matinal older slate, but
when these become blended, as in Virginia, the portion of the series
which they occupy, the Matinal argillaceous limestone group, or Mati-
nal middle group, while the strata on the same general horizon in East
Tennessee, would be called the Matinal encrinal limestone, or Matinal
coral marble, as the case might be, appending when necessary to each
such name, that of the district in which the rock or group attains its
fullest development. In those instances where any thing short of a mi-
nute analysis of local application, is impracticable, as is the case perhaps
of the Cincinnati blue limestone, the general term Matinal series will be
most appropriate. If that mass should in any district acquire a binary
or ternary subdivision, the respective parts may be called the Matinal
'older limestone, &c., of Ohio, a mode of naming which is amply de-
scriptive as to each requisite of time or plan in the series, of composi-
tion and locality, and which furthermore takes nothing for granted.
Before leaving this important but difficult subject of classification and
nomenclature, permit me very briefly to indicate why I conceive that the
prevailing method of naming rocks without regard to their relationships
of age, but solely by titles drawn from the spots or districts where they
occur, must seriously retard our science. If the names be derived from
a single district, even an extensive one like New York, however rich in
strata and however ably these should be explored, only a portion of the
names, generally a small part of them, will really be assigned to forma-
tions which are there fully or typically developed, for we well know, that
no single corner of a vast basin can ever contain but a few of its deposits
in a condition of maximum expansion, and richness in organic remains.
If geographical terms are to be employed it would be more appropri-
ate to select those belonging to districts any where in the basin where
the formations are found to be most amply represented. On this plan
the names would be found to possess a wider significance, than when
all are chosen from one region, yet as geographical names, they would
lack suggestiveness when applied to any one local district. If on the
‘other hand, the rocks are to receive different local titles-in the different
territories explored, then will our descriptive geology be rendered almost
unintelligible, by a crowd of synonyms, and every attempt at extensive
comparison, every effort to read in this ample page of nature’s great
history, some of her higher laws, will be made doubly arduous.
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MESOZOIC PERIOD.

Let us now take a brief survey of the state of our knowledge of the
mesozoic formations of this country, or those produced during what
may be termed the middle ages of geological history. The vast inter-
val between the remote epoch of our coal and the dawn of the existing
marine species in the eocene tertiary, is much more imperfectly repre-
sented in North America than either the earlier or later periods. With
the exception of its last or cretaceous age, this great interval, which, in
the eastern continent, is so rich in beautiful monuments of extinguished
life, so abundant in striking records of the physical revolutions of our
globe, seems to have left on this side of the Atlantic only a few frag-
mentary memorials of its races or its events. Like some of the ob-
scurer periods in human mediceval history, these, the dark ages of Amer-
ican geological time, have been explored of late with a zeal and skill
awakened by the very difficulties of the research, and which have al-
ready produced soine very instructive results.

Referring the isolated formations of this country, whose dates are
intermediate between the coal and the tertiary, to the more full and
continuous scale of the European strata, as a present standard of coms
parison, we are now acquainted with deposits belonging to three distinct
mesozoic epochs, the equivalents severally of the upper new red sand.
stone or T'riassic rocks, of the lower oolitic deposits, and of the cretaceous
strata. Thus we are destitute, so far as this continent has yet been
explored, in products of the newer palaozoic period, or, in other words,
in any representatives of the Zechstein or magnesian limestone group of
Europe, and likewise in equivalents of several of the middle and upper
oolitic formations of the old world.

A concise exhibition of some of the facts bearing upon the determi-
nation of the age and origin of the three known mesozoic formations
of the United States may not be unsuitable on this occasion.

The older of these groups of strata, which I shall call the Mesozoic
red sandstone, occupies two long and narrow and probably shallow
troughs, extending along the eastern side of the great Blue Ridge chain
and its northeastern prolongation in New Jersey, New York and New
England. The larger of the two troughs ranges continuously from be-
neath the trap of the Palisadoes of the Hudson southwestward in a
diminishing belt to the interior of Virginia, and beyond this point the
deposit occurs in narrow detached tracts as far as the southern side of
North Carolina. Throughout all this course, the strata dip towards the
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north and northwest at angles from fifteen to twenty five degrees. The
smaller trough fills the valley of the Connecticut river through the
whole breadth of Connecticut and Massachusetts, and in this belt the
beds dip at an angle of ten or fifteen degrees to the east and southeast
and northeast. The materials of both basins are red shale and argilla-
ceous sandstone, with some detached beds of conglomerate.

Of the organic remains, through an investigation of which alone we
can hope to establish the position of these strata in the scale of time, or
reach definite conclusions respecting the physical conditions under which
they were produced, the most instructive are the remarkable bird-tracks
brought to light by Professor Hitchcock in Connecticut and Massachu-
setts, the fishes of the genera Paleoniscus and Catopterus, discovered
by the Messrs. Redfield in New Jersey and elsewhere, and one or two
small but most expressive testacea detected by my brother in the forma-
tion in Virginia. Through the discovery by Mr. Redfield of some of the
same fishes and even bird-tracks in the two distinct belts described, these
deposits are identified in age and origin ; but what exact epoch should be
assigned to the formation, was not until lately susceptible of that rigor-
ous demonstration which the present advanced state of our science
calls for.

Guided by mere lithological resemblance, Maclure imagined this stra-
tum to be the equivalent of the old red sandstone of England ; but Prof.
Hitchcock and Mr. Redfield, chiefly by their investigations into the char-
acter of the fishes, have shown conclusively that the date of the deposit
is somewhere in the great period of the European new red sandstone,
an opinion several years ago expressed by Prof. Hitchcock. But while
the low degree of heterocercal structure in the tails of the fishes indi-
cated that these strata could not be newer than the new red sandstone,
and the same feature and the bird-tracks both proved them newer than
the coal, it was still not settled which of the epochs between the oolitic
and the carboniferous ones should claim them. The more favorite sup-
position was, if I mistake not, that the deposit belonged to the age of
the older new red sandstone, and highly instructive as both the fishes and
the bird-tracks are, as respects the general date, and above all as regards
the nature of the waters, the climate and the surface, still there being
among them no one species identifiable with any European relic, some
further evidence was required in order to establish the exact epoch. In
this stage of research, my brother was fortunate enough, about two
years ago, to discover in the formation in Virginia, two or three small
shells, and to recognize, in the most abundant of these species, the Po-
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sidonia Keuperi, a well known and characteristic species of the Trias,
or upper new red sandstone of Europe. With this positive link, sup-
ported by the strong analogies already mentioned, the most skeptical
can no longer hesitate to refer our red sandstone formation to some part
of the Triassic or earliest mesozoic period. The conjecture recently
expressed by Mr. Murchison, therefore, that the Connecticut deposit is
of the age of the magnesian limestone group, or the Permian system of
this able geologist, resting as it does chiefly on the occurrence of the
genus Paleoniscus, but not on an identity of species, cannot be consid-
ered as consistent with the other more conclusive evidence which we
now possess of a difference of date ; and should it hereafter appear, as
seems to be suspected by Mr. Redfield, that the American fishes referred
to Palzoniscus, constitute truly a new though allied genus, even the
present supposed generic relationships of the formations will vanish.
The fact mentioned by Mr. Redfield, that ¢ the scales and apparently the
vertebre in the American species are prolonged to a more limited ex-
tent into the upper lobe of the tail than in the European species,” while
it supports his surmise that they may not be true Paleonisci, must be
regarded as in itself an indication of a somewhat more modern period.
It will be seen, therefore, that the affinities of this formation forbid our
yet assuming that any birds coexisted with the last races of primeval or
paleozoic life. But the existence of creatures thus high in the scale of
animal organization, in times so remote as the earliest mesozoic epoch,
is a fact full of interest, and it is gratifying to the American geologist
to perceive that the views so early and candidly submitted in the face
of skepticism by Prof. Hitchcock, of the true origin of the bird-tracks,
are now universally admitted. That to him alone is due the merit of
being the original scientific discoverer of the nature of these impres-
sions, all who are familiar with the history of his labors must acknow-
ledge. Others before him had found specimens of the foot-marks, and
had shrewdly suggested that they may have been produced by birds, that
opinion having been entertained by a few persons even early in this
century, and Dr. James Deane, in drawing the attention of Prof. Hitch-
cock to some specimens, distinctly intimated the same belief as to their
origin. But conjecture in science is not discovery ; and if the principle
be a sound one, which awards the high title of ¢ minister and inter-
preter” of nature to him only who, by extended, laborious and system-
atic observation and inductive reasoning, turns conjecture into demon-
stration, and from a few isolated phenomena casually presented to him,
developes to the view of all after generations an eternal truth, then as-
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suredly must Prof. Hitchcock be regarded as the only scientific discov-
erer of the origin of these curious and instructive foet-prints. The con-
scientious wish to acknowledge the claim of Dr. Deane as a suggester
of the ornithichnite character of these impressions, has led some of those
who have lately reviewed this subject, to do, I think, an unintentional
injustice to the well-earned and far more ample claims of Prof. Hitch-
cock.

In speculating upon the circumstances connected with the deposition
of the red sandstone, Prof. Hitchcock supposes the Connecticut forma-
tion to be the sediment of an extensive tidal estuary, upon the low and
muddy beach of which the various birds whose footsteps he has descri-
bed, were in the habit of walking and wading at'low tide in pursuit of
their prey—their foot-prints being covered with'a thin layer of silt,
probably at each reflux of the waters. Some of these birds, rivaling
in size the recently extinct gigantic Dinornis of New Zealand, whose
height is computed by Prof. Owen to have been more than ten feet, and
frequenting in numerous flocks those lonely shores of the great Connec-
ticut bay, must have imparted a strange aspect to the landscape.

Prof. Mather conceives that in this early mesozoic age, the Blue
Ridge and Green Mountain chains having been previously elevated, and
much of the country to the eastward being still submerged, ¢ the cur-
rent which we call the Gulf Stream must have flowed along the eastern
coast of this part of the continent where the red sandstone formation
now extends;” and fto this, and to a supposed polar current from the
northeast, he ascribes its deposition, attributing the present dip of the
beds to the overlapping of the one current upon the other. To sustain
this hypothesis, it would be necessary to show that it is not at variance
with the inferences to be drawn from the bird-tracks and other data,
which I cannot but consider to indicate, not an open sea, but the exist-
ence of two confined tidal estuaries.

The strata which constitute the next link in our broken succession of
mesozoic formations, are the coal rocks of Eastern Virginia. The por-
tion of these productive in coal, occupies a basin in the vicinity of
Richmond, about thirty miles long, and eight miles wide in its centre,
extending from the Appomattox across the James river to near Chicka-
hominy. Another rather higher and unproductive mass is spread irreg-
ularly in a narrow belt east of the former, from the Potomac to the
James river.

Both of these deposits repose immediately on gneissoid and granitic
rocks, and consist for the most part of coarse grits composed of the
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materials of those underlying crystalline aggregates. North of the
James river, the coal lies in two, and in some places in three distinct
seams, and is confined to the lowest hundred and fifty feet of the series ;
but south of that river, it forms one huge stratum, which though very
variable, is frequently from twenty tq forty feet thick,* and what is re-
markable, the principal bed is separated by only a few feet, and some-
times by not more than a few inches, of carbonaceous shale from the
granitic floor. By Maclure this formation was referred to the period of
the old red sandstone, and more recently Mr. Richard C. Taylor assign-
ed it to the so called * transition carboniferous deposits ;" but my broth-
er having during the last three years investigated its fossil vegetation,
finds not only a general agreement, but a specific identity between some
of its forms and those of the oolite coal of Europe; and he has there-
fore in a paper in our Transactions, stated that he feels *“ no hesitation
in referring the formation to & place in the oolite system on the same
general parallel with the carbonaceous beds of Whitby and Brora, that
is, in the lower part of the great oolite group.” The most abundant of
the coal plants are the Equisetum columnare, a large species of Zamites,
a beautiful fern, Teniopteris magnifolia, and Teniopteris scitaminea ;
and the remains of these four species, occurring interlaminated with
the coal and immediately upon it in great profusion, appear to have fur-
nished the materials of the stratum. No traces of the Stigmaria ficoi-
des, so universally associated with the older or paleozoic coal, can be
discovered in the soft slates in contact with the coal of this formation.
Of animal remains, the most interesting is a small fish four or five inch-
es long, referred by Mr. W. C. Redfield to the genus Catopterus.

It is perhaps worthy of remark that this genus Catopterus of Mr.
Redfield, Jr. contains three other species which characterize the meso-
zoic red sandstone deposits of both Connecticut and New Jersey, and
that therefore while there remains some doubt as to the existence of
true Pal@onisci in our American red sandstone, and consequently as to
any generic link between it and the Permian strata of Europe, of which
the genus Palzoniscus is so definitive, this red sandstone is related by
such a link in the genus Catopterus to a formation of the oolitic epoch.
Thus even as respects its ichthyolite remains, the affinities of the red
sandstone are obviously rather to the mesozoic than the pal®ozoic rocks.

Cretaceous Period.—But if the memorials are scanty of the early
and middle mesozoic periods, those of the last or cretaceous age are

" * See Reports Geol. Survey of Virginia; also, Memoir in Trans. of Geol. Soci-
ety of Penasylvania, by Mr. R. C. Taylor.
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full and satisfactory. Perhaps no one group of rocks in North Ameri-
ca covers so many square miles, or more abounds in various, expres-
sive and beautifully preserved remains of former life, than our green-
sands and cretaceous limestones. Commencing on the northeast at the
Raritan Bay, these deposits range in a contracting belt along the Atlan-
tic plain through New Jersey into Delaware. There they disappear be-
neath the tertiary, and though not visible in Maryland, Virginia or North
Carolina north of Cape Hatteras, they probably form the floor of the
tertiary in all this space ; for in North Carolina they emerge again, and
hold the same relations to the older and newer systems of strata which
they observe in New Jersey. From the Cape Fear river these cretace-
ous deposits spread southwestward, occupying the seaboard of South Car-
olina, much of the southern half of Georgia, a large part of Florida,
the southern half of Alabama, and the chief part of Mississippi; and
west of the great river of that name, they expand so as to underlie
the surface of a great portion of the enormous interior basin of the
continent from Louisiana and Texas northward to the upper Missouri,
and westward probably to the Rocky Mountains. Throughout all the
southern tracts, they support detached local patches of interesting ter-
tiary formations, principally eocene.

This whole cretaceous group of the United States is viewed by Dr.
Morton and Mr. Conrad, after a careful investigation of the fossils, to
consist of three great divisions, called the upper, middle and lower.*
The upper division includes the nummulite limestone, familiarly called
the * rotten limestone” of southern Alabama and the contiguous south-
ern states. The middle division consists of a thin but very fossiliferous
straw-colored limestone, capping in small patches the greensand beds of
New Jersey, and this is supposed by Dr. Morton to be contemporaneous
with the European white chalk. The lower division embraces the ex-

- panded greensand deposits of the Atlantic states and the Missouri basin,
and this is considered by Dr. Morton and others to have been formed
contemporaneously with the strata which in Europe lie between the
chalk and the oolites.

Above the middle division or thin limestone of New Jersey, there
occur in that state two strata not mentioned in Dr. Morton’s classifica-
tion, the lowest a yellow ferruginous sand with fossils, and the upper-
most a coarse brown ferruginous sandstone. As many of the fossils of

* See a tabular view of organic remains of the cretaceous strata, by Dr. Morton,
in the Journal of the Acad. Nat. Scien. of Phila., vol. viii, part 2.

1
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the yellow sand are species common in the lower ‘or greensand division,
Ostrea falcata being one, may not some doubt exist, I would suggest, as
to the expediency of placing the intermediate straw-colored limestone so
definitely on the parallel of the chalk of Europe? Influenced by the
fact just mentioned, and the still more weighty consideration that the
American strata in a list of about one hundred and sixty organic forms
contain probably not more than six or eight species in common with the
cretaceous rocks of Europe, I may be allowed to repeat a suggestion
made in my Report on the geology of New Jersey, that a further com-
parison of the organic remains is required, before we can determine
more than approximately the degree of affinity between the several di-
visions of the cretaceous series of the two continents. Mr. Lyell, who
when in this country collected, with Mr. Conrad’s assistance, a some-
what extensive group of fossils from the straw-colored limestone of New
Jersey, will probably soon give us a more ample insight into the exact
degree of affinity subsisting between this stratum and the chalk.
According to Dr. Morton, the shells hitherto ascertained to be com-
mon to the cretaceous deposits of Europe and America, are four: Tri-
gonia aleformis, Pecten quinquicostatus, Ostrea falcata and Gryphea
vomer ; and to these links he adds about four species of fishes, and that
strange gigantic oceanic lizard, the Mososaurus. To these points of
agreement we must add those of mere analogy in the remarkable generic
affinity of the fossils of the two distinct cretaceous basins. But even in
some of the more positive links above named, we recognize in the dis-
crepancies of their position in the two series of deposits, the difficulty of
establishing an exact equivalency between the strata of basins originally
unconnected. Thus, while the Pecten quinguicostatus of our greensand
or lower cretaceous groupis absent from the middle and upper divisions,
which have been placed on the same horizon of time with the chalk of
Europe, it occurs on that side of the Atlantic in all the strata of the
series ; and again, the Ostrea falcata, restricted 1 believe in Europe to
the limits of the chalk or upper cretaceous group, abounds in this coun-
try chiefly in the lowest and disappears in the middle. In these in-
stances we see exemplified a general and important law concerning the
distribution of fossils, which is, that those species whose geographical
distribution is the widest, possess likewise the greatest vertical range, or,
adapted to a greater variety of localities and physical conditions, they
have been suited to withstand a greater series of vicissitude, and to en-
dure therefore a longer time. Such, though usually styled the charac-
teristic fossils, are in reality the least characteristic of all; for, while
5 .
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they are invaluable in establishing approximate identity of age between
large groups of strata, separated in all other respects from each other,
they fail entirely to fix the equivalency of particular members or form-
ations, and from their obtuseness to ordinary changes they are the least
instructive of all the species in respect to the special events and condi-
tions of their epoch.

CAINOZOIC OR TERTIARY PERIOD.

Our knowledge of the tertiary strata of the Atlantic seaboard has
been considerably advanced during the last three years, through the re-
searches of Mr. Conrad, Mr. Lyell, Prof. W. B. Rogers, Prof. Bailey,
Prof. Booth, and Mr. Henry Lea, while Prof. Emmons has made us ac-
quainted with the contents of the modern tertiary of Lake Champlain.
We may confidently anticipate further contributions to this very inter-
esting portion of American geology from Mr. Conrad and Mr. Tuomey,
who are engaged I believe at present in exploring some portions of the
southern strata. The plan which I have assigned to myself in this ad-
dress will require me to confine myself to the principal results arrived at.

Mr. Conrad, to whom this branch of our geology is so largely in-
debted, has, in a neat and instructive synopsis of his own labors, printed
in the second bulletin of the National Institute, renewed a statement for-
merly made by him, that our older tertiary is linked to the newest sec-
ondary or cretaceous strata by the possession in common of three species
of organic remains. Every fact which would tend to restore any part
of that lost leaf in the earth’s chronology, the absence of which marks
the abrupt transition from the secondary to the tertiary periods, would
be hailed with general interest; for, although the interruption in the
succession of species at the close of the cretaceous epoch is hardly
greater than prevails in other portions of geological time ; and though
the discoveries of Ehrenberg have partially bridged the chasm, yet the
very wide extent of this horizon of discontinuity throughout Europe and
Anmerica, lends it much importance. It was therefore a principal object
with Mr. Lyell, in his visit to the tertiary strata of the Carolinas and
Georgia in 1842, to investigate the evidence for the alleged passage of
certain cretaceous species into the lower eocene strata. Having done
80, he mentions that he was “ unable to find any beds containing an in-
termixture of cretaceous and tertiary fossils,” and he affirms that ¢ the
facts at present ascertained will not bear out the conclusion that any beds
of passage exist in the southern states.”* It is to be observed, how-

* See Proceed. Geol. Soc. London, No. 89.
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ever, that the districts which have led Mr. Conrad to an opposite con-
clusion, viz. the vicinity of Claiborne in Alabama, and of Upper Marl-
borough in Maryland, were not visited by Mr. Lyell, and it is possible
that, had he inspected the whole ground, he might have somewhat modi-
fied his opinion. Nevertheless, the evidence presented by Mr. Conrad
does not seem entirely convincing, since his account of the conditions
under which the Gryphea vomer occurs in Maryland and the Plagios-
toma dumosum was found at Claiborne, do permit the inference that
they were swept by currents into the eocene waters from an adjacent
upraised cretaceous deposit. Even if it should be proved that these fos-
sils lived associated with the earlier tertiary races, so preponderating are
the true eocene forms, both as respects variety and abundance, that it
would still seem inexpedient to class the stratum containing the mixture
as a transition bed between the secondary and tertiary. Would it not
be more philosophical indeed to suppose that the two or three intruding
races had escaped the general catastrophe which cut off all the rest of
the larger cretaceous species ?

Mr. Lyell, I am gratified to perceive, fully sanctions the application
of the terms eocene, miocene and pleiocene, to the respective divisions
of our Atlantic tertiary, as made by me in 1834, from data derived
chiefly from the paleeontological determinations of Mr. Conrad, and this
latter gentleman now lends the weight of his valuable authority to the
correctness of the generalization.

The proportion of living to extinct species in our eocene strata appears
to be as minute as in the corresponding beds of Europe, amounting
probably to not more than one or two per cent., there being about two
hundred and fifty species definitely ascertained. The average ratio in
our miocene is about that in the Faluns of Touraine, Mr. Conrad having
identified as living species thirty eight in a list of two hundred and thirty
eight at present known to him.

The interesting exhibition of tertiary strata at Gay Head in Martha’s
Viaeyard, referred by Prof. Hitchcock to the eocene period, and by some
conjectured to contain fossils washed from a cretaceous formation, has
been examined by Mr. Lyell, and is pronounced by him to appertain to
the miocene age. It has yielded him some interesting organic remains,
none of which are of eocene genera, while several of them are identi-
cal with species characteristic of the miocene beds of Maryland and
Virginia.

In alluding to the more interesting general determinations connected
with the tertiary strata of the United States, I ought not to pass over the
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discovery made in the wonder field of microscopic life. The remarka-
ble infusorial stratum originally detected by my brother on the Rappa-
hannock, and at Richmond, Virginia, he has since traced from the Me-
herrin river near the southern boundary of that state, to the vicinity of
Piscdtaway, a few miles south of Washington. The great thickness of
the stratum, amounting at Petersburg to thirty feet, and consisting al-
most exclusively of the siliceous cases of minute infusorie, but espe-
cially the variety and beauty of the many new species brought to light
through the skill of Prof. Bailey and Prof. Ehrenberg, invest this de-
posit with a high interest. Respecting its geological relations, I would
here observe that it is not, as intimated by Mr. Lyell, of eocene epoch,
but lies, according to the investigations of my brother and Mr. Tuomey,
within and near the bottom of the miocene strata, being underlaid by
unequivocal miocene, both at the Stratford cliffs on the Potomac and at
Petersburg. The former suspects, indeed, that the infusorial deposit
occupies more than one horizon in the miocene. The following short
extract from a recent memoir by Ehrenberg, an interesting notice of
which has just appeared in Silliman’s Journal, exhibits the palaonto-
logical affinities of this stratum to the infusorial deposits of other re-
gions and other geological times.

After ascribing the discovery of eleven of the species to Prof. Bailey,
Ehrenberg proceeds to say, that up to this time he has observed fifty
two forms, among which are about forty six infusoria belonging to
twenty genera, which genera are all European with the exception of
two, Goniothecium and Rhizosolenia, which have not been observed at
any other locality. Of the species, ten, or almost one fifth, are new
and peculiar. * Many of the forms occurring in the deposit are, as Prof.
Bailey quite correctly concluded from his smaller number of observa-
tions, similar to those of Oran, but many of these forms also do not
occur at Oran.” Thus “of the eleven species of the genus Coscino-
discus, five occur at Oran which are also found at Richmond, five are
found at Richmond alone, and one at Oran alone.”

“ As a considerable number of the species of animals belonging to
the chalk formation of Sicily still exist and consequently cannot be
wanting in the tertiary formations, it is evident that no conclusion as to
the geological age of these formations, can be drawn from the simi-
larity or dissimilarity of these forms.” He goes on to say, that ¢ This
group of American forms is of peculiar interest and scientific import-
ance, because the strata at Richmond are decidedly of marine origin
and consequently give at once a general view of the marine microscopic
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animals of the North American ocean; for probably the greater num-
ber of species are still living there, as they have already been found
abundantly on the German coast of the North Sea. The geological
position of the strata must be determined by the order of superposi-
tion, the larger included organic remains, &c., as it cannot be decided
by means of the infusoria.” s

In the same memoir, Ehrenberg acknowledges in terms of just
praise, the value of the careful researches of Prof. Bailey, gives lists
of the fossil infusoria from two deposits discovered by Dr. Charles T.
Jackson in Maine, and states that the knowledge of the microscopic
organisms of Massachusetts has been much extended by Prof. Hitch-
cock through the discovery of several deposits there, during his geo-
logical survey. All of these deposits are referred, I believe, by their
discoverers, to the most modern epoch.

POST PLEIOCENE PERIOD.

The later tertiary strata of this country, though existing in but cir-
cumscribed patches, possess much interest on account of the questions
suggested by their organic remains, concerning the changes which this
portion of the globe has undergone in the level of its surface, and in
its temperature during the epochs next antecedent to the introduction
of the human race. Of these post pleiocene, or pleistocene deposits
as they have been called, several small areas have been described by
Mr. Conrad. The principal ones are in St. Mary’s County, Maryland,
and on the Neuse River below Newbern in North Carolina. To the
same period he also refers the numerous small beds of Ostrea Virgin-
tana, which skirt the low margins of the islets and rivers in Delaware,
Maryland, and Virginia, and by many people attributed to the agency
of the aborigines. The deposit on the Potomac in St. Mary’s County,
is especially interesting for containing several southern species, one
in particular, an estuary shell, the Gnathodon cuneatus, now restricted
to the warmer waters of the Gulf of Mexico. Mr. Conrad infers that
the association of the Gnathodon, Mytilus hamatus, and Arca ponde-
rosa, with species now inhabiting our coast as far north as Massachu-
setts, indicates a climate at the period of the formation, equivalent to
that of Florida; perhaps we should say, an aquatic climate. The
cause of the change of temperature which banished these shells from
the waters of our middle and southern Atlantic bays, connected as it
is with some of the widest questions in our science, will, I doubt not,
receive hereafter from American geologists and naturalists, the atten-
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tion which it deserves. Was it the recession of the tepid waters of
the Gulf Stream driven eastward by a partial elevation, possibly of the
Florida peninsula, or was it connected with the incursion southward of
a vast body of icy waters from the north, the same which in the opin-
ion of some was concerned in the dispersion of the drift, or was it the
result of some more ifiscrutable agency ?

The post pleiocene deposit on the Neuse River, has been described
by Mr. Conrad* as consisting of a shallow stratum, in which the shells
with two exceptions, are such as now exist on our southern Atlan-
tic coast and in the Gulf of Mexico, the Gnathodon cunealus being
one of the species. Mixed with these shells are the bones and teeth of
extinct land animals, such as those of an elephant, a species of horse,
and the Mastodon giganteum.

Another small tract of this modern tertiary has recently been de-
scribed by Mr. J. Hamilton Couper,t as occupying a part of the sea-
coast of Georgia between the Altamaha and Turtle Rivers. Asso-
ciated with shells belonging to species now inhabiting the neighboring
coast, are the remains of the Megatherium, Mastodon giganteum, ele-
phant, hippopotamus, horse, and bison, all of the four latter belonging
it is believed to extinct species.

Mr. Lyell in an instructive paper on the Mastodon giganteum and
other mammalian fossil remains found at several localities in the Uni-
ted States,}] mentions the occurrence in Georgia of that curious Pro-
boscidean described by Owen, the Mylodon. He also informs us that
Mr. Darwin found the mastodon, horse, megatherium, megalonyx, and
mylodon, in Patagonia and contiguous districts of South America, and
occupying a more recent horizon than certain post pleiocene strata ;
and some of these extinct animals Mr. Darwin ascertained to be more
modern than the drift of Patagonia. It may be remembered that sev-
eral years ago, in a report to the British Association, he announced the
fact, that the mastodon remains in this country lie invariably above the
diluvian, a position equivalent, it would seem, to that which they oc-
cupy in South America, and I draw from this the inference, that they
were not overwhelmed by any sudden catastrophe, but disappcared
gradually, being probably overtaken by a progressive chilling of the
climate. It is correctly urged by Mr. Lyell, that having lived after
the deposition of the northern drift, their extinction cannot have pro-
ceeded from any coldness of temperature such as he conceives coin-

* Bulletin of National Institute.
t Proceedings Geol. Soc. London, No. 92. $ Ibid.
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cided in date with that formation, and this confirms, 1 think, my view
of their gradual disappearance. But it has been clearly shown that
contemporaneously with these very fossils, existed the Gnathodon and
other shells of the Mexican Gulf, indicative of a warm climate in the
so called post pleiocene period. Does this not suggest the conclusion,
that the expulsion southward of the Gnathodon and its tropical asso-
ciates, was unconnected with the northern drift and its assumed cold,
and occurred in all probability contemporaneously with the extinction
of the mastodon, at an era subsequent to that which witnessed the
strewing of the northern erratics. Whether the other cause I have
proposed, viz. the withdrawal from our immediate coast of the Gulf
Stream, that great tepid river in the ocean, could produce a sufficient
cooling of the climate of the adjacent continent and its coast, to effect
at length the extinction of the higher animals and the disappearance of
the more susceptible testacea, is a suggestion which those will best be
able to weigh, who have studied the influences which that warm cur-
rent, remote as it is, even now exerts in controlling the climate of the
United States.*

POST PLEIOCENE OF THE NORTH.

Turning to the northern districts of the United States, we meet with
another formation referable to the post pleiocene period, which is much
more widely dispersed than that containing the Gnathodon, and which
also sheds additional light on the epoch of the drift. This is the great
blue clay deposit which fringes so many of the rivers and lakes from the
coast of Maine to Michigan, and from the parallel of the mouth of the

* Since this address was read, some very instructive facts connected with the
subject of the climate of the post pleiocene period, have been presented to the Asso-
ciation by Dr. Amos Binney, as part of a valuable report on the land shells of
North America. From this report, it appears that in Indiana and some of the ad-
jacent western states, there exists a shallow deposit of clay, first noticed by Dr.
Owen, which abounds in fossil land shells. Among them a southern species of
Helecina, now rare in the middle latitudes, occurs in the greatest profusion, being
as far as the evidence of a single species can reach, an indication of a somewhat
warmer temperature. But the value of this discovery is much enhanced by the fact,
that the same land mollusks underlie the remains of the mastodon and other large
mammalia at Big Bone Lick in Kentucky. Later than the deposition of the drift
which they overlie, and earlier than the epoch of the extinction of the mastodon,
these fossilized land shells promise when more fully investigated, to furnish a
record of an intermediate period, when according to the view of Dr. Binney, a
series of shallow lakes existed in the West, and when, as we may conjecture, the
temperature of the region was at least as high as during the immediately succeeding
era of the mastodon.
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Hudson to the lower St. Lawrence. It has been examined by Prof.
Emmons and Dr. Jackson in Maine, by Capt. Bayfield, Mr. Lyell and
Mr. Logan in the valley of the St. Lawrence, by Profs. Hitchcock and
Mather and Emmons in the valley of the Hudson and Lake Champlain,
by Mr. Vanuxem on the Mohawk, by Mr. Hall in western New York,
and by Prof. Mather on the upper lakes; and the inferences arrived at
by some of these gentlemen respecting the physical conditions under
which the formation was produced, are not a little remarkable.

Among the most instructive exhibitions of the deposit are those of
Lake Champlain and the St. Lawrence, where in certain places some
very interesting fossils are met with. According to Prof. Emmons the
mass on the borders of Lake Champlain, consisis of a stiff blue clay
overlaid by yellowish brown clay and this in turn by a yellowish brown
sand, and Prof. Mather mentions that in many parts of the Hudson val-
ley these are surmounted by gravel. More than twenty species of ma-
rine shells have been procured by Prof. Emmons from the blue clay on
the St. Lawrence and Lake Champlain, the two most generally diffused
being the Saxicava rugosa and Tellina Grenlandica. The greater
part if not all of these species, it is stated by our conchologists, now
live either on the coast of Massachusetts, or in the Gulf of St. Lawrence,
and they therefore imply a climate at the period of the clay deposit, as
cold at least, as that which the same region now possesses. Although in
the Hudson valley and throughout still wider limits, the blue clay is des-
titute of fossils, its identity with the stratum of Lake Champlain is not
doubted by Profs. Mather and Emmons. The formation though gener-
ally thin, attains at certain points on Lake Champlain a thickness of
one hundred feet, and Prof. Mather states the whole depth at the town
of Hudson, to be one hundred and eighty four feet. It is worthy of re-
mark that the upper surface of the deposit rises in some places in the
Champlain valley, to an elevation of between two hundred and three hun-
dred feet above the lake, or more than four hundred feet above the tide,
and this agrees with its highest level in the valley of the Hudson.* At
Montreal the same stratum has an elevation above the tide of between
six hundred and seven hundred feet. These facts have been considered
as indicating that a wide tract of the continent, as far south at least as
latitude 42°, stood depressed during this recent tertiary epoch below its
present level, to the extent of four hundred or five hundrcd.feet, and

*® For the above and other facts, consult Reports on New York survey by Em-
mons and Mather.



41

Profs. Emmons, Mather and Hall, and Mr. Vanuxem, rest some interest-
ing speculative views concerning the physical geography of the region
in the period of the drift, upon this conclusion.

Here I may be permitted to suggest a caution. We are not I believe
yet assured that the clay deposit in all districts belongs to one formation,
or is the product of a single epoch, and especially we are destitute of
proofs that the stratum which occurs on the great lakes, excepting that
on lake Ontario, is of oceanic origin. The clay on the Detroit river is
fossiliferous, but whether the shells are lacustrine or marine has not, I
believe, been ascertained. Should they prove to be identical or nearly
so with those of the St. Lawrence, then the whole amount of depression
of the land required to let in the ocean to the present basins of the
Upper Lakes, as supposed by Prof. Mather, must be conceded ; but for
the determination of this identity further observation is required.*

As it has been shown by Mr. Lyell and others, that several of the
fossils found in this deposit at Port Kent on Lake Champlain and at
Beauport on the St. Lawrence, are identical with species found by him
at Uddevalla, and elsewhere in Sweden, and known to frequent the
colder latitudes at the present day, he and other geologists conceive that
they behold in these facts, proofs of an arctic climate, and this inference
has been made to bear on the hypothesis of the origin of the drift.
But since nearly all of these shells are stated to exist at present in the
Gulf of St. Lawrence and on the coast of New England, they do not
necessarily imply a decidedly colder temperature in the waters than
may now prevail in certain parts of the great Labrador current.

In addition to the proofs afforded by this post pleiocene formation, of the
former lower level of the land and of the nature of the climate, it leads to
some important inferences connected with the epoch of the still more ex-
tensive drift formation of the same region. It has, I think, been satis-
factorily established by Profs. Hitchcock, Mather and Emmons, that the
blue fossiliferous clay is newer than that period of erosive action which
witnessed the scratching and polishing of the rocky floor throughout the
northern part of the continent, for not only does the deposit rest on that
striated surface, but there often intervenes, according to Prof. Mather, a
bed of gravel and bowlders, which he views as a part of the drift itself,
though from this conclusion Prof. Emmons and Mr. Hall seem, if I

* Since this address was written I have been informed by Prof. Mather that he
has examined the fossils of the clay of the Detroit river and found them to apper-
tain exclusively to fresh-water species.
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understand them eorrectly, to dissent. At the same time it would ap-
pear that in the Hudson and Champlain valleys and elsewhere, the ter-
tiary clay is covered with another stratum of drift *“ composed of coarse
gravel pebbles and bowlders,” lying on its trenched and denuded sur-
face, and this latest drift, from the magnitude of its erratics, seems not
less indicative than the first, of the extent and energy of the transport-
ing agency, whatever that may have been.

Produced in the interval of comparative tranquillity between the two
epochs of more vehement disturbance, what let us inquire, is the rela-
tive antiquity of this northern tertiary clay compared with the post pleio-
cene beds of the south, containing the Gnathodon cuneatus. These, as
we have seen, were contemporaneous with the Mastodon giganteum and
other large mammalia, and there can be little doubt that the mastodon
was posterior to the latest drift of the country, since no erratic deposit
covers its remains any where in the region of the drift. The northern
post pleiocene, is therefore older in all probability than the southern, by
at least the intervening period which produced the later drift.

Reviewing now all the facts respecting the newer tertiary ages, we
are led to the following conclusions. That the whole period of the drift
was a prolonged one ; that the active dispersion of the far transported
matter was interrupted by an interval of comparative repose, when a
part of the northern country was lower than it now is by at least five
hundred feet, and low enough to admit the sea into its valleys; that in
this interval the northern waters of this region were quite as cold as they
are at present in the same latitude ; that after the close of the drift period
there was a condition of temperature compatible with the general dis-
tribution of the mastodon on the land and with the existence in the wa-
ters, as far northward as Maryland at least, of certain shells of the Gulf
of Mexico, and that subsequently to this there was an expulsion south-
ward of these southern shells, a slight uplift of the Atlantic coast and an
extinction of the gigantic mammalia. Whether these deductions afford
any countenance to the hypothesis of some eminent geologists, that the
age of the drift was a period of great cold throughout the northern tem-
perate zone, or whether we may not account for all the vicissitudes -
here recorded, by the simple theory of local modifications of climate
by changes in the oceanic currents, I will not here further discuss,
Prof. Mather in his report on the geology of New York, has with much
ingenuity treated of the possible conditions of the great oceanic currents
at the formation of some of our earlier strata and during the epoch of
the drift, and although I cannot assent to certain portions of his reason-
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ing respecting the origin of the supposed ancient currents, nor acqui-
esce in his views of an almost general submergence of the land at the
deposition of the drift, yet there is a value in his speculations respecting
especially the Gulf Stream, and a general consistency in the whole hy-
pothesis, which claim for his treatise a careful consideration.

GEOLOGICAL DYNAMICS.

Drift—Earthquake Theory— Elevation of Mountain Chains.—The
attention of this society has been zealously directed during the last three
Yyears, to questions of geological dynamics. The phenomena and ori-
gin of our anticlinal axis, the nature of the forces concerned in the ele-
vation of mountain chains, and the cause, character and consequences
of earthquake motion, have been investigated by my brother, Prof. W-
B. Rogers and myself, but the subject which has enlisted the greatest
number of pens and called forth the most general discussion, has been
among the American geologists as among the European, the interesting
and complicated problem of the origin of the superficial bowlder stra-
tum, the great sheet of diluvium or drift. With the phenomena as they
exist in New England, a region where they are particularly striking,
we have been made familiar through the extended researches of Prof.
Hitchcock, Dr. C. T. Jackson and other geologists. At an early day,
1826, a clear account was given through the pages of the American
Journal of Science, by Mr. Peter Dobson of Connecticut, of the worn
and striated aspect of bowlders in that state, and very soon after this
Mr. Nathan Appleton of Boston, to whom this society is under large
obligations, first called attention to the universality of the smooothed
and grooved surfaces of the rocks wherever they had been protected
from atmospheric action. Itis due to Prof. Hitchcock to state that early
in the history of the geological survey of Massachusetts, being guided
by his own observations, he investigated with much minuteness and care
the phenomena of smoothed and striated rocks and transported bowlders.
Profs. Mather, Emmons, Hall and Dewey, and Mr. Vanuxem, have des-
cribed the features connected with the drift of New York, and the for-
mer geologist embracing & wide survey has examined the phenomena
from New England to the Upper Lakes and to the sources of the Mis-
sissippi. In the western states the drift deposit has been described also
by Drake, Hildreth, Houghton, Lapham, Locke, Owen, Tappan and
others.

Bearing upon the same general subject some interesting communica-
tions bave been submitted to this Association, descriptive of icebergs and
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their probable influence in dispersing bowlder matter, by Mr. Couthouy
and Mr. John L. Hayes. In addition to the valuable facts and views
thus imparted, the animated discussions at some of our meetings have
elicited from many of the gentlemen mentioned, and from others, much
important information.

To embark upon a full view of all that has been done of late in field
investigation and discussion connected with this multifarious subject,
would lead me quite beyond my limits, and I shall therefore content
myself with as brief a statement as possible of the chief generalizations
and theoretical conclusions to which the geologists of this country have
arrived. And here let me advert to the truly favorable field which
North America, with its wide expanse and its peculiar surface, affords
us, for testing some of the leading theories of drift now advocated in
Europe and this country.

The most important facts connected with the great detrital stratum,
are of four classes; those which relate to the grooves or scratches on
the rocky surface beneath the drift ; those which refer to the distribution
of the bowlder material ; those which indicate the condition of level of
the land at the period of the formation; and those which imply the
epoch and duration of the action. The principal phenomena in relation
to the surfuce on which the drift rests are these.

1st, The smoothed and furrowed surface is coextensive or nearly so
with the drift stratum, and it occurs at all altitudes, from the summits of
the loftiest mountains of New England and New York, to the beds of
the valleys, and over the whole broad plain of the lakes and the western
states. In the mountainous and hilly tracts, the northern and northwest-
ern brow and flank of each eminence, are much more smoothed and stri-
ated than the opposite. The scratches do not radiate from the high
mountain summits, but in the vast plains and prairies of the west, among
the confused hills of New England, or on the transverse mountain crests
of northern Pennsylvania, and western Vermont and Massachusetts, they
maintain invariably in all the higher levels a general southeasterly di.
rection. In lower situations, however, on the slopes of the great drain-
age valleys, their course is diverted to conform more nearly and some-
times with exact parallelism to the direction of the natural barriers and
channels. They exhibit a remarkable general parallelism among them-
selves, yet do we seldom meet with a striated surface of any extent
which does not disclose more than one set of furrows; the more recent
and distinct crossing the fainter one at various small angles. Nor are
the scratches truly straight over any considerable length, except where
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the surface containing them is remarkably homogeneous, even and hori-
zontal. On the other hand wherever it consists of harder and softer
parts, and where the rock contains imbedded pebbles, or where it has an
irregular outline, we may invariably detect a bending, and as it were a
free conforming to every inequality on the part of the largest furrows
and the minutest strize. Lastly, where there is much disparity in the
hardness of the different parts of the eroded surface, there will be ob-
served a little ridge of the softer portion lying to the southeast or on the
lee side of each harder knot or pebble, round which the strie sweep
and meet upon the ridge or tail, precisely as water parts at the prow of
a ship and coalesces beyond the stern.

2d. Respecting the drift itself, the following appear to be the princi-
pal phenomena :

Throughout all the northern tracts of the United States and the ad-
joining districts of the British provinces, the surface is covered with a
loose stratum composed of sand, clay, gravel and bowlders of all sizes,
variously mingled and locally stratified.

The stratification is characterized by plains of inclined and confused
deposition, denoting turbulent currents.

The materials invariably belong to formations lying north or north-
west of their present positions, and great spaces occupied by broad
plains, wide belts of hills and even mountains, deep valleys, and vast
sheets of water, intervene. The bowlders have evidently not radiated
from any local centres of dispersion.

The southern margin of the continuous drift stratum reaches in the
east to Long Island and northern Pennsylvania, and in the west to the
Ohio river ; but its gravel extends along the immediate valleys of the
Delaware, Susquehanna and Mississippi, to points much further south.

The direction of the transport of the drift is in each district coinci-
dent with that of the scratches.

The size of the rolled fragments progressively declines as we recede
from the parent rock southward or southeastward, and though solitary
blocks of large dimensions lie in and vpon the general stratum, where
the imbedding matter has only the coarseness of gravel or sand, yet
even there these bowlders obey the general law of a rapid diminution
of size towards the south.

In wide and level districts, the bowlders are often strewed uniformly
over great spaces of country. In other places, more especially at the
base of plateaus or terraces, and opposite to gorges and prominent crests
in the hills and mountains, they frequently form long narrow belts, the
margins of which sometimes maintain a remarkable parallelism.
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The course of the drift and bowlders, like that of the scratches, is
obliquely across the crests of most of our mountain ridges ; but lower
on their slopes, and in the beds of the deeper longitudinal valleys, it
conforms partially or entirely to the directions of what would be the
great natural channels of drainage, if the whole surface were tempora-
rily or permanently under water.

It should be observed that the bowlders of all sizes are themselves
smoothed and striated, and in many cases in such manner as to indi-
cate that this effect has been produced by the fragments rushing past
each other.

Lastly, blocks of considerable size have been transported from low-
er to higher elevations, being seen in New England, New York and
northern Pennsylvania, on mountain ridges a thousand or fifteen hun-
dred feet above the level of their parent rocks; and this fact, as Prof.
Hitchcock has justly remarked, is one of great importance in the his-
tory of our drift.

3d. The third class of facts connected with the drift, relate to the
proofs of a lower level in the land at the epoch of its production. In
describing the post pleiocene blue clay of Lake Champlain and other
northern valleys, I have already cited the proofs that at one period at
least in the general era of the drift, the surface of the country in the
region of New York and the St. Lawrence was lower in level than it
now is by as much as perhaps five hundred feet. It is obvious too that
the whole of New England was at the same time somewhat depressed,
though there is no satisfactory indication that it was throughout as much
submerged as the region of Lake Champlain. It is moreover highly
probable that the country of the upper lakes was lower and more over-
flowed than at present, though it has not yet been established that the
depression was sufficient to let in the sea. That the waters of the ocean
flowed freely at this particular middle period of the drift through the
long and narrow valleys of the St. Lawrence, Lake Champlain, the
Hudson and the Mohawk, and ascended those of the principal rivers of
New England, and even gained admission to the basin of Lake Onta-~
rio, there cannot be a doubt ; but that our whole northern region was,
as Prof. Mather and Mr. Hall suppose, lower than it now is by fifteen
hundred or two thousand feet, and the greater part of New England
and New York and the vast area of the western states all at that era
beneath the sea, appears to me I confess entirely unsustained by that
kind of demonstration which so important an inference demands. In-
deed the absence of any marine deposit identifiable with the Lake
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Champlain clays, from levels higher than the beds of the valleys enu-
merated, seems a conclusive proof that the only part of the land sub-
mersed was in those narrow channels. Thus New England and the
mountain region of the Adirondack, were islands separated from the
main continent by merely shallow and confined straits.

This conclusion has reference, however, only to the condition of the
land during the tranquil interval between the epochs of vehement ac-
tion denoted by the earlier and later drift deposits ; and the main ques-
tion still remains unanswered, as to what was the degree of submer-
gence of the continent at those periods of commotion. Was “the -
whole surface” at present overspread with the detrital matter then ¢ per-
manently covered by water,” as some of our geologists suppose, and
the depression therefore greater even than in the quiet epoch which in-
tervened ; or do we in reality possess one satisfactory monument to re-
cord that any part of the surface, at either bowlder period, was below
the general level of the ocean. If the presence of marine fossils in
the post pleiocene clays is accepted as a convincing argument that the
tracts to which they belong were at the time of their deposition beneath
the waters of the sea, certainly the universal absence in all other dis-
tricts of any analogous remains, is no less conclusive that the submer-
ged condition which would have infallibly produced them did not exist.
To this reasoning it cannot be objected that the sediments of the sup-
posed waters may have been removed by the same currents which
brought in the drift; for the waters of the later and perhaps most dis-
turbed of the two drift periods, were manifestly unable to obliterate the
limited post pleiocene clays which they overspread and could only par-
tially denude.

4th. Respecting the age of the drift deposits of this continent, I have
already presented the chief facts hitherto discovered which seem con-
nected with the inquiry. That the whole belongs to a later age than
that of the miocene tertiary, is evident from the superposition to beds
of that date in Martha’s Vineyard ; and there can be little hazard in as-
signing it to an epoch in that relatively recent though vaguely defined
period of the tertiary, denominated by Lyell and other geologists the
post pleiocene. Commencing before the era of the Champlain fossili-
ferous clays, the same energetic and wide dispersion of detrital matter
was repeated after its close, and yet the whole was apparently termina-
ted before the epoch of the mastodon and megatherium. Of the time
occupied in the formation of the drift, we have not data even for con-
jecture. It must have been immense indeed, if icebergs were the prin-
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cipal agents of dispersion; nor could it have been brief, even if pro-
duced by a succession of paroxysmal disturbances. Yet the whole pe-
riod constitutes, as it were, but a single beat of that slow-swinging pen-
dulum which has counted the innumerable successive stages in the ge-
ological history of our globe.

The principal hypotheses proposed for explaining the detrital phe-
nomena, are—

First, the theory which attributes the scratches on the rocky floor of
the drift, and the dispersion of the far-carried fragmentary materials,
to the agency of ice, creeping forward with a slow velocity but an enor-
mous momentum, like the glaciers of the Alps, grinding down and fine-
ly grooving the jagged asperities of the surface, and bearing on its
back the collected rubbish in the mountain slopes, and strewing this still
further by a rapid thaw :

Secondly, the theory which imputes the whole to icebergs, loaded
with detrital matter, and floating southward until stranded on the sur-
face of the submerged land, which the ice-fields are conceived to have
smoothed and scored through the agency of innumerable fragments
frozen into their lower surfaces :

Thirdly, the theory which supposes no general permanent submer-
sion of the land, but imagines one or more paroxysmal movements of
the earth’s crust in the higher northern latitudes to have sent a portion
of the contents of the Arctic seas—water, ice, and fragmentary rock—
in a succession of tremendous deluges southward across the continent.

Other explanations, consisting in the main either of an union or of
modifications of the chief features of these hypotheses, have also been
suggested and find advocates. Which of these doctrines is to be deem-
ed most in accordance with the phenomena of the drift on this conti-
nent, is a point which still causes considerable diversity of opinion, and
discussion is still busy in relation to each branch of the problem, that
is to say, the origin of the smoothed surfaces and stris, the cause of
the wide dispersion of the erratics, the source of the currents, and the
condition of level of the land. Upon the question of the origin of the
polished and grooved surface of the whole rocky base on which the
drift reposes, many of our geologists conceive that ice was essential to
the production of this phenomenon; but some, sharing the caution of
Prof. Hitchcock, refrain from ‘ attempting to decide whether it has
been ice in one vast sheet acting by mere expansion,” or the same in
the form of stranded icebergs. Others, among whom is Prof. Mather,
think that ¢ there can be no doubt that the scratches on the rocks are
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due to the movements of floating ice, containing masses of rock frozen
in, and grinding upon the bottom.” Prof. Emmons, on the contrary,
conceives that * the phenomena in the main are independent of the ac-
tion of icebergs,” which he believes * to be very poorly adapted to polish,
groove and score rocks,” and he urges that their motion when they are
grounded is rotatory, and therefore not such as to produce striee deviating
so little from a prevailing direction as those which we behold. He
thinks the grooved surfaces have been overflowed by wide shallow riv-
ers, which have smoothed and scored the rocks by pushing along grav-
el, sand and ice ; and confining his view to New York, he supposes
that these rivers communicated with the Atlantic on the south through
the Champlain, Hudson and Mohawk valleys, and that they bore along
ice loaded with sand and pebbles, which scratched and grooved the sur-
faces of the rocks. He thinks that the erosion occurred before the true
bowlder epoch.

Mr. Hall suggests several objections to its production by angular frag-
ments set in the bottom of icebergs or icefloes. He mentions the di-
vergence of many furrows from their regular course as indicative of a
freedom of motion in the grooving body, and he calls attention to the
minuteness of the strie as implying that they were probably caused by
sand and gravel moved by some superincumbent even surface,  not un-
like the polishing of marble when the motion is all in one direction.”
Both Mr. Hall and Prof. Emmons suggest moreover, that the bottom of
the ocean would be necessarily covered with detrital matter, which
would protect the rocky floor from the direct graving action of icebergs.

My brother and myself entertaining very similar objections to the
explanation of the phenomena by icebergs, have ventured farther, and
perceiving no necessity for supposing that the cutting fragments and
particles were ever pressed upon by ice, have appealed to the enor-
mous erosive power which a thick and ponderous sheet of angular
fragmentary rock would possess, if driven forward at a high velocity
under the waters of a deep and general inundation, excited and kept
in motion by an energetic upheaval and undulation of the ecarth’s
crust during an era of earthquake commotion.

Respecting the agencies concerned in the strewing of the detrital
matter, a considerable diversity of theoretical opinion prevails among
those geologists who have recently written upon our drift. Never-
theless, the doctrine which ascribes the transportation of the bowlder
matter to icebergs driven by currents over a permanently submerged
surface, finds evidently the greatest number of advocates. Some geol-

7
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ogists however, believing this hypothesis insufficient to explain the
phenomena, appeal to the theory which supposes a series of inunda-
tions of the land engendered by a violent paroxysmal movement of all
the northern latitudes. Permit me to examine briefly some of the
principal features in these doctrines, and the leading arguments con-
nected with them.

An extensive submergence of all the northern tracts of the continent
is of course implied in the supposition, that the detrital matter has been
floated to where it now rests by icebergs. Thus Prof. Hitchcock, who
thinks that the greater part of the phenomena must be explained by
icebergs, conceives that nearly the entire surface of the land must have
been beneath the level of the sea, and against the opinion that diluvial
currents could have rushed across the continent while it stood at nearly
its present elevation, he objects that the assigned causes for such, are
insufficient to send an ocean to the summit of our mountains, five or six
thousand feet above its proper horizon.

Mr. Hall in like manner, urges that no explanation of the mode of
transport of the bowlders reconcilable with their present situation, can
be offered, which does not assume that the whole surface was perma-
nently covered with water,* and he thinks that a depression below the
present level of as much as two thousand feet, is required for the trans-
port and deposition of the bowlders forming the later drift of southern
New York. He is led to the conclusion, that they were * not moved
by any powerful flood.” He supposes that the * mountain chains of
New England and New York formed.long ranges of islands rising from
the ocean to two or three thousand feet above its level, their sides cov-
ered with perpetual snow and glaciers, and their bays terminated by
cliffs of ice from which detached masses floated off, bearing with them
bowlders and fragments of rocks,” and he thinks, *that it can be de-
monstrated that this dispersion of the bowlders and fragments continued
for a long period, while the land was rising from the ocean.” ¢ After
the land had risen to within eight hundred or one thousand feet of its
present elevation, the great valley of Lake Ontario would form a broad
bay communicating with the ocean through the valleys of the Mohawk
and Susquehanna, the communication by the valley of the Mississippi
becoming closed.” At this stage of partial conversion to dry land, both
Prof. Mather and Mr. Hall conceive, if I do not mistake their views,
that the tertiary clays of Lake Champlain and the adjoining valleys

* See page 336 of Mr. Hall’s Rep. Geol. New York,
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were deposited. Mr. Hall, adverting to the position of the post pleiocene
clays of Lake Champlain in relation to the drift, believes that ¢ the facts
clearly establish distinct and widely distant periods between the forma-
tion of the great body of the drift in western New York and the erratic
blocks or bowlders,” and he conceives * that the scouring and polishing
of the rocks has taken place at a period long anterior to the transpor-
tation of these northern bowlders, and that their passage over the sur-
" face has had little or no connection with this phenomenon.”

Very similar views as to the physical condition of the region now
covered with drift, appear to be entertained by Prof. Mather. De-
scribing the phenomena throughout an extensive area, and assuming
about the same amount of submergence, this geologist has entered into
an elaborate and ingenious enquiry respecting the character and direc-
tion of the great systematic currents which should prevail under the
supposed distribution of land and ocean. Conceiving that the configu-
ration of the continent at the drift period was in the main the same as
at present, he shows that the great polar or Labrador current and the
Gulf Stream being the results of this configuration and the laws of
aqueous motion, connected with the rotation of the earth, and its belts
of different temperatures, these currents must have existed then equally
as at the present day. The Labrador or polar current possessing ne-
cessarily a westward travel, he supposes to have flowed over the north-
ern parts of the United States, bringing ice loaded with detritus. The
Gulf Stream, deriving from the rotation of the earth an eastward ten-
dency, he supposes to have been parted by the mountain chain then
having the form of a great peninsula or island, and one portion to have
flowed up the wide plain or valley of the Mississippi, melting by its
warmth the ice of the Labrador stream, and causing its freights of
rocky matter to be deposited over the country north of the Ohio and
Missouri rivers. The tendency of the southern current to set east-
ward would, Prof. Mather thinks, convert the westward direction
of the ice-bearing current into a southeasterly one, and he thus
explains the southeasterly course which the detritus has evidently
taken.

Prof. Emmons, in his view of the condition which attended the dis-
persion of the drift, conceives that the first detrital stratum and the
erosion of the rocky floor, were produced by currents of the nature of
broad shallow rivers, and that subsequently the land subsided and con-
tinued beneath the ocean long enough for the deposition of the Cham-
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plain tertiary, upon which the icebergs at the same time brought bowl
ders from the north to form the upper or later drift.*

The hypothesis of a general depression of the surface at the detrital
epoch is objected to by Mr. Vanuxem, who has himself been a careful
explorer of the phenomenon of the drift in New York, on the ground
that ¢ the absence of all marine productions whatever, excepting those
which form a part of the materials of the alluvium, (meaning the post
pleiocene clays,) is in opposition to any but a very transient submer-
sion.” This argument, as I have already intimated, appears to me con-
clusive. The whole method of geological reasoning requires, that we
should find a marine deposit before we can assume the presence of the
ocean, while analogies derived from every other geological period show
that in the supposed condition of general submergence, the great, steady
currents which floated those fleets of icebergs must also have wafted
in some sedimentary matter and left continuous strata, however thin,
of clay, fine sand, or marl, if not every where, at least in the more
tranquil tracts of that extensive sea. Yet not even outside of the drift,
along its southern border, do we find a trace of any such deposit. This
total deficiency of all proofs of a permanent overflowing of the land,
must, I think, be viewed as fatal to the iceberg theory. During the
progress of the limited post pleiocene marine deposit, it is quite con-
ceivable that ice from the neighboring lands did play some part, drop-
ping bowlders from time to time on the bed of those inlets of the sea
which occupied the present valleys of the St. Lawrence and Lake
Champlain ; but these very bowlders I would trace to the adjacent
earlier drift. Such icefloes belong in reality lessto the epoch of either
drift, than to an intermediate one in which the physical circumtances
were more nearly those of the present time.

But if we admit, for the sake of concession, that the wide-furrowed
floor of the drift was permanently beneath the water, the explanations
given will be found to be still at variance with several incontrovertible
considerations. The idea that the icebergs may have come from the
coasts of mountain islands, such as, on one hypothesis, the Adirondack
region and the White mountains were, is contradicted by the important
fact, made known by Prof. Hitchcock and Prof. Emmons, that those

* Since this address was read, Prof. Emmons has sent to the Association a brief
peper, containing, I believe, some easential modifications in his views respecting
the origin of the earlier drift. He now attributes it, if I understand him correctly,
to a general and rapid movement of waters from the north, the explanation advo-
cated for the last three years by my brother and myself.
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high tracts have not been centres of dispersion, but like every other
spot, have been invaded by the drift from the north. But there is also
another opposing consideration. The extent of the drift throughout the
northern regions of this continent is immense ; yet by this theory nearly
the whole of it and of northern Europe was depressed below the sea at
that period, and I confess I look over that vast imagined ocean of the
north in vain for the conditions of physical geography, compatible with
the arctic winter supposed. The conceived state of things, an enor-
mous expanse of waters, with here and there an island, in place of a
broad continent in the higher latitudes, is the very converse of that dis-
tribution which is compatible with great cold and with islands and fields
of ice.

In reference to the generalizations of Prof. Mather regarding the di-
rection and agency of oceanic currents at the period of this assumed
depression, I cannot refrain from expressing my belief that the hypothe-
sis of an ancient Gulf Stream, not flowing however up. the valley of the
Mississippi, but, during certain periods at least, along the line of our
great Atlantic tertiary belt, is sufficiently in accordance with the proba-
ble ancient configuration of the land and with geological memorials, to
promise important aid in certain speculative questions in our geology.
I encounter, however, some difficulty in understanding how the two
great currents, the polar and the southern one, would produce a result-
ant movement which would strew the drift in the direction which it ob-
viously took. The general course of the furrows in the rocky surface,
and of the trains of detrital matter, is from about north northwest to
south southeast, and I cannot conceive how a current setting to the south-
west could be turned by one setting in the opposite direction into a south-
easterly course, or how a single direction could, by such a conflict, be
imparted to such a vast area of waters, as wide in latitude and longi-
tude as the region now occupied by the drift; or how, if it could be
thus deflected, it should be able to retain the high velocity which it must
have held in order to distribute the bowlders in their long narrow trains,
to round the angles of the hills, and score and gutter the very hardest
rocks.

Let us now give our attention for a moment to the paroxysmal theory,
which I cannot but think will be found, on careful examination, to be
more in agreement with the admitted laws of physical dynamics than
either of the more popular hypotheses of the day. This doctrine, ap-
pealing to the proofs which our science furnishes of the sudden disturb-
ances of the level of the different tracts of the earth’s surface, at all
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periods of geological time, merely supposes that at the epoch of the
drift, the polar half of the northern hemisphere was the theatre of vio-
lent and perhaps frequently repeated movements of the earth’s crust,
each particular disturbance emanating probably from a different local
region. These disturbances, which are conceived by Van Buch, De
Beaumont, Hopkins, De la Beche, Sedgwick, Phillips, and other dis-
tinguished geologists, to have been of the nature of simple parozysmal
elevations, and by my brother and myself to have consisted in an en-
ergetic and extensive undulation of the crust of the earth accompany-
ing each sudden rise, are deemed sufficient to have caused a rush of the
northern waters over all the higher latitudes of Europe and North
America, covering the surface with an almost continuous sheet of gravel
and bowlders, and polishing and scoring the whole rocky floor.

The chief cause of hesitation with many minds in embracing a the-
ory so much in harmony with the general physical history of our globe,
has arisen from their not recognizing a force sufficient to dislodge and
sweep onward blocks of the huge size which we sometimes encounter,
or to drive the detrital matter up and over the high mountain barriers,
across which, by some process, it had travelled. So long as no definite
estimate has been made of the velocity of the current which would re-
sult from a given amount of paroxysmal elevation, such a distrust of the
energy of diluvial waters was natural and prudent; but we are in pos-
session of facts and generalizations calculated greatly to exalt our con-
ceptions of this power.

It has been shown by Mr. Hopkins, of Cambridge, reasoning from the
experimental deductions of Mr. Scott Russell upon the properties of
waves, that ¢ there is no difficulty in accounting for a current twenty
five or thirty miles an hour, if we allow of parorysmal elevation of from
one hundred to two hundred feet;” and he further proves that a cur-
rent of twenty miles an hour ought to move a block of three hundred
and twenty tons, and since the force of the current increases in the
ratio of the square of the velocity, a very moderate addition to this
speed is compatible with the transportation of the very largest erratics
any where to be met with, either in America or Europe.

Holding in view these demonstrable conclusions, let us consider the
far more enormous velocity which a broad general current would derive
from that mode of paroxysmal action, earthquake undulation, which
constitutes, as my brother and myself have endeavored to show, an es-
sential feature in all movements of elevation. Regarding such disturb-
ances as a true billowy pulsation of the flexible crust of the globe, we
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bave deduced from data connected with some of the best authenticated
earthquakes, the extraordinary progressive velocity of the undulations of
the ground, and have shown that when the pulsation has been imparted
to the sea, the vast waves engendered have moved at the amazing speed
of one mile or more per minute. Making every abatement for resist-
ance from the comparative shallowness of a continental inundation, the
phenomena of earthquakes fully justify us in the belief that the broad
and rapid onward undulations of the ground would be propagated to an
uplifted sea above, and the gigantic billows be propelled across the sur-
face of the heaving land, with a velocity and a propulsive energy ap-
proached by no other possible terrestrial current.

If we will conceive, then, a wide expanse of waters, less perhaps than
one thousand feet in depth, dislodged from some high northern or cir-
cumpolar basin, by a general lifting of that region of perhaps a few
hundred feet, and an equal subsidence of the country south, and ima-
gine this whole mass converted by earthquake pulsations of the breadth
which such undulations have, into a series of stupendous and rapid-
moving waves of translation, helped on by the still more rapid flexures
of the floor over which they move, and then advert to the shattering
and loosening power of the tremendous jar of the earthquake, we shall
have an agent adequate in every way to produce the results we see, to
float the northern ice from its moorings, to rip off, assisted with its aid,
the outcrops of the hardest strata, to grind up and strew wide their frag-
ments, to scour down the whole rocky floor, and, gathering energy with
resistance, to sweep up the slopes and over the highest mountains.

Perhaps I may be permitted, before quitting the class of topics con-
nected with geological dynamics, to allude to the researches upon which
this theory of earthquake action has been founded, and to refer to the
phenomenon which it is conceived to explain.

At the last meeting of the Association, we deduced, from an analysis
of a large mass of data connected with the recent earthiquakes of the
Mississippi valley and of the West Indies, and from the history of other
earthquakes, a striking confirmation of some of the laws of earthquake
motion long ago suggested by Mitchell. From the facts set forth, I
think it can no longer be doubted that a characteristic feature of earth-
quake motion is a rapid progressive undulation of the ground, of the
nature of a series of actual billows or waves, which are sometimes of
the vast amplitude of several miles, and chase each other with an enor-
mous velocity, equal in many instances to twenty or thirty miles per
minute. This movement we are disposed to impute to an actual pulsa-
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tion in the fluid lava mass, upon which the thin crust of the earth is sup-
posed to rest, excited by a sudden rupturing and instantaneous collaps-
ing of the crust, rent by the tension of highly elastic steam and other
vapors.

In a previous year we drew the attention of the Association to the
remarkable structural features of the Appalachian chain, and showed
that these laws of earthquake action furnish perhaps the only solution
of the origin of those grand flexures and folds into which the Appa-
lachian strata have been bent, so extraordinary for their regularity,
great length, parallelism, wave-like form, and progressive subsidence
westward ; and in illustration of the power of earthquakes thus to pro-
duce permanent anticlinals, we instanced among other cases the eleva-
tion in 1819 of Ullah Bund, a’low, broad mound, fifty miles in length,
lifted from the flat plain of the delta of the Indus by the great earth-
quake of Cutch.

Having now passed in review some of the more important general
conclusions in relation to aur geology to which recent researches have
led, we may turn for a moment before closing to contemplate the mag.
nitude and enticing interest of the field for future discovery, which these
explorations have made accessible.

When we reflect on the enormous expansion of some of our great
systems of strata, nothing short of the entire ancient seas in which they
were deposited, and regarding their excessive thickness, permit our
thoughts to dilate until they can take in the true areas which they oc.
cupy in space, and the ages of time which they reveal, and then con.
sider to how great an extent each layer collected in those ancient
seas is now exposed to view, on the flanks of our huge mountain chains
and in the banks and cliffs of our mighty rivers and their unnumbered
tributaries, and above all when we advert to the true nature of each
stratum, the treasures which it contains, the secrets which lie locked
within it,—we become aware of the inexhaustible variety and the gran.
deur of the problems connected with the geology of this continent.

Let us not think that with the completion of the explorations now so
actively in progress, with the mapping in of the outcrops of the strata,
and the description of their organic remains, the field for investigation
will have become exhausted. It will in fact only have become opened
up for more minute and critical research. The utmost perhaps that
we of this generation can hope to do, is by uncovering the main parts
of the buried temple to disclose its vast dimensions and some portion
of its elaborate external beauty; but to penetrate its shrines and read
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upon its inner walls the whole narrative of its origin and construction,
is the glorious privilege which awaits a future age.

Geology grows more interesting as we penetrate into the deeper se-
crets of the past, as we leave the obvious and commonplace phenome-
na and reach the recondite and remote, in the midst of which, as in
the moral and intellectual recesses of the human constitution, would
seem to lie the only true and actual indexes of the great forces which
sway events. It is this very power to reconstruct the past which con-
fers on geology its most distinetive feature, and has placed it in so em-
inent a rank among the sciences.

I question if many minds, even among those devoted to geological
research, are impressed with the wonderful extent to which this science
is likely in future ages to carry the restoration of antiquity, reproducing
in vivid distinctness the ancient geography, climate, and inhabitants of
the globe, tracing the many successive oceans, bays, and shores, and
repeopling for each epoch all the waters and the land; I question if we
are at all aware how completely the whole history of all departed time
lies indelibly recorded with the amplest minuteness of detail in the suc-
cessive sediments of the globe, how effectually in other words every
period of time has written its own history, carefully preserving every
created form and every trace of action.

Each broad stratum, to the very thinnest, be it remembered, was
once the sustaining surface of its region, supported therefore all that
the earth then possessed of its teeming generations, and received in
some form, either perfect or mutilated, every living or organized thing.
‘While the waters above it were the cradle and the theatre of a multi-
tude of races, ¢ was the universal tomb, receiving them all into its soft
bosom in every stage of their life, and thus recording the minutest par-
ticulars of their individual biography. Let us reflect too that in these
successively superimposed surfaces we have sequences of continuous
time of all amounts, from intervals the minutest to ages the most pro-
tracted, so that we behold the birth, the spread and the extinction of
long enduring races, no less than of individual beings, and illustrated
by the movements of every contemporaneous physical condition and
event. The life of races is thus disclosed, and how magnificent and
vast are its higher and profounder laws compared with those which
mark the development of single and fast fleeting individuals.

The creative spirit that broods over nature and has clothed matter in
the garb of time, not only confers on each special being its special fea-
tures and functions, but links it in long and mysterious relationship to

8
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others, past and to come, thus elaborating in the longest periods the
highest generalizations. To discover and read the laws which have
controlled the successive aspects of life upon this planet, is to recog-
nize perhaps the very loftiest class of physical truths which human re-
search can ever hope to unfold.

But, gentlemen, I must desist, having already exceeded my just limits.
I pause because my pages are full, and not because my topics are ex-
hausted. So extensive is the harvest which the geologists of the United
States have of late been reaping, that I have not found it practicable to
count over all the gathered store, or mention more than a portion of the
products of some of the richest fields. This creditable accession to
the scientific wealth of the country, the fruit in part of liberal legisla-
tion, owes much of its value to the intrepid zeal and the excellent spirit
of mutual fellowship and cobperation enlisted in producing it. What-
ever may be the scientific worth of the discoveries made in this and
other paths of knowledge, or however cheering the prospect of the yet
ampler developments that will surely attend future enquiry, let us not
forget that to win for our labors the approval of the wise and good, they
must bear the seal not only of physical but of moral truth ; must show,
as [ trust they do, that in studying great Nature’s laws, while our per-
ceptions of the beautiful have been quickened, and our reason disci-
plined, the yet diviner faculties of our being have been exercised in the
cultivation of a generous charity and a mutual kindness.
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OF THE

FIFTH SESSION OF THE ASSOCIATION

or

AMERICAN GEOLOGISTS AND NATURALISTS.

Thue fifth annual session of this Association was held at Wash-
ington, D. C. during the week succeeding the 7th of May, 1844.
The sessions were held at first in the Medical College lecture-
room, but after the second day were adjourned to the Unitarian
Church. There were three sessions each day, of which the
evening was considered as more properly devoted to general and
popular discussions. The next meeting will be held at New Ha-
ven, Connecticut, on the 30th of April, 1846, and the week there-
after; Prof. William B. Rogers being chairman, B. Silliman, Jr.
and Dr. J. Lawrence Smith secretaries, and Dr. Douglass Hough-
ton treasurer.

Wednesday, May 8th, 12 M.—The Chairman, Dr. Jokn Locke
of Cincinnati, called the Association to order, on the motion of Dr.
Houghton. Mr. B. Silliman, Jr. of New Haven, and Prof. O.
P. Hubbard of Dartmouth College, were made Secretaries, in
place of Dr. D. D. Owen of Indiana, not present.

On taking the chair Prof. Locke presented his thanks for the
unsolicited honor which had been so unexpectedly conferred
upon him ; alluded to the completion and suspension of the state
surveys, as a cause that would render it much more difficult for
the members of the Association to undertake the expense of
meeting ; that, under these circumstances, there should be every
effort made to preserve amongst the members that harmony and
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cordiality which should ever draw them together. He alluded
to the short period allotted to the meeting, and urged essential
brevity in all communications; cautioned against empty specu-
lations and useless debates, as inconsistent with the matter-of-fact
business of geology ; recommended to the Association especially
the study of organic remains as of absorbing importance, and
suggested several problems for solution by its means. He also
pointed to the services which the knowledge here acquired would
enable each to render to'the community in which he resides, and
cautioned the members against allowing the influence of their
characters to be improperly used in mining and other specula-
tions. He finally felicitated the geologists upon the disposition
now so widely evinced of a revolution, by which the talents of
our country are to be turned towards the chastening pursuits of

\/ physical research, especially in the department of astronomy, and
upon the influence which such a taste must exert upon that sci-
ence which embodies the elements of all the departments of
physical knowledge. '

On motion of Prof. Hitchcock, it was voted that members of
the Association be requested to give to the secretaries the titles
of the papers they propose to read, with the number of minutes
required for each paper.

On motion of Prof. W. R. Johnson, Mr. W. C. Redfield, Prof.
Hitchcock, and Prof. Johnson, were appointed by the chairman a
committee of business.

Voted to adjourn to 4% o’clock, P. M.

Afternoon Session.—A paper was read ‘On the origin of the
sedimentary rocks of the United States, and on the causes that
have led to their elevation above the level of the sea,” by Wm.
W. Mather, Professor of Natural Sciences in Ohio University.

ParT I.—On the causes of the great currents of the ocean, and their
influence on the transportation and deposition of the sedimentary rocks.

(A.) Introduction.—On the sedimentary rocks of the United States.

General description of the extent, thickness and variety.

Various materials indicate modifications of causes.

Transport could only be effected by the aid of currents.

Causes favorable and unfavorable to marine organism.

These sedimentary rocks composed of the wrecks of older rocks.
Each of these rocks once the bed of the ocean.

Evidences that these rocks were formed in the ocean.
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(B.) Causes of transportation and deposition, and on the origin of the
materials. ‘ :

Dynamical causes of the sedimentary rocks of the globe :

1. Earth a cooling body.

2. Cooling bodies diminish in volume.

3. Bodies revolving on axis if diminished in volume increase in an.
gular velocity.

Application of these principles to the earth:

Equatorial and polar currents restore the equilibrium disturbed by
varied angular velocity, and resulting from inertia and centrifugal force.

Influence of the sun upon the ocean and on the atmosphere, is to aid
the flow of the polar and equatorial currents.

Reasons of the circular flow of the currents of the atmosphere and
ocean.

Directions of these currents in the northern and southern hemispheres.

Causes of these currents permanent as the ocean and atmosphere.

Primary ranges of this continent the same in general position in form-
er times as at present.

Effects of these upon the directions of the great equilibrating currents
of the ocean over the territory of the United States before its emer-
gence above the level of the ocean.

Deposition of the materials in suspension and solution in this great
eddy.

Connexion of this deposite with that of the eastern British provinces,
and in New England, in North America.

Evidences that even this great area of deposition of Silurian and other
rocks is but a limited view of the great circular flow, and of the depo-
sition of the sedimentary rocks of the northern hemisphere.

Various classes of facts have led from one generalization to another,

. until the causes of these rocks were found to require the consideration

of causes affecting the entire earth.

Classes of facts mentioned as connected with such causes.

All harmonize with the effects necessarily produced by the flow of
the polar and equatorial currents over such areas as they must have
flowed over in times past.

Deduction that the materials of the sedimentary rocks of the United
States were transported and deposited by such currents.

(C.) Original sources of the materials of these rocks.

Evidence during and subsequent to the drift epoch satisfactory.
Evidence preceding the drift epoch often obscure and imperfect.
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Evidence of travellers in high latitudes imperfect, yet in connexion
with other circumstances may be allowed to have some weight.

Conclusion as to the source of the materials that may be deemed ad-
missible.

Part IL.—On the causes of elevation of the sedimentary rocks above
the level of the sea.

(A.) Evidences that these rocks have been elevated above the sea.

Cannot have been caused by disappearance of water.
Land has not the stability usually assigned to it.
Examples of elevation and subsidence now progressing.

(B.) Various causes of relative levels of land and water considered.

These causes slightly discussed and shown to be insufficient, or else
referable to a more general cause.

The fourth cause, that of secular refrigeration of the earth, consider-
ed more at length.

The earth a cooling body, but in an asymptotic condition.

The increased angular velocity resulting from change of temperature
considered.

The day has not varied sensibly for two thousand five hundred

ears,
¢ Reasons why this cannot be adduced as evidence that the earth has
not diminished in volume, and that no geological effects can have been
produced dependent on such a cause.

Discussion of the various causes that might produce variation in the
length of the day.

A cause adduced that would tend to maintain uniformity in the length
of the day if the earth be contracting secularly or paroxysmally.

Influence that this cause may have had in the elevation of mountains
under the tropics.

Influence of the same cause in the elevation of mountain chains, and
the formation of fractures and joints around the earth in an eastward and
westward direction between 40° and 50° of latitude.

Consideration of Prof. Rogers’ theory of the physical structure of
the Apalachian chain of mountains.

Views in part adopted. Perhaps all are true. Mode of testing the
truth of them.

Another explanation offered of the folded and reversed strata and
eastward dip.

This effect referred to the influence of inertia, when masses are ele-
vated, and thus further removed from the axis of rotation, where their
proper linear velocity is greater than their real velocity.
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Recapitulation.—All the various causes discussed may be referred to
one general cause.

That cause, one that is believed capable of explaining all the phe-
nomena of geology.

This cause, the secular refrigeration of the globe, combined with the
effects of gravitation and the rotation of the earth on its axis.

The discussion on Prof. Mather’s paper was deferred until
Thursday morning. ’

Adjourned to 9 o’clock, A. M.

Thursday, May 9.—The Association met at 9 o’clock, A. M.,
Dr. Locke in the chair.

The correspondence of the Secretary of the last meeting with
gentlemen invjted to this meeting wasread. The Secretary read
a paper communicated by Samuel Webber, M. D. of Charles-
town, New Hampshire—*¢ Observations on some appearances in
the alluvial banks of the Connecticut River.”

The object of Dr. Webber’s paper was to show that the terraced char-
acter of the banks of the Connecticut river was due to a gradual and
successive change of the river’s bed in the progress of a long era; at
each successive change of its bed the river flowed on a lower level,
leaving its former bed as a low terrace, a little elevated above its new
surface level. Dr. W. remarks that this change is going forward con-
stantly, the river now running on the right hand of the valley, and now
on the left, altering the boundaries of property, forming islands and new
shores, and gradually sinking from its previous levels. In this manner,
he conceives, we can account for the very elevated plateaus or terra-
ces of the river banks, seen particularly well at Charlestown, New
Hampshire, where the terrace on which the town stands is one hundred
and one feet above the present level of the river. Dr. W.’s paper was
accompanied by two sectional views in illustration of these phenomena.

A letter from W. G. Lettsom, E'sq. of the British legation, was
read, proposing to exhibit to the Association specimens from the
“ Washington silver-lead mine,” in Davidson County, North Car-
olina. Also, a letter from Prof. C. U. Shepard, noticing a fine
collection of specimens of native gold from the newly discovered
mine at Lincoluton, Lincoln County, North Carolina, owned by
Messrs. Cancler & Johnson, now exhibited for sale at 162 Pearl
strect, New York. Weights, 267, 193, 153, 106, 30 dwts.

Prof. Mather read an abstract of his paper of yesterday, when
its discussion was commenced by Prof. H. D. Rogers, and con-
tinued by Profs. Mather and W. B. Rogers. No abstract of
the remarks was submitted to the Secretary.
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Prof. Haldeman read a paper—* Enumeration of the recent
Fresh-Water Mollusca which are common to North America and
Europe, with observations on species and their distribution.”

Eight fresh-water species are enumerated as common to the two sides
of the Atlantic ; but as some naturalists doubt the identity of species
found under such circumstances, a portion of the paper is devoted to an
attempt to prove that the same species can occur in the most distant
localities, whether by transportation, former connexion of the regions,
distribution from more than one original centre, or by transmutation of
species. The two first are the most obvious, whilst the probabilities
against the third are stated to be not less than as ten thousand to one.
The Lamarkian hypothesis of transmutation is reviewed at some length,
and the fallacy of many of the arguments brought against it by Mr. Lyell
and others pointed out.

For reasons given in the article, the Physade alone are taken for
the determination of the per centage of fresh-water shells common to
the two continents, and of these the proportion assigned is five per cent.,
a proportion which is stated to obtain in the Brachelytra, a division of
insects.

No opinion is offered for or against the theory of transmutation, this
being considered an open question, and one which has but a slight bear
ing upon geology ; because, were species transmutable, it would be
during the course of the geological periods, and that, whether organic
remains be assumed as at one time identical with recent species, but
now distinct, or as distinct at all times, the result and its applications to
geology must be the same.

A number of authorities are cited to prove that the same animals, in
a number of instances, are found to inhabit distinct regions ; some phy-
siological points are discussed, and solutions offered to several imagin-
ary problems which have a bearing upon the subject.

After a recess, the Hon. Nathan Appleton presented from
George Ticknor, Esq. of Boston, a letter from Baron W. Sarto-
rius Von Waltershausen, dated Gottingen, December 18, 1843,
describing his great work, called ¢ Atna and its Convulsions,”
upon which he has been occupied for seven years, and which
will be published in the next six years, one portion each year.
The work will be illustrated by a book of plates, containing fifty
four large engravings, (beautiful specimens of which were alse
presented, ) to appear in six numbers; a topographical map in fif-
teen sheets, on a scale of 1 to 50,000, and a geological map in
fifteen sheets, with views, sections, and other drawings.
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Extract of a Letter from Baron W. Sartorius von Waltershausen to
George Ticknor, Esq. dated Gattingen, Dec. 18, 1843.

Isend you some of the first proof-impressions of the copperplates
intended for my work upon Ztna, upon which, as well as upon the
publication of the work, I should like to give you some more minute
information.

Anmidst struggles of all sorts, after seven years of uninterrupted la-
bor, in which I have avoided neither exertion nor peril, at the expense
of not a small part of my fortune, without support from any Euro-
pean government, sustained only by the love of nature and by a strong
will, I have fortunately attained my object; and having set aside and
overcome all obstacles, I think myself now able to offer to science a
work which in other times could have been brought forward only by
royal munificence, as for example the Expedition ’Egypte under Na-
poleon. )

Meantime six years are still necessary before the whole work can ap-
pear; in each of which years, from this time forward, one portion will
come out. The description of the whole, which explains the six divis-
ions, will, I hope, be completed in a few years. The work itself will, I
think, form a thick quarto volume, called * Ztna and its Convulsions,”
and will contain nearly the following matter :

General scientific, topographic introduction ; astronomical observa-
tions to determine the localities ; base measurement and complete tri-
angulation of the volcanoes ; topographical description; trigonometri-
cal and barometrical observations to determine heights ; examination
of terrestrial magnetism ; mineralogy ; history of eruptions from the
Sicanians to the present day ; the geology, and the origin, and all the
changes of the volcano now to be recognized. The conclusion will

consist of general remarks upon the theory of volcanoes, and & com- °

parison of ZAtna with the Ligurian volcanoes, Vesuvius, and the ex-
tinct volcanoes of the south of Europe.

The book of plates, which, as I said, will appear in six numbers,
consists of about fifty four large engravings ; a topographical map in
fiftcen sheets, and a geological map in fifleen. The remaining sheets
consist of views, scctions, and other drawings appropriate to the expla-
nation of the text.

The fact that the work is of too comprehensive a nature and much
too costly for a German public, is sufficient to account for my finding
it impossible to procure either publisher or bookseller, and therefore I
shall be obliged to meet the expenses of the costly publication with my
own means.

As mutual scientific exchange has always had a great charm, and
the object of grave works is, at least in part, to be read by an intelli-
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| gent public, it would be my wish that my work should be spread in
America, particularly since so great a taste prevails among you for
the study of geology. The accompanying plates I send you only that
you may form an idea of the execution of the work, and in the course
of the next year I will send you the first number.

I must add yet a few words about the engravings. They have been
drawn from nature with strict accuracy, chiefly with my own hand, or
at least under my supervision ; and as they are proof impressions, still
unlettered, I have written the titles in pencil. Then comes a proof of
a small portion of the topographical map, which, surveyed and drawn
by myself, like the accompanying sheet, in the proportion of 1 to
50,000, is engraved here by the master hand of Cavallari, of Palermo,
a man of great talent. The whole topographical map will be, if pos-
sible, still more perfectly executed, and consists, as above mentioned,
of fifteen sheets.

On motion of Prof. Wm. B. Rogers—

Resolved, That the thanks of the Association be presented to George
Ticknor, Esq. for his very valuable present, transmitted through Na-
than Appleton, Esq., of a portion of Baron von Waltershausen’s * Atna
and its Convulsions.” A

Resolved further, That the Association tender to Baron von Walters-
hausen an expression of the great interest and satisfaction with which
they have inspected the admirable specimens of his * Atna and its Con-
vulsions,” and have read his letter accompanying them ; and that while
they offer him their cordial congratulations on the progress already
made in his great work, and earnestly sympathize in the zeal with
which he pursues his object in spite of obstacles, they look forward
with the greatest interest to the completion of his labor.

Dr. Locke read a paper on the ““Connection between Geology
and Magnetism,” illustrated by beautiful transparencies, topo-
graphical and magnetic. Dr. Locke remarked—

In the year 1838 I began to examine the elements of terrestrial mag-
netism, including dip, declination and intensity, both horizontal and
total, over various parts of the United States. Every year since, 1
have made journeys to extend this kind of research, until now I have
embraced in a general way the region from Cambridge, in Massachu-
setts, westward to the extreme of lowa, and from the middle of Kcn-
tucky northward to the north side of Lake Superior. It was but natural
that I should note the geology of the substratum at each station ; and
on reducing my observations and putting them into tabular form, I ex-
amined the properties of each group, extending over rocks of a similar
kind, and found, so far as I had examined, some general indications by
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which classes of rocks might be distinguished, although concealed at con-
siderable depths, the magnetical instruments in this respect answering
the general purpose of a mineral or divining rod.

The method by which this became apparent was as follows: a hor-
izontal base line was laid off, and divided say into millimetres, and up-
on this as a line of latitude were set up, at distances corresponding to
the distances of the stations, perpendiculars, or ordinates, of such lengths
as to represent the dip at the given station. This formed a line of points
through which a curve was drawn, called a curve of dip. The scale
adopted was a millimetre to every geographical mile of latitude, and a
half millimetre to every minute of dip. As we desired only the differ-
ences of these ordinates to generate the curve, only the upper ends
were represented—the lower portion, including the zero, or point of no
dip, was supposed to be concealed, or cut off below the chart. A simi-
lar method was adopted to produce a curve of total intensity, indeed,
which was drawn on the same ordinates; the total intensity at Cincin-
nati being reckoned a thousand, and a millimetre a unit. And here
again the lower portion of the scale was omitted. The curves are ex-
hibited on these engravings, [here a diagram was exhibited,] and here
it appears that within the region of our horizontal limestone, destitute of
dykes, either of trap or any other igneous rock, for many hundreds of
iiles, and destitute also of local disturbances, the curves ascend in pro-
cecding to the northward with a gentle acelivity, as exhibited on the
line from St. Louis along the Mississippi to Prairie du Chien, a distance
of four and a half degrees ; and again on a line from Lexington, Ken-
tucky, north two degrees, to Piqua, in Ohio. Here it will be seen, that
the curve of dip, although it varies its rate of ascent in many places,
yet it never descends in progressing northwardly. But a curve similarly
generated along the line from Baltimore to New York, where the sub-
jacent rocks are igneous, exhibits ascending and descending undulations,
like the outlines of distant primitive mountains; and on a line from
west to east, along the south shore of Lake Superior, not only undulate,
but so abruptly as to generate sharp needle-shaped points, so sharp in-
deed that it was impossible to preserve the scale and still delineate
them—the horizontal scale at one place being enlarged. The subjacent
rocks, in this curve, are various; but they consist mostly of trap rocks,
and exhibit abundant signs of igneous action.

I have lately examined the trappean rocks im the vicinity of New
York, and find the results diversified and interesting. Here the partic-
ulars were stated, and it was suggested as probably true that certain
rocky portions of the earth, if they be conductors of magnetism, as trap-
pean rocks, and especially if they be elevated, and of an oblong form,
become feebly magnetized by th; induction of the earth itself, and ac-
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quire a polarity contrary to that of the earth, thus diminishing in a sen-
sible degree the effect of terrestrial magnetism in the neighborhood.

Prof. Locke also announced the fact that the point of greatest mag-
netic force is at or near Lake Superior. Thus there are three impor-
tant poles or points nearly on the same meridian, nearly equally distant
from each other, and directly north of the United States, being between
the longitudes 85 to 90: first, the true north or astronomic pole ; sec-
ond, Ross’s pole of perpendicular dip, and of magnetical convergence,
twenty degrees south of the astronomic pole; third, the pole of maxi-
mum intensity of magnetic force, 213° south of Ross’s pole, 424° south
of the north pole, viz. in 473° of north latitude.

Prof. L. added that he had made a journey to Europe and purchased
the instruments for this research at his own cost; that he had travelled
many thousands of miles in making the investigations, and mostly at his
own cost ; that now he has developed so many points of what seems to
him to be a regular system of magnetism in the United States, that he
feels almost irresistibly impelled to prosecute the subject, but the econ-
omy of his domestic affairs renders it inconsistent with his duty.

Prof. Johnson presented an invitation from Lieut. Gilliss to
visit the Naval Observatory this afternoon at 5 o’clock, which
was accepted.

The President presented the invitation of Capt. Wilkes to
visit the collections of the Exploring Expedition at the Patent
Office, and also to visit him at his residence on Saturday eve-
ning, which was accepted.

Prof. Hitchcock read a paper on “the Trap Tufa, or Volcanic
Grit of the valley of the Connecticut River, with inferences as
to the relative age of the Trap and Sandstone,” with illustrations.

The trap tufa is a peculiar rock of volcanic origin, differing from
common trap in being conglomerated, or taking round pebbles into its
composition, and being stratified. It also contains one marked exam-
ple of a vegetable petrifaction, appearing like organic remains in igne-
ous rock. But Prof. H. endeavored to show that it was produced before
the main ridges of trap along Connecticut river, by precursory outbursts
of pumice, scoria, ashes and melted matter, flowing over the bottom of
the then ocean, and mixing with the sand and gravel, and so becoming
more or less stratified, and enveloping animals and plants. After this,
layers of sandstone accumulated over it, and finally the main ridges of
trap were protruded through the strata, tilting them up. Hence this
rock, constituting East and West Rock, and the Hanging Hills in Con-
necticut, and Holyoke and Tom in Massachusetts, was the one of latest
origin in that valley—a point which had not before been determined.
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Prof. H. added some remarks on the dip of the sandstone in general
in the valley, endeavoring to show that in part it was elevated by the
protrusion of the trap, and in part by the elevating and lateral move-
ments of the adjoining primary ranges, although it may have been de-
posited on a plane slightly inclined, but not on one so steep as 15° or
20°, which is the medium dip.

Dr. Houghton-remarked on the trap and sandstone on the
south shore of Lake Superior.

Prof. Wm. B. Rogers remarked upon some dynamical points:
not considered by Prof. Hitchcock in his paper.

M. Isaac Lea read a paper, ‘ Observations on the Naiades.”

Mr. Lea in the introductory part of his paper, advocated the impor-
tance and beauty of the study of the natural sciences, and pointed out
the advantages of a minute knowledge of species in connection with ge-
ology. He then proceeded to state that the family of Naiades (fresh-
water muscles) was more variously diffused throughout the rivers and
lakes of the United States, than in any other country whatever. Atten-
tion had therefore been drawn to the development of this brahch of
zoology much more successfully here than in Europe, where there were
not above a dozen real species, while the whole family consisted of
about five hundred accurately made out. He mentioned some of the
discoveries made here regarding their anatomy, habits, &c., and contend-
ed that the opposition made abroad to the large number of contested
species, must give way to the facts as most certainly established here.

Mr. L. then went into a statement of the various parts of the Unio—
its soft and hard parts, (the animal and its calcareous covering,) and
dwelt more particularly on the secretions forming the shell, stated the
discoveries made recently in England by Dr. Carpenter, and particular-
ly of that very important one of the * basement membrane,” (similar
to the reticulated epithelium in the mammalia,) by which the calcified
portion of the shell is formed. The apparatus of the hinge and ligament
was also minutely described, and the position of the shell in its native

" element shown, together with the normal characters of the parts, pre-
cisely and definitely fixing in description its anterior and posterior mar-
gins, &c. He then went into the divisions and subdivisions of the Nai-
ades, in accordance with the system proposed by him in his synopsis,
and illustrated his remarks by specimens of the types. In describing
the habits of the Unio, he stated that it was sometimes left by freshets
on the shelving shore, down which it travelled to its native element, leav-
ing a grooved track to mark its progress. Mr. L. then, turning to his
friend, Prof. Hitchcock, who has so happily illustrated the bird-tracks of
the new red sandstone of Connecticut, suggested to him that he should
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bear this fact in mind, as he might in his researches fall in with the
path of some ancient Unio.

Adjourned to 7} o’clock in the evening.

Thursday, 7% o’clock, P. M.—A note was read from Prof. A.
D. Bache, inviting the Association to call at the office of the
Coast Survey, and see the instruments and work.

Prof. H. D. Rogers submitted a communication on the prob-
able constitution of the atmosphere at the period of the forma-
tion of the coal. He stated that the recent researches of Ameri-
can geologists, by informing us of the true quantity of coal in
North America, enables us for the first time to estimate with
some precision its total amount on the globe, and thereby to
compute the quantity of carbonic acid which the ancient atmos-
phere must have contained to supply this vast body of carbon.
He showed that the existing atmosphere contains, in its carbonic
acid, carbon enough to furnish, through vegetable action, about
850,000,000,000 tons of coal ; and that the probable quantity of
coal in existence, all of which must have been elaborated from
the ancient atmosphere, is nearly 5,000,000,000,000 tons, that is
to say, about six times that which the present atmosphere could
produce. So great a reduction in the carbonic acid of the earth’s
atmosphere, implying, as all chemists are aware, a corresponding
augmentation of oxygen, is a fact of great interest to geology,
as showing that very modification in the constitution of the air
which would adapt it to the development of animals progressively
higher in the scale of organization, which are known to require
a more rapid oxygenation of their blood.

Prof. W. B. Rogers communicated an abstract of a paper re-
lating to the chemical equivalents of certain substances, as in-
ferred from recent experiments by Prof. R. E. Rogers and him-
self. Referring to the progress of investigation in this funda-
mental branch of chemical science, he called attention to the
recent admirable researches of M. Dumas and other European
chemists, as giving strong confirmation to the doctrine maintain-
ed by Dr. Prout, of England, that the equivalent numbers of
all chemical substances are whole numbers, taking hydrogen as
unity. Employing the apparatus for the analysis of carbonates
described by himself and Prof. R. E. Rogers in Vol. xLv1, p. 346,
of this Journal, he stated the following as some of the results:
the equivalent of lime 28, that of baryta 72, that of soda 31. A
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report of further determinations, by the same process of research,
was promised for a future meeting.

Prof. R. E. Rogers described a new apparatus and processes,
devised by himself and Prof. W. B. Rogers, for the determina-
tion of the amount of iron in iron ores, cast iron, &c. They are
a platinum bulb and stem in place of the usual implement of
glass, and, by a peculiar construction, a revolving motion is given
to it, while hydrogen is passed over the heated assay. Asa great
improvement in the process of reduction, the Profs. Rogers have
recently, with great success, employed lampblack in mixture
with the ore in a platina crucible, the reduction being effected in
a few minutes by a spirit lamp and current of air. The amount
of metal is determined by the volume of hydrogen disengaged by
the action of dilute acid in a graduated syphon tube.

Prof. John Locke made some oral observations on the lead re-
gions of the Upper Mississippi. Mr. Conrad had announced that
these deposits were equivalent to the Trenton limestone, as in-
dicated by the fossils, some of them having lead replacing the
animal form. Dr. L. remarked that that portion of the formation
furnishing the fossils of Mr. Conrad was not productive in ga-
lena. Mr. Owen and himself had determined the principal de-
posits of lead to be found in a peculiar rock equivalent to the
cliff limestone. He had no doubt of the accuracy of Mr. Con-
rad’s conclusions, as far as he (Mr. C.) had had an opportunity of
determining the equivalency from the specimens submitted to
him.

Doctor Houghton added his assent on the determination, but
did not think any peculiar limestone essential to the occurrence of
lead. He had formed the opinion that it had, in all cases which
had come under his observation, been segregated and sublimed
by the heat of intrusive trap. In Michigan he had uniformly
found native copper near and attached to the numerous trap
dykes, while sulphuret of lead was lodged in cavities of the
rocks more remote from the heat.

Prof. R. E. Rogers said that the fact corresponded to what
might be expected where sulphurets of copper and lead were
heated together ; the former would be reduced to metallic copper
by the heat alone, while the galena would be driven into the
cooler parts of the rock.
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Doctor H. King came to the conclusion, from observations
made in Missouri and elsewhere in the west, that no volcanic or
igneous agency had any influence in the segregation of the lead ;
the subjacent beds had no dykes, dislocations, or other proofs of
igneous agency. The lead was imbedded in the rock, like masses
of chert; had not been volatilized, and it not unfrequently was
the matrix of fossils. Further, the chief deposits are arranged
in great eastern and western lines, occasionally in plates filling
cracks in the rocks.

The oral discussion of the subject was continued until the
hour of adjournment.

Friday morning, May 10.—The Association met at 9 o’clock
in the Unitarian church. Dr. Locke took the chair, and present-
ed to the notice of the Association, from Mr. John Vancleve, of
Dayton, Ohio, a translation of the first part of Dr. Goldfuss’s
work on ¢ Petrifactions,” part ¢ Zoophytes.”

Prof. Hitchcock gave, by request, an oral recapitulation of the
points of his paper of yesterday on Trap Tufa, &c. previous to
the reading of Mr. Silliman’s paper on the Trap and Sandstone
of Connecticut.

A letter of Messrs. Booth and Boyé, of Philadelphia, in refer-
' ence to the “Report on the native compounds of Lime, Magne-
sia, Manganese, and Iron,” expected from them, was read, and
it was voted that they be requested to report on the same subject
next year.

Mr. B. Silliman, Jr. presented a ‘Report on the Intrusive
Trap of the New Red Sandstone of Connecticut,” which was
called forth -by a resolution of the Association last year, and
was confined chiefly to several theoretical considerations, found-
ed on the facts developed by Dr. Percival’s able Report on the
Geology of Counecticut, and on others of his own observation.
The conclusions arrived at by Mr. Silliman, after a full discus-
sion of the subject, which occupied more than an hour, were—

First.—That the sedimentary strata of the valley of the Connecticut
were laid down from suspension in water in the angular position in
which we now find them, (with an easterly dip,) and have suffered no
subsequent change of dip, except in immediate connexion with and de-
pendent on the injection of the trap rocks; and further, it was considered
probable that these strata were deposited by a primeval oceanic current,
setting from the southwest and west, bearing with it the ruins of the pri-
mary strata over which it flowed.
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Second.—Subsequent to the accumulation and consolidation of the
sedimentary rocks, and resulting by known physical laws from this ac-
cumulation, a transfer of focal energy in the internal heat was effected,
which resulted in the disruption of the lower primary rocks, in the form-
ation of long parallel dykes of trap in them, which discharged their
molten contents among the sedimentary strata, distributing it among
them along the lines of least resistance, up the plain of the dip, eleva-
ting the superincumbent strata parallel to the dip from the beds on which
they before reposed, and producing in the superior strata fissures and
transverse cracks toward the extremity of the sloping dyke, which were
of course filled with molten trap. This injection was probably continu-
ed during a long period, but is all referable to the same geological epoch,
and anterior to the elevation of the strata in which it occurred ; and
probably few of the dykes reached a point so elevated as the then bottom
of the ocean.

Third.—After the period of deposition and injection ceased, and the
elevation of the present continent had commenced, there occurred enor-
mous denudation by a northerly current, whose records are every where
found on the rocks in place, and in the loose detritus of rounded and
transported drift which every where covers the valleys of this and ad-
jacent regions. This current was probably due to the flowing off of the
oceanic waters on the elevation of the present continent. By this de-
nudation the softer shales, and even harder conglomerates, were remov-
ed, and the previously formed trap ranges were fully developed ; many
were removed entirely ; the only record we have of them being in the
long parallel dykes in the adjacent primary and their ruins among the
diluvial materials of Long Island. This point involves the necessity of
supposing the secondary once to have had an extension so great as to
cover most of the now prominent trap ranges of the Connecticut valley,
and that portion of the adjacent primary included between the South-
bury basin on the west and the trap dykes of the eastern primary.

It was also inferred that the geological age of this region is satisfac-
torily determined to be the period of the new red sandstone.

This paper was illustrated by a large colored copy of Dr. Percival’s
outline map of Connecticut, by two ideal sections in support of the views
submitted, and by a picturesque view of the Hanging Hills of Meriden,
a well marked instance of the physical character of the trap and red
sandstone formation of Connecticut.

Prof. Hitchcock remarked that his views on the question of
the elevation of the sandstone, and on the origin of the materials
composing it, were different from those expressed by Mr. S. in
his paper.
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~ An interesting oral discussion on the points brought under re-
view by Mr. Silliman’s paper, was conducted by Profs. H. D.
and W. B. Rogers, Dr. Smith, of South Carolina, and Prof.
O. P. Hubbard, of Dartmouth, which was not reported.

After the recess at 12 o’clock, the business committee reported
the order of proceedings for the ensuing day.

Mr. James Hall then read an abstract of a paper upon the
Brachiopoda and Orthocerata.

The object was to show the variation in size and form among many
species of the Brachiopoda, depending upon the age and the condition
of the ocean bed upon which they lived. Mr. H. remarked that, when
a student in geology, and making pedestrian excursions with his asso-
ciates, the motto upon their knapsacks was, * nullum sarum sine nomi-
num est.”” At that time there were, however, many rocks without names
to them. Since that time he had learned from experience that some
rocks had as many as five or six names. This remark was applicable
to a species of Atrypa, which occurs in great abundance in Ohio, Ken- -
tucky and Indiana ; this had been received under different names in its
different stages, from the plain plicated form of the young specimens to
the expanded older form, to which Mr. Conrad has affixed the name of
A, capaz.

The same fossil, in its younger or smaller form, occurs in New York,
where it is known by another name.

Similar observations were made in relation to a species of Delthyris,
which, under its different phases, has no less than six names applied to
it. The gradations in all cases he satisfactorily traced, leaving no doubt
of the propriety of referring the whole to a single species. The same
was true of other species of Brachiopoda, which would be exhibited to
the Association at some future time.

The remarks upon the Orthocerata regarded a peculiarity in the
structure, which shows the existence of a long conical or terete tube, like
a Belemnite, within the siphuncle. In some specimens there was an in-
sertion of a second tube within the first, and in one case as many as five
concentric hollow tubes of this kind. This discovery was regarded as
new, and throwing additional light upon the structure of these remains.

Some species did not exhibit this structure, and it may serve as the
foundation of a generic distinction.

Specimens were exhibited showing the excentric siphuncle, and
these bodics, scparately, were often regarded as distinct and indepen-
dent fossils.

M. Lea called the attention of the meeting to the importance
of Prof. Hall’s observations on the fossil Brachiopoda, where he
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demonstrated that many species had been made from one, the dif-
ference of form having arisen from difference of age, locality, &c.

Mr. L. stated, it so often happened in recent species, that the young
differed greatly from the adult, that he thought the geologist should
be cautious in coming hastily to conclusions which he might be com-
pelled to retract. He then exhibited specimens of the various stages
of growth of the Unio plicatus, showing that the first and second growths
were really without plications—that after the second stage the first fold
began to appear, and subsequently the remainder of the shell was very
much plicate. In the tuberculate species this also happens, as was
shown by a specimen of Unio pustulatus; the first growth having no
tubercle whatever ; the second growth having two tubercles, and each
stage of growth afterwards having two. He also instanced the genus
Melania, as presenting difficulties in the various stages of growth, as
the characters of the whorls when the individual was young or half
grown was often entirely different, the marking on the superior half of
the whorls being frequently totally different from the inferior half.

Friday, 2 o'clock, P. M.—The Standing Committee nomina-
ted as members : Prof. Ellet, South Carolina College, Columbia ;
Prof. L. R. Gibbs, Charleston College, S. C.; John Vancleve,
Dayton, Ohio; Prof. Alexander D. Bache, Washington; Prof.
Joseph Henry, Princeton, N. J.; Rev. John G. Morris, D. D.,
Baltimore ; Peter Edwin Henderson, F. R. S., Civil Eng., York,
England; N. P. Ames, Esq., Springfield, Mass.; Prof. Loomis,
‘Waterville College, Maine ; Wm. O. Ayres, East Hartford, Conn. :
Frederick B. Leonard, M. D., Lansingburg, New York ; Prof.
Samuel St. John, Western Reserve College, Hudson, Ohio ; Prof.
Chase, Brown University, Providence, R. I.; Edmund Ruffin,
Esq., Petersburg, Va.; Lieut. Maury, U. 8. Navy.

Adjourned to 7§ o’clock, P. M.

Friday, 7% o'clock, P. M.—The Association met pursuant to
adjournment.

Prof. H. D. Rogers, chairman of the last annual meeting, de-
livered his anniversary address, (herewith published,) *“On the
Progress of Geological Science during the last three years in the
United States.”

Saturday, May 11.—Dr. Locke in the chair.

"The order of business was read, and some minor points of bu-
siness detail were disposed of.

Mr. Lawrence having inforined the meeting that Messrs. Gales
& Seaton were ready to publish the proceedings of the Associa-

3
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tion in their valuable paper, the National Intelligencer—on mo-
tion of Mr. Silliman, it was resolved that the thanks of the As-
sociation be presented to Messrs. Gales & Seaton, and that their
offer be accepted.

The order of the day was then taken up. Prof. H. D. Ro-
gers read a portion of his address, not read on the evening previous,
and also a paper, by himself and his brother Prof. W. B. Rogers,
entitled “ A system of classification and nomenclature of the pa-
lzozoic rocks of the United States, with an account of their dis-
tribution more particularly in the Appalachian mountain chain.”

Referring to the great extent of their field operations for the last
eight years, which, besides the minute surveys of New Jersey, Penn-
sylvania and Virginia, have included a general tracing of the great
formations from Lake Huron to Alabama, and for great distances across
the chain, they called attention to the ample materials thus collected re-
lating to the fossils as well as the mineral character of the formations ;
from which, and from the data collected by others, they have framed
their proposed system of classification and nomenclature. They stated
that the great mass of strata composing what they designate as the Ap-
alachian system, whose aggregate thickness in some districts exceeds
30,000 feet, is made up of an extraordinary number of distinct forma-
tions, characterized by their organic remains and composition, marking
a long series of events and a vast lapse of time, and constituting one
uninterrupted succession of deposits, closely linked by an unbroken
sequence of animal and vegetable remains. Viewing the whole as a
single system, the entire record of one continuous period, they propose
to deduce from the study of the organic remains of the different portions
of this mass, aided by considerations of a mineral character, a classifi-
cation in harmony with the natural relationship of the different mem-
bers throughout the region which they occupy as to time and circum-
stances of origin—which, in other words, shall express the various
epochs and changes in their true relative importance ; and to clothe this
classification in language which shall at once be suggestive of these re-
lationships, and applicable every wherc throughout the vast region of
the Apalachian rocks. They showed that in such a system of nomen-
clature wisely framed, the primary idea suggested by the terms should
be that of the order in time of the successive formations, and that its
language, comprising in a symmetrical form all the wider as well as more
restricted groups of strata, and presenting the greater and smaller sub-
divisions in due subordination, should possess such pliancy as to admit
of expressing by some simple adjunct all the modifications of type ex-
hibited by particular divisions of the system in different or distant re-
gions.
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They then gave a sketch of the classification and nomenclature they
had framed, illustrating their views by vertical sections of the strata, as
exhibited in New York, Pennsylvania and Virginia. Referring to their
organic remains, mineral character, and relative expansion throughout
nearly the whole extent of the Apalachian chain, they exhibited lists of
the fossils and tables of the comparative thicknesses of each formation
in the different districts, as explored and measured by them during the
last eight years in the region from New York to Alabama, pointing out
the limits or area of each formation in the basin, and the range of the
principal fossil species both as respects their geographical limits and
their extension through successive strata.

Mr. James Hall, in reference to the paper of the Profs. Rogers,
congratulated them and ourselves that they had borne such able
evidence of the value of organic remains in determining the age of
rocks. * * * Prof. W. B. Rogers, taking up the subject, said that
they had not been understood on this point; they had followed
out the intricate structural geology of Pennsylvania and Virginia,
relying chiefly on lithological characters, and had found to their
great gratification that they had been working in parallel planes
to the New York geologists, whose labors among the regular and
horizontal strata of that state, relying on the evidence of fossil re-
mains, had brought out results in the main, quite consistent with
the determinations of the Virginia and Pennsylvania strata,

Mr. Hall replied that the term *New York system” of rocks
was considered by the gentlemen who agreed on it, as a conven-
ient conventional term, but never as a permanent one, and that
they were ready to abandon it whenever another, more general
and better adapted to cover all the facts, should be presented.

In expounding their views, Messrs. Rogers objected strongly to
any nomenclature, based upon an examination of local districts,
and, referring to the vast fields of American geology now suffi-
ciently explored to justify and require a general classification, and
to the opportunity which the yet untrammeled state of the sci-
ence amongst us affords for the adoption of a comprehensive no-
menclature of the rocks, urged the importance of seizing the
occasion for framing such a system upon an independent and
enlarged basis.

Mr. James Hall and others advocated the more cautious meth-
od, in the present state of our knowledge, of adopting a provisional
nomenclature, founded mainly on the labors of foreign geologists,
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Prof. Hitchcock then read his “ Report on Ichnolithology or
Fossil Footmarks, with a description of the Coprolites of Birds,
discovered recently in the Connecticut Valley,” &ec.

Ichnolithology is the science of footmarks in stone, and is a quite re-
cent branch of Paleontology. The object of this paper was to give its
history, and to add some new facts respecting the footmarks of this
country. '

Dr. Duncan gave the first trustworthy description of fossil footsteps in
the sandstone of Scotland in 1828. They were those of tortoise. In
1831, Mr. Scrope described some tracks of crustaceans in the forest
marble of England. In 1834 the tracks of an animal called the Chiro-
therium were found in Saxony, which Mr. Owen now refers to the Laby-
rinthodon, or a frog as large at least as an ox. In 1835 the tracks of
birds were described from the Connecticut valley. With the four new
species added by the author in this report, no less than thirty-four spe-
cies have now been discovered in that valley, some of them sixteen
inches long, or four times longer than the foot of the ostrich. In regard
to the first discovery of these tracks, it was stated that the first was
found in 1802, by Mr. Moody, and Dr. Dwight of South Hadley, and
by them regarded as the tracks of birds, but no account of them was
published. In 1835, Dr. Deane, of Greenfield, called Prof. H.’s atten-
tion to tracks of this kind, discovered in another locality. After care-
fully investigating the facts, the latter published, in 1836, an account of
seven species, and five years afterwards of twenty seven species, in his
final report on the Geology of Massachusetts. Up to that time the au-
thor maintained that he had prosecuted this subject alone, and that no
other person had investigated it scientifically, and therefore he had a
right to be regarded as the real discoverer of bird-tracks in stone, al-
though others first found them. He thought that on this point injustice
had been done him in the journals of this country and of Europe, by
representing others as having preceded him in the discovery and explo-
ration of these tracks, although he believed that such injustice was
wholly unintentional on the part of those who had done it.

The author proceeded to describe other examples of fossil footmarks
more recently, such as those of Chirotheria, tortoises and reptiles, at
three localitics in England, among which were some like those of birds ;
of two singular tracks in Germany; of those of fish, mollusca, and
worms in England; of bird-tracks in New Jersey, of reptiles in Nova
Scotia, and of supposed tracks on the slates of Hudson river.

He announced also that he had within a few months discovered the
coprolites, or petrified excrements of birds, in the sandstone of the Con-
necticut valley. He submitted specimens to Dr. Samuel L. Dana, of
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Lowell, who, by a most rigid analysis and a most ingenious train of
reasoning, had found them to be not only coprolites, but the coprolites
of birds; and not of birds only, but of a particular kind of birds, viz.
the omnivorous, such as have deposited guano. These conclusions de-
pended chiefly upon the existence in the coprolite of uric acid, which
Dr. Dana had proved by a most elaborate analysis. These conclusions
of Dr. Dana the author regarded as one of the most ingenious applica-
tions of chemistry to geology he had ever known, and stated that hith-
erto the coprolites of birds had not been discovered.

This paper wasillustrated by a drawing of the Labyrinthodon, an enor-
mous frog as large as an ox; also, by a drawing of a bird on the type
of the Apteryx, intended to represent the gigantic Dinornis, or danger
bird, whose bones have been lately found in New Zealand. The draw-
ing was sixteen feet high, There was shown also a drawing of a bird-
nest twenty-six feet in circumference, and two feet eight inches high,
found by Captains Cook and Flinders on the coast of New Holland ; and
it was suggested that perhaps this might have been the nest of the Dinor-
nis; and if so, that this enormous bird may still be alive in that country.

Several gentlemen followed Prof. Hitchcock’s paper with oral
remarks.

Capt. Charles Wilkes then read a paper ““ On the formation of
the Antarctic Ice,” accompanied by illustrations and a chart of
the Antarctic Continent.

Capt. W. considered these bergs and floes as due for their increase
chiefly to the congelation of atmospheric moisture, and that it was from
this cause that they were always found to consist of pure fresh water,
with which he frequently supplied his ship. His illustrations showed in
a spirited way the mode of decay and the forms assumed by the bergs
in melting : and he explained how powerful they were as agents in trans-
portation of geological materials.

The Association then adjourned to assemble at the residence
of Capt. Wilkes in the evening, with the view of seeing the draw-
ings and illustrations, charts, &ec., the result of the labors of the
gentlemen engaged in the Exploring Expedition.

Monday morning, 9 o’clock.—Dr. Locke in the chair. The
meeting was called to order, and the Secretary read the minutes
of Saturday’s session. After some minor business matters were
disposed of, it was

Resolved, That this Association hold its next meeting at New Haven,
in Connecticut.

Resolved, That the thanks of this Association be tendered to Prof.
Henry D. Rogers for his excellent and instructive address before the

A
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Association on the evening of Friday last; and that he be requested to
furnish a copy of the same for publication.

Resolved, That Mr. B. Silliman, jr. be a committee to carry the above
resolution of publication into effect.

Prof. Hitchcock called the attention of the meeting to the sub-
ject of our transactions, and the importance of providing some
proper vehicle for the publication of the valuable papers already
accumulated in the archives of the Association.

The order of business for the day was then taken up by the
reading of a description of two new cabinet cases for minerals
and geological specimens by Mr. Lyman Wilder, of Hoosick
Falls, New York, illustrated by small models. The object of the
plan was to bring as many specimens as possible within a given
small space, by an ingenious and compact arrangement of sliding
compartments, having a perpendicular movement by means of a
revolving axis, each compartment coming successively into view.

A paper was read by Dr. Douglass Houghton, entitled “ Re-
marks on the importance and practicability of connecting Geolo-
gical Surveys with the Linear United States Surveys.”

He commenced this paper with a description of the plan upon which
the surveys of the public lands are at present made. It was considered
a plan which, for the obtaining of mere geographical information, and
for the purposes for which these surveys were more particularly de-
signed, viz. to subdivide the public lands to be offered for sale, is all that
could be required ; but in other respects these surveys are defective, for
the reason that the government does not appear to have in view the
attaining of much beyond that single object.

He regarded this as an anomaly ; a government carrying forward a
vast system of land surveys without obtaining through them that infor-
mation which would enable her citizens to understand their own country.
This mode is entirely different from that pursued by other governments.
He instanced the geological survey connected with the Ordnance survey
of Great Britain and Ireland, and spoke at some length upon the policy
pursued by other European governments.

He saw no good reason why geological and topographical informa-
tion might not be obtained during the progress of these United States
land surveys, sufficient to furnish us with minute geological maps, and
that without any material additional expense. He felt certain that this
could be done, for he had taken advantage of some of those surveys to
aid in perfecting his geological surveys of Michigan. He had, in fact,
drawn to his aid some of the deputy United States surveyors, and had
tested the connexion of these geological with the linear surveys, and he
could say that the plan had proved eminently successful.
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He thought it of exceeding importance that the government should
at once put in operation some plan for obtaining geological information
through the agency of these surveys, and considered the subject in a
practical point of view at some length. Its influence upon the cause of
science would be of great importance—would give us information at
home and character abroad.

He then referred to a report from the late Secretary of the Treasury,
Mr. Spencer, made to the House of Representatives in answer to a call
upon this subject. He felt much gratified with the character and spirit
of this report, expressing as it does in the most decided terms the con-
victions of the Secretary that a connexion of these surveys *is not only
practicable, but of easy accomplishment, and that it is highly desirable
in every point of view in which it can be regarded.”

He then stated that he had brought this subject before the Association
as one which interested every one of its members, and he hoped that
some means might be devised by which the object sought could be
obtained.

Prof. Hitchcock remarked that he was struck with the impor-
tance of the subject presented by Dr. Houghton. He alluded to
the action of the English government in connecting with the
ordnance survey of that kingdom a full and minute geological
survey, under the direction of Sir Henry De La Beche, and sug-
gested whether it was not within the scope of this Association
to recommend to the general government some attention to this
subject.

Prof. Rogers hoped that Prof. Hitchcock would make a mo-
tion for a committee of the Association to be appointed to me-
morialize government on a subject so important to the great in-
terests of the community as well as to science.

The following resolution was then adopted :

Resolved, That a committee be appointed on behalf of this Associa-
tion to memorialize the proper department of the government, on the

importance of connecting geological surveys with the surveys of the
public lands.

Dr. Douglass EHoughton, Prof. Edward Hitchcock, Dr. John
Locke, Prof. H. D. Rogers, Dr. Amos Binney, Prof. Walter
R. Johnson, Dr. Henry King, were appointed a committee in
conformity with the above resolution.

Dr. J. Lawrence Smith, of Charleston, S. C., made a com-
munication on some fossil bones from the vicinity of Charleston.
The bones noticed were fragments of a rib, resembling that of
the Manatus, and of a marine turtle and ray. The character of
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the formation in which they occur was described, it being that
extensive calcareous bed which underlies a large portion of South
Carolina and some of the neighboring states.

A discussion arose upon the geological age of the formation
furnishing the specimens exhibited by Dr. Smith.

Prof. Bailey remarked that the Polythalamia attached to Os-
trea sellieformis from South Carolina are not similar to those in
decided eocene marls from Virginia, but appear to belong to an
older period, and agree better with those of the numalite lime-
stone of Alabama.

Prof. H. D. Rogers thought it possible that while the forma-
tion is obviously of eocene date, as proved by its larger organic
remains, the Polythalamian forms may have been derived from
the waste of adjacent cretaceous strata.

Mr. Tuomey said he was glad that Dr. Smith had directed
attention to the tertiary strata of South Carolina. If Mr. Lyell’s
classification be adopted, which admits no fossil as common to
the secondary and tertiary, then must the formation in guestion
be referred to the tertiary, while the fossils enumerated by Dr.
Smith are those most characteristic of the eocene division of that
formation. The geologists who formerly held the opinion that
the formation was secondary, have all given up that opinion.
He thought, however, that the South Carolina formation will
prove to be much older than the eocene of Maryland and Virginia.

Prof. Bailey stated that he had examined microscopically
some specimens of marls put into his hands by Mr. Silliman,
from Columbus, Mississippi, obtained in boring an Artesian well,
and taken from various depths above two hundred and sixty feet
from the surface. He remarked, notwithstanding the little prom-
ise which their appearance gave of their containing fossils, that
they were nevertheless mostly made up of Polythalamia, some of
which were the more common forms of the English chalk.

Mr. Jas. Hall then read a paper on the geographical distribu-
tion of fossils, in continuation of views presented by him at the
Albany meeting last year.

The object of this paper was to present a few additional facts, upon
the geographical distribution of fossils in the paleozoic strata of the Uni-
ted States, being a continuation of the paper of last year. In that
paper the comparative conditions of the bed of the ocean on the east
and west, during the period of these depositions, had been pointed out,
and these were proved to have influenced the development of organic
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forms over the whole extent. During the earlier periods, a large pro-
portion of calcareous matter accumulated in the western waters, while
the purely mechanical deposits were largly developed at the east. As
a consequence of this condition certain forms were more perfectly de-
veloped at the west and southwest, while others were in greater abun-
dance and perfection in the eastern depositions.

Since the period of the meeting in 1843, Mr. H. had had no opportu-
nity of investigating extensive tracts, but having had an opportunity of
examining and comparing a large collection made by Mr. Logan, in
eastern Canada, he presented the inferences drawn from these. In this
collection certain forms were found, which though common in the Lud-
low rocks of England, had not yet been detected in New York, nor so
far as known to him, in the United States. These were at the same
time, associated with other fossils, which occur in the Hamilton group
in New York ; thus offering a fact in proof of the correctness of the in-
ference of the New York geologists, that the Hamilton group was an
equivalent of the Ludlow rocks of Mr. Murchison. Similar facts were
shown to be true of several forms in the Hudson River group, in Cana-
da, which though not yet known in New York, were given in Mr. Mur-
chison’s * Silurian System,” as occurring in the Caradoc sandstone of
England and Wales.

Another fact of interest was, that Capt. Portlock had figured many
organic remains, identical with those of the Hudson River group in
New York, but which Mr. Murchison had not given in his work.

Other facts in regard to carboniferous species seemed to point to the
same inference ; and there seemed sufficient evidence for the conclu-
sion that certain forms disappear in either direction—or in other words,
that some species appear to be almost exclusively American, while oth-
ers are exclusively European ; that as we approach the eastern margin
of our continent, the forms are more allied to those of England, while
those discovered in Ireland, present us for the first time, on that side
of the ocean, with forms before known only in the United States.

In connection with this paper, was presented a geological map of the
western and middle states. Upon this map were laid down all the prin-
cipal formations, showing their comparative development in the differ-
ent parts of the Union. This map was not presented as the result of
his own labors, but as the combined effort of others, who had very
willingly aided in the perfection of the map, by furnishing the materials
from their several regions. Among the gentlemen mentioned, were
Dr. Owen, Dr. Houghton, Dr. Locke, Messrs. Whittelsey, Briggs and
Foster of Ohio, Taylor and Ducatel, to whom and to others, full ac-
knowledgments are made in Mr. Hall’s report on the geology of west-
ern New York, in which this map is published.

4
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4
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Mr. Hall requested to be excused from reading his report on
Zoophytes at the present meeting, and to have liberty to con-
tinue his labors to another year ; which was granted.

After the recess, Dr. John Locke read a paper on the more im-
portant fossil remains of the country west of the Alleghanies.

The Secretary then presented a communication and letter from
Prof. J. H. Alexander of Baltimore, accompanied by a meteorolo-
gical register kept at that city from October, 1843, to May, 1844,
in which some points not usually observed were noted.

Prof. J. W. Bailey exhibited to the session, a drawing of a
perfect skull of Mastodon giganteum, found last year in Orange
county, N. Y. He also mentioned Ehrenberg’s recent discove-
ries as to the organic origin of various rocks which possess the
oolitic structure, and requested that attention might be paid to
any evidence of such structure in our American rocks.

Prof. W. B. Rogers stated that for many years he had been
inclined to regard the oolitic structure of some of the Lower Ap-
palachian limestone and chert, as well as the carbon of limestones
of this country, as due to organic forms. He had been led to
this inference by the remarkable uniformity of the spherules in
the rocks, and from traces of what seemed to be septa and other
indications of structure in them.

Adjourned to 4% o’clock, P. M.

Afternoon session.—Dr. H. King in the chair.

Mr. C. H. Olmsted read a paper communicated by Mr. W.
O. Ayres, of East Hartford, Connecticut, on the identity of the
species of Cottus described by Richardson as the C. cognatus,
by Haldeman as the C. viscosus, and by Dekay under the name
of Uranidea quiescens, with the Cottus gobio of Europe. Mr.
Ayres comes to the conclusion that they are all one species, and
the only fresh-water fish yet determined with certainty to be
common to the two continents.

The Chairman then announced for Tuesday morning the ex-
hibition of an anemometer invented in this city.

Dr. Douglass Houghton remarked on the publication of Dr.
D. D. Owen’s survey of Iowa, now lying in manuseript in the
State Department in this city. He suggested that the Associa-
tion should make some representation to Congress recommending
its publication.

Resolved, That the subject be referred to the committee appointed
this morning on geological surveys of the public lands.
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Dr. Amos Binney read a report “On the influence of physical
causes on the distribution of the terrestrial Mollusca of the Uni-
ted States and their actual distribution.”*

After Dr. B. had finished his paper on the distribution of the
species of Helices in the United States, Mr. Lea objected to the
theory of zoological centres to account for certain species being
widely distributed. He said that he had no doubt the small
species and the young of the larger were carried from one place
to another by birds, on whose toes or legs they may have rested
when the bird took its flight, and thus be transported by a single
effort twenty, fifty, or even one hundred miles. He could see
no difficulty in this. '

Mr. Haldeman also made some remarks on this subject, allud-
ing to the views advocated in his paper read on Thursday last.

The meeting adjourned to 8% o’clock.

Evening session.—Some of the members attended the meet-
ing of the National Institute; after which the Association came
to order at 8% o’clock, Prof. W. R. Johnson in the chair.

Dr. Locke favored the Association with an exhibition of his
striking transparent geological drawings of organic remains and
phenomena, following the order of the stratification.

Dr. Locke then resuming the chair, Mr. W. C. Redfield fol-
lowed by reading a paper, in which he noticed some of the phe-
nomena of the diluvial period, which had led him to infer that
the abrasion of the previously existing rocks, and the transfer
and distribution of their detritus, now constituting the great su-
perficial formation which is desighated as drift, took place during
a period of both submersion and subsidence of this portion of the
earth’s crust.

He then proceeded to a description of some remarkably abra-
ded rocks, having the form of isolated cliffs or island pinnacles,
which are found in Rootstown, Portage County, Ohio. These
pinnacles exhibit abundant memorials of having been long sub-
jected to the lashing of great waves, while partially submersed,
at a period which he conceives to have been coeval with, or sub-
sequent to, the final distribution and deposit of thedrift. These
surge-beaten rocks are supposed to be one hundred feet above

* As Dr. Binney’s views are soon to appear in his elaborate volume on the He-
lices, now being printed, no abstract is here given.
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the summit level of the Ohio canal, and about one thousand one
hundred feet above the sea. A water level, to correspond with
these abrasions, would now involve the submersion of the greater
portion both of the Atlantic and the western states.

The Association then adjourned to 8 o’clock, A. M. of Tuesday.

Tuesday morning, 8% o’clock.—Dr. Locke in the chair.

The standing committee nominated the following gentlemen
as members of the Association, who were unanimously elected ;

Pres. Bacon, of Columbia College ; Dr. S. Reid, of Richmond,
Mass. ; Rev. Mr. Peabody, of Springfield, Mass.

The Secretary read the minutes of Monday’s session.

Mr. Dana read a communication on the occurrence of magne-
sia and phosphoric acid in recent corals, as discovered by Mr. B.
Silliman, Jr. and its bearing on many important geological and
mineralogical questions. Mr. Silliman, Dr. Smith, Prof. Ro-
gers and others, made a few observations on the subject.

At the last meeting of this Association I alluded to the discovery of
magnesia in corals, by B. Silliman, Jr., who had been engaged in chem-
ical examinations of the corals of the Exploring Expedition. These in-
vestigations have been continued since, and lead to the conclusion that
this is beyond doubt, the source of the magnesia in magnesian limestone.
The analyses are not yet completed and I cannot therefore give defi-
nite results.

Besides finding magnesia, Mr. Silliman has made the more remarka-
able discovery of a large per centage of phosphoric acid. Analogy had
taught us that corals correspond in their nature and relations to the bones
of higher animals, and we have now farther evidence of this correspon-
dence in their composition. The phosphates constituted in some instan-
ces, 9 or 10 per cent. of the whole.

These facts seem to prove, what has long been suspected, that the
primary limestones and dolomites are altered sedimentary limestones,
and that these limestones may be in part, of coral origin. The so fre-
quent occurrence of phosphate of lime (apatite) in this rock, is explain-
ed by the same discoveries, and corroborates this view of its origin.
The little fluorine which apatite contains, (6 or 8 per cent.) adds addi-
tional probability to these conclusions ; for although fluorine has not yet
been detected in these polyp remains, by analysis, fluor spar is a com.
mon mincral in fossilifcrous limestones, and often occurs in the cavities
of shells and other fossils, as if proceeding from animal decomposition.

The same heat, then, that crystallized the limestone, crystallized also
the apatite, splendid localities of which occur in the limestone of north-
ern New York as well as in Orange County. It is universally admit-
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ted that this crystallization took place under the pressure of an ocean,
and we may believe that the heat was distributed by means of its waters,
both permeating and superincumbent.

These heated waters, like the hot waters of igneous regions gene-
rally—fine examples of which are seen in New Zealand, as well as
the Geysers of Iceland—contained silica in solution. Through the ac-
tion of this silica on the lime and magnesia, and on the oceanic salts
present, may have been formed the minerals serpentine, scapolite, py-
roxene, tremolite, &c. so common in granular limestone and dolomite.
Another source of silica is found in the clay which sedimentary lime-
stones often contain, hydraulic varieties of which sometimes include 40
per cent. A hydraulic limestone from the Helderberg, N. Y., analy-
zed by Prof. Beck, contained 36 per cent., 28 per cent. of which were
silica; and another from Rondout, Ulster County, N. Y., contained
24-50 per cent. of clay, 15-37 of which were silica, and 913 alumina.
This may account for the occurrence of the above minerals without
the infiltration of silica ; yet the large amount of silica or siliceous
minerals in some granular limestones, seems to require more than can
be reasonably supposed to be supplied from this source. Moreover,
the occurrence of silica in solution in regions of volcanic agency, is
known to be frequent, and cannot in all instances be excluded in ac-
counting for these metamorphic changes and crystallizations.

The alumina of the same clay in impure limestones uniting with the
magnesia and silica, may have given rise to the aluminous varieties of
hornblende, and the iron often present may have contributed towards
producing the dark ferruginous varieties. The formation of mica may
be explained on the same principles.

The presence of fluorine has already been alluded to ; and this, with
the silica and magnesia, appears to have produced the chondrodite, an-
other very abundant mineral in our dolomites.

The alumina and silica with potash or soda from heated volcanic wa-
ters might have originated crystals of feldspar, albite, &c.

Where spinels have been formed, the alumina of the altered magne-
sian limestone may have predominated over the silica and thus bhave
given rise to this mineral—an aluminate of magnesia. Spinel is usu-
ally associated in Orange County, N. Y., with ckondrodite. And it
seems probable that the little fluorine present at once took possession of
the silica, and formed fluosilicic acid,—for the attraction between fluo-
rine and silica is known to be one of the strongest in chemistry—and
thus combined, produced by uniting with magnesia the mineral chon-
drodite, which is a compound of silica, fluorine, and magnesia. Where
spinels are not found, as with rare exceptions is the case in St. Law-
rence County, N. Y., it may be owing to the large amount of silica
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present, or the absence of fluorine. Chondrodite is nearly as rare a
nineral in northern New York as spinel.

Prof. Hitchcock remarked on the abstract of -a paper by Dr.
Webber, of New Hampshire, read on Thursday morning, and
which he had seen in the National Intelligencer, on the formation
of the terraced banks of Connecticut river, which was identical
with the theory proposed by himself in his final reports of 1830
and 1841 on the geology of Massachusetts. He did not doubt
the originality of the view in question with Dr. W, but as no
notice had been taken by any writer he had seen of the views in
his final reports, he thought justice to himself required the men-
tion of the fact.

Resolved, That the next session of the Association be convened at
New Haven, on the last Wednesday of April, 1845.

Resolved, That Dr. Storer be requested to continue his investigations
on the subject referred to him at the last annual meeting, and to report
at a future meeting.

Resolved, further, that the same request be made of Dr. Gould, Dr.
Wyman, J. H. Redfield, Messrs. Booth and Boyé, Dr. Clapp, Mr. Dana,
Mr. Gebhard, Mr. Couthouy, and Prof. H. D. Rogers, in relation to the
subjects referred to each.

Oa motion of Mr. Haldeman, it was—

Resolved, That Dr. George Engelmann, of St. Louis, be requested to
prepare a catalogue of the recent plants common to both sides of the
North Atlantic ocean.

Resolved, That Prof. Silliman, Prof. Olmsted, Prof. C. U. Shepard,
B. Silliman, Jr., J. D. Dana, and Edward C. Herrick, be the local com-
mittee for the meeting at New Haven next year.

-The Secretary then read the acknowledgments of J. D. Dana
and J. P. Couthouy, relative to a charge of plagiarism.

The members of the Association are aware of the charge of plagia-
rism, made by me against Mr. Couthouy, at the last meeting of the As-
sociation. Having seen his private manuscripts within a few days, I
feel impelled in justice to Mr. Couthouy, to exonerate him fully from
the charge. It affords me the most sincere gratification to find that my
suspicions were unfounded ; and a deep regret that the wrong should
have been committed. As has been stated, I was actuated by no unkind
feelings in making the charge, and I now take the earliest opportunity
after the evidence is brought forward, to preseat my full acknowledg-
ments. ‘ James D. Dana.

The frank and perfectly satisfactory withdrawal by Mr. Dana, of his
charge of plagiarism brought against me at the last meeting of this As-
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sociation, renders it incumbent on me to state with equal frankness, that
I do upon calm reflection, most fully acquit Mr. Dana of having at any
period misused the confidence I had placed in him, and that I sincerely
regret having, under a hasty impulse, expressed myself to the contrary
in my vindication published in the American Journal of Science.* It
is moreover due to both of us, to state that the implied charge of his
having done so, was based upon nothing which occurred until after Mr.
Dana’s return to the United States.

In the appendix to the last number of the American Journal, p. 8, I
remark in allusion to my public journals—** that they contain no theories
or inferences from the facts recorded in their pages, subsequent to our
departure from Callao, I am very certain, inasmuch as after having had
my own views therein contained, gravely quoted to me by another, as
the result of his reflections; I determined thenceforth, while recording
facts, to keep my deductions to myself till the time arrived for me to
publish them.”  Although I have the happiness to believe that Mr. Dana
himself is now satisfied that he was not the person to whom I referred,
still, as my language has been so construed, I feel bound expressly to
declare that I never for an instant entertained a suspicion that Mr. Dana
could be capable of such a course. On the contrary our intercourse
up to the hour of parting at Oahu, was one of unbroken friendship and
confidence on both sides, and while I must ever regret that aught should
have since occurred to interrupt it, I gladly embrace this occasion to
declare that every unkind feeling which the unfortunate controversy be-
tween us may have engendered, has passed away, and that to me, by
far the most gratifying consideration connected with the manly acknowl-
edgment of Mr. Dana is, that it opens the way for a renewal of that
fricndship with which it was so long both my pride and happiness to be

honored. J. P. CoutnoUY.
Washington, May 14, 1844.

Mr. Couthouy made some remarks explanatory of the extent
of his views relating to the influence of temperature on the de-
velopment of corals, as compared with those entertained by Jas.
D. Dana, Esq.

The satisfactory withdrawal by Mr. Dana of his charge of plagia-
rism, made against me at the last meeting of this Association, leaves me
at liberty to do what was out of my power while that was impending
over me.

As I have ascertained that there exists considerable difference of opin-
ion as to the precise nature of my views on the influence of tempera-

7Y

* Vol. xrv, p. 387.
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ture upon the distribution of corals, owing evidently to my not having
expressed them with sufficient clearness, I am desirous of embracing
this opportunity of defining with precision the extent of those views
which were original with me. This is due no less to Mr. Dana than to
myself, inasmuch as he not only arrived at similar conclusions, although
at a considerably later period, but in consequence of longer continued
opportunities and a series of more minute observations than it was ever
in my power to institute, has been enabled to extend these conclusions
far beyond any to which I attained.

I will therefore briefly remark, that the general conclusions which I
published in my article on coral formations three years ago, were the
natural result of a very considerable series of observations, conducted
with special reference to this question of temperature as influencing the
distribution of corals. Within two months after our arrival in the coral
archipelago, I had from the evidence collected, assigned an approximate
provisional range of temperature as that most favorable to the develop-
ment of corals. At Vincennes Island, September 2d, 1839, this was
assumed to be * from 77° or thereabouts to 82° or 83° ;" but at Onua,
October 11th, it was estimated as between 76° or 77° and 80°, as is
shown in the following extract from my private MSS. containing the en-
try made on the spot.

¢ This shelf has satisfied me that the suspicion entertained on our
first entering upon the Paumotus is correct, and that the growth of cor-
als (to a certain extent) depends on temperature as much as depth. It
also shows conclusively that they flourish to a depth at least three times
as great as that given by Quoy and Gaimard as the result of their in-
vestigations, which is twenty-five to thirty feet for the Astrwas, the on-
ly genus forming a solid surface of any considerable extent. More-
over, since our arrival in these seas, I have repeatedly observed this class
of corals in the greatest abundance on the outer plateaux, at a depth of
from seven to ten fathoms. How far below the estimated temperature
here obtained, the Polypes continue to build, can only be determined
by many experiments of a more accurate nature than any I have been
able to make. Probably (judging from the temperature at the islands
already visited) they thrive best between 80° and 76° or 77°, and grad-
ually decrease as the water falls below this last. On some of the Pau-
motus, I saw branching corals growing on the surface reef where the
waler was as hot as 85° or 86°, and not more than eighteen inches deep,
with here and there among them a few thin encrusting ones ; but they
had not the vigorous healthy look of those on the margin within wash
of the surf, where the temperature was not over 78°. The Astrzas
especially, seem in such exposed places, washed by the cool breakers,
to find their most congenial climate.”
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By these extracts it will be seen that while I had nearly fixed in my
own mind upon an upward limiting temperature, and suspected that we
should find the corals gradually decreasing below the temperatures of
76° or 77°, I made no pretense of determining their downward limit.
I think I may venture to affirm that had there been opportunity, I should
have established this point, but such it was not my good fortune to enjoy.

The two theories or principles therefore which I claim as originating
from my own observation and reflection, entirely independent of any
communications or suggestions from other sources, are these, expressed
in my article in the Boston Journal of Natural History :*—*1It is my
belief, that (to a certain extent) the corals are limited in their range of
growth by temperature, rather than depth, and that wherever this is not
below 76° Fahr., there, cateris paribus, they will be found to flourish
as in the Polynesian seas”—or, as the idea is perhaps more clearly ex-
pressed in my remarks on Vincennes Island, “I am convinced of one
thing, that this matter of temperature has (to a certain extent) quite as
much eflect on the growth of corals as depth—that is, they will grom
abundantly in ten or twelve fathoms as here, if the lemperature is the
same, say 17° or thereabouts to 82° or 83° Fahr., when if it was below
that, even at only half the depth, they would not flourish so well.”
The second principle which I claim as original with myself, is a natural
deduction from the first. “I am persuaded after a careful examination
of the facts, that the absence of coral on the other side of the continent,
and in the wide space between it and the low islands of Polynesia, is
to be attributed to the prevalence of cold currents, which proceeding
northward from the polar regions are perceptible the whole distance
from Cape Horn to Callao, and I presume much further to the north, in
a temperature of the ocean too low for the existence of the coral ani-
mals, and that in a similar low temperature we are to seek for the cause
of their absence at the Cape Verd Islands”t and the other islands de-
signated in my article as destitute of coral formations.

That 1 have never intended to claim more than is here set forth, is I
think manifest in the following extracts; and if I have been otherwise
understood, the error is wholly attributable to my having defectively ex-
pressed ideas perfectly clear to nmry own mind, and thereby misled my
readers.

It appears to me, that such coincidences as the facts here submitted
prove to exist, between certain temperatures of the ocean and the ab-
sence or presence of coral reefs, can scarcely be considered by any
reflecting mind as merely casual ; and that there are strong grounds for
believing that we have here a clue to the real cause of the singular ab-

*Vol. 1V, p 76. 1 Bost. Jour. Nat. Hist., Vol. IV, pp. 159, 160.
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sence of recent coral formations in certain regions corresponding in
every thing save temperature to those where they are most profusely
scattered. In order to enable us, however, satisfactorily to determine
how far their geographical distribution is affected by such causes, it is
essential that we should be furnished with a connected series of obser-
vations on the oceanic temperatures at the surface and to certain depths,
along both sides of the African continent, the coasts of Australia, and
and among the coral archipelagos of the Indian seas, together with
that of the seas beyond the limits of such formations, in both hemi-
spheres.”*

« While convinced in my own mind of the truth of the suggestions
here offered in regard to the absence of coral formations in certain re-
gions, I feel conscious also that the data upon which they rest, though
certainly presenting a strong case as far as they extend, are after all
but limited in comparison with those still deficient. I submit them for
what they are worth. What this may be, time and more extensive ob-
servation must determine. Claiming only to have at least sought a more
rational mode of accounting for the peculiarities here pointed out, than
that of supposing them altogether fortuitous, I shall rejoice if the end
show that I have contributed in the slightest degree or in a single point
of view to the advancement of the great object to which we are all, ac-
cording to our opportunities, devoted.”t

The time and opportunity for more extensive observation which were
denied to me, it was the peculiar good fortune of Mr. Dana to enjoy.
That they were improved to the utmost, no one acquainted with that
gentleman, much less I, whose happiness it was for so long a period to
be his friend and companion in many a toilsome excursion, can for a
moment doubt. The data to which I allude above as deficient, at least
a very large part of them, have been collected by his zealous research-
es, and practically applied to the determination of problems which I had
no means of solving. Itis for him to decide then, upon the value of
the few suggestions thrown out by me as the result of my more limited
examinations ; and I doubt not that with a knowledge of the facts now
before him, I shall receive at his hands all which is justly due them.

Entitled equally with myself to whatever credit may attach to an ori-
ginal discovery of the great influence of temperature or oceanic climate
on the distribution of corals, Mr. Dana has been enabled by a long con-
tinued and careful series of observations, to achieve the grand object of
ascertaining the entire range of temperature limiting their growth.
Thisis a discovery solely and exclusively his own, so far at least as I
am concerned, since all that I ever flattered myself with having deter-

* Bost. Jour. Nat. Hist. Vol. IV, p. 162. t Ib. p. 162.
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mined on this point was the approximate range of their greatest devel-
opment. His is the rich harvest of facts, and their application in a
wide field of observation,—mine but the scanty and hurried gleanings
of a limited one, a feeble and comparatively trifling contribution to the
general stock of knowledge ; but in casting it in, I feel proudly con-
scious that it was honorably acquired, and that had my opportunities
continued, the results might not have been far inferior to those present-
ed by my more fortunate fellow laborer.

Prof. W. R. Johnson presented a statement of experiments to
determine the evaporative power and other properties of coal from
different coal formations of the United States, and other countries.

He exhibited drawings and sections of the apparatus with which his
researches had been conducted, gave a tabular list of the coals assayed,
mentioned the nature of the questions sought to be determined, the
classes of observations necessary to solve the several problems present-
ed for solution, and the results of many of the experiments in regard
both to the practical efficiency and the actual constitution of various
coals. In analyzing the gaseous products of combustion, the actual
eomposition of those materials gave an opportunity of determining the
amount of heat expended on the air used for combustion, the moisture
it contained, and the water eliminated from the coal itself, as well as
that employed to evaporate water from the steam boiler. By means of
the calculated results thus practically obtained, compared with the ulti-
mate analysis of the several coals, he was enabled to bring to a test the
theoretical heating power assumed by Euvropean chemists. One interest-
ing result which these researches tended to establish’ was, that the evap-
orative power is dependent on the carbon constituent of coal. Six dif-
ferent coals, of very different constitution, were cited as affording proofs
of this law of heating power. )

He stated that those who have sought to determine the heating power
of fuel for practical purposes, by computing separately the heating pow-
ers of pure solid carbon and that of hydrogen gas, seemed not to have
taken into account the amount of heat already in a latent state in the
latter material, as used by chemists to determine its heating power, while
in fuel the material itself is in either a solid or liquid state. In illumi-
nating gas, (which may be used for heating purposes,) the hydrogen has
been rendered gaseous by the agency of a large amount of fuel, burned
under the retort. It was stated that the practical bearing of this differ-
ence becomes the more important in cases where the products of com-
bustion necessarily pass away from the surfaces to be heated at a tem-
perature above boiling point. The vapor of water thus escaping has
the same bulk as the hydrogen from which it has been generated, while

.
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the oxygen which had been condensed in forming it possessed only one
half that bulk. On the other hand, the oxygen, which, with the carbon
of fuel, forms carbonic acid, is unchanged in volume. The carbon may
consequently be considered as undergoing no effective enlargement.
when burned into that acid. ln the calorimeters of Lavoisier and Rum-
ford, moreover, the watery vapor generated from hydrogen was conden-
sed by employing cold surfaces, capable of absorbing the latent heat of
the vapor generated in combustion, as well as the sensible heat of
the gases. -

On motion of Dr. Binney, it was resolved to rescind the reso-
lution passed last year relative to the election of officers, and to
proceed at once to the discharge of that function.

The officers for 1845 were then chosen by ballot.

Prof. William B. Rogers was chosen Chairman.

Mr. B. Silliman, Jr. and Dr. J. Lawrence Smith, Secretaries.

Dr. D. Houghton, Treasurer.

Mr. John L. Hayes read a “ Report on the Geographical Dis-
tribution and Phenomena of Volcanoes,” prepared in pursuance of
a resolution of the Association of last year.

He examined minutely the geographical distribution of volcances

with reference to determining the great lines of their geognostic posi-
tion, and demonstrated that their position was determined by the con-
figuration of the crust of the earth, and the outlines, extent and conti-
nuity of the great continental masses.

The most important phenomena of volcanoes were discussed with a
view to determine the mode of formation of volcanic mountains. Sev-
eral illustrations and models were presented to exhibit these phenomena.
Volcanoes were shown to have that regular dome-like form which would
seem to belong only to masses uplifted and formed by a single effort.
It was shown that their internal structure is wholly unlike that of the
superficial beds which form their lower slopes, and is that of masses
originally formed in a horizontal position.. Repeated instances were
cited of the formation of mountain masses by elevation at the first out-
break of the volcanic power, and it was inferred that all recent erup-
tions sensibly uplift the mountain pile. '

The mode of formation and the distribution of lava streams, and the
eruption and mode of distributing the ejected incoherent matcrials, were
described. It was shown that lava streams of recent eruptions are ncv-
er arrested in large beds on the higher parts of the volcanoes, and con-
sequently do little to increase the mountain in height. The incoherent
materials do little more, but are carried by torrents and inundations to
the lower slopes of the volcano.
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From the consideration of all these facts, the conclusion was drawn,
that all volcanic mountains are formed by the paroxysmal elevation of
their rocky strata from below, and that modern ejections act only to in-
crease their extent and to level their bases with the surrounding plains.

Dr. Henry King proposed to give a sketch of the geology of
the Valley of the Mississippi, from the southern part of the State
of Missouri to Wisconsin River, in the Territory of Iowa.

The limited time he had allowed himself, from a knowledge he had
of other business which must come before the Association, would neces-
sarily oblige him to do great injustice to the subject, by causing him to
leave out a great many important and even necessary details.

He called the attention of the Association to the primary formation
in the southern part of the state of Missouri, consisting of syenite, por-
phyry, and other igneous rocks, rising into low ridges, with a direction
nearly north and south. A few miles south of this part of the state
was the earthquake region, rendered memorable by the earthquakes of
1811-12, that nearly destroyed the town of New Madrid, on the Mis-
sissippi river, and where ever since shocks of earthquakes have been
felt at very limited intervals. On these igneous rocks an upheaved stra-
tified deposit of a very ancient character, probably gneissoid, appeared
to rest. But Dr. King had not an opportunity of examining them suffi-
ciently in detail to arrive at any very satisfactory conclusion in relation
to their character.

From this point in Missouri to Wisconsin River, a section presents the
evidences of- one undisturbed, continuous, regular basin, with all the
formations above the disturbed strata just referred to, in conformity to
each other. The distance between these two points is three hundred
and fifty or four hundred miles. The thickness of the formations here
is very small when compared with those of the Alleghany region.
Hence the basin-like curve between these points is not great, giving the
appearance of almost horizontality within moderate limits.

The lower portion of this basin consists of an immense deposite of
magnesian limestone ; the upper, of the limestones, sandstones, shales,
and coal of the great western coal basin. The magnesian limestone
deposite is subdivided by a well marked deposite of siliccous sandstone,
generally light-colored, often perfectly white and friable. The lower
division of the magnesian limestone is light brown, or ashy in color,
very compact or hard, but decomposing with considerable rapidity when
exposed to atmospheric or aqueous influences. In Missouri it presents
many. interesting views of precipices, caves, natural bridges, &c. At
Prairie du Chien it rises about one hundred feet above the level of the
river, but in Missouri, in the vicinity of Eangua River, it rises much
higher. Although it resembles the upper division very much in litho-
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logical character, it differs entirely, so far as it has yet been explored,
it being totally deficient of fossils and nearly or quite so of valuable
minerals. Its entire thickness has never been determined. As there
are reasons to believe that it belongs to a distinct geological epoch, and
as an important economical purpose will be served in discriminating
between it and the upper division, Dr. King proposed to call this the
Eangua limestone ; this name being of course ounly provisional, and
expected to yield, if on further investigation of the connexion between
this and the Appalachian region it shall be found to be only a continu-
ation of one of the latter series, or when a satisfactory systematic no-
menclature shall have been adopted by American geologists generally.

Above this division of the magnesian limestone deposite, lies the sand-
stone already referred to, and which appears rarely to exceed fifty feet
in thickness. It is remarkably uniform, being almost identically the
same in thickness and lithological character at Prairie du Chien that it
is in the southern part of Missouri. Above this, in Wisconsin, is a de-
posite of limestone, in strata of various thickness, making in all about
twenty or thirty feet, remarkable for the abundance of the fossils, for its
containing the seams of a brown coal-like matter, and for its marked
difference in lithological character from the magnesian deposits above
or below. Dr. King did not find this fossiliferous limestone in Missouri,
though he was not prepared to deny its existence there. Judging from
the ingenious tracings of the New York formations westward by Mr.
James Hall, Dr. K. was willing to admit the high degree of probability
that this limestone was the attenuated extremity of some one or more of
those of that state near the Trenton limestone.

Above this fossiliferous limestone, comes the upper division of the
great magnesian limestone deposite, to which the name of cliff lime-
stone has been given by Dr. Locke. It is well supplied with fossils in
Wisconsin, but less so in Missouri. Its most important character results
from the valuable minerals it contains. It is the formation that furnishes
the immense amount of lead produced by the mines of Missouri, Wis-
consin, [llinois and Iowa. It abounds in zinc, copper, lead and other
metals, and recently cobalt ore to a great extent has been found in it in
Missouri. Dr. King presented a number of facts that appeared to him
perfectly conclusive that the ores of these metals were deposited con-
temporaneously with the containing rock. The thickness of this forma-
tion in the mining regions was about five hundred feet. He showed,
however, that the comparative thinness in this direction was amply
made up in the horizontal extension of the formation. He found high-
ly flattering indications of mineral deposits far west of the region to
which mining has yet extended.
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Above this—the upper division of the magnesian, or cliff limestone—
appears a deposite of pure limestone, from thirty to sixty feet thick,
which seems to be the lowest deposite of the proper carboniferous for-
mation. Above this the first coal deposits present themselves, which
in the western part of the state of Missouri exhibit at least two workable
beds. These beds of coal have the usual accompaniments of shale or
clay, a few feet in thickness, above and below. Next in the ascending
order comes a deposite of brown or reddish sandstone, containing in
many places extensive deposits of iron ore. This sandstone may be
from sixty to one hundred feet in thickness.

Somewhere between the cliff limestone and this sandstone, there ex-
ist extensive sources of salt water. There is scarce a doubt that this
salt water could be obtained by means of Artesian wells any where on
the southern side of the coal basin, in Missouri or Illinois, within the
linc formed by this sandstone. This Dr. King stated was an important
fact to the farming and grazing interests of these states. Above this
sandstone comes a deposite of limestone, whose thickness has not yet
been determined, containing at least one and perhaps several workable
beds of coal. The area of this coal basin within the limits of the States
and territory of Iowa, Dr. King showed to exceed that of the whole of
the island of Great Britain.

Dr. King concluded with a rapid description of the character of the
country whose geology he had sketched, and a few remarks on the origin
of prairies, showing how the noblest forests fall before the puny power
of a spear of grass.

Adjourned to 4% o’clock, P. M.

Afternoon, 4% o'clock, P. M.—Dr. Charles G. Page exhibit-
ed two new electro-magnetic instruments, of his invention, to pro-
duce a reciprocal motion. He calls it the axial reciprocating en-
gine.

Dr. P. also made an oral communication on injecting the Lepi-
doptera with oxalic acid, to produce instant death without injury
to the plumage, by using a small glass tube drawn to a fine point,
piercing them under the thorax. He also recommended to de-
stroy the grease of the insect by the use of bibulous paper, touch-
ing the insect underneath, and in contact with the lining of the
cabinet case.

Mr. James Hall remarked on a supposed incorrectness of Dr.
King’s outline of the coal field in Missouri.

* Read beforc the Association of Amcrican Geologists and Naturalists at Wash-
ington, May, 1844.
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Prof. H. D. Rogers thought that the sandstone called by Dr.
King carboniferous, is the Waverley sandstone of Ohio ; and Dr.
Troost, in his last (seventh) annual report, corrects the statement
in his fifth report that it was the carboniferous.

Dr.J. L. Smith made a communication on the existence of the
oxide of cobalt near Silver Bluff, South Carolina. 'The manner in
which the oxide occurs is on the surface of a coarse gravel, and
was first made known to Dr. Smith by Prof. Ellet. The oxide is
associated with the oxide of manganese, and is free from arsenic.
The analysis of the mixture of the oxides does not give constant
results. The result of one analysis was 35 per cent. of oxide of
cobalt, and 65 per cent. of oxide of manganese.

He also made a communication on the composition of fossil
bones. Some remarks on the recent analyses of MM. Girardin
and Preisser were made. The cause of the presence of fluorine in
these bones was particularly discussed, with a view to show that
the above mentioned gentlemen were mistaken in their idea that
fluorine was infiltrated in the bones after the death of the animal.
The principal argument was, that an analysis of two bones taken
from the same locality, gave less fluorine in those bones where it
was evident that most foreign matter had been infiltrated.

Lieut. Maury, U. S. Navy, read a paper on “the Currents of
the Sea as connected with Geology,” with a chart of the north
Atlantic Ocean. Many of Lieut. M.’s remarks will be found in
his interesting paper on the Gulf Stream at p. 161 of this No.

Prof. H. D. Rogers remarked on the importance of the sub-
ject presented by Lieut. Maury, and suggested the appointment
of a committee who should draw up a series of points of obser-
vation, to be presented to the Secretary of the Navy, with the
request that they may form a part of the instructions to our naval
commanders.

The committee consists of Lieut. Maury, Mr. W. C. Red-
field, Prof. H. D. Rogers, Prof. Hitchcock, Mr.J. P. Couthouy,
Mr. J. D. Dana, and Mr. Espy.

The Rev. T%itus Coan, of Hilo, Hawaii, Sandwich Islands,
Rev. J. H. Van Lennep, of Smyrna, Lieut. Johnston, U. S.
Army, Fort Washita, frontier of Texas, were elected members.

Mr. Silliman and Dr. Houghton made an oral communica-
tion on the connection of metallic copper with the trap of Con-
necticut and Michigan, being the subject of reports of those gen-
tlemen, according to a resolution of last year.
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Both gentlemen were agreed in the similarity of the phenoms
ena in the two cases, they being much more largely developed
in Michigan than in Connecticut. Mr. S. was of opinion that
all the copper in the red sandstone of Connecticut had been de-
rived from the adjacent primary. 'The most valuable deposite of
copper in the secondary of Connecticut is found at Simsbury or
Granby, on the western border of the secondary, and is imme-
diately contiguous to the granitic basin of Bristol, (in the primary
formation G. W. of Dr. Percival,) in which a great amount of
variegated sulphuret of copper is found. He called attention to
several large veins of barytes in the town of Cheshire, Ct., cut-
ting across the red sandstone parallel to a trap dyke at a little dis-
tance, one of which had given abundant indications of copper,
(green malachite and variegated sulphuret of copper beautifully
crystallized. ) .

Evening session.—Mr. Hall read a “Report by Prof. Em-
mons on Drift.” An interesting discussion then arose between
Mr. Hall and Prof. H. D. Rogers on this subject.

Prof. Hitchcock then read a paper on a singular case of the
dispersion of blocks of stone at the drift period, in Berkshire
County, Massachusetts.

Berkshire County 3 traversed by several high ridges of mountains,
branches of the Taconic and Hoosack ranges, running northeasterly
and southwesterly. Across these ridges, and over the intervening val-
leys, and passing through the town of Richmond, there are two trains
of angular blocks of stone, not more than thirty or forty rods wide, ex-
tending in a southeasterly direction, not less than fifteen miles, over the
Taconic ranges and Lenox mountain to Beaptown mountain. They
are a varieiy of talcose slate, which can be traced directly to a moun-
tain in Cauvann, New York, beyond which they are not to be found.
Their number is very great, and they vary in size from that of two or
threc feet to blocks which weigh more than thirteen hundred tons.
They are not at all rounded on their edges, and therefore must have
been carried, not driven, pellmell along the uneven suface. These
trains, especially one of them, are remarkably straight and well defined,
looking as if artificially strewed over the surface ; for they are confined
to the surface, and do not mix with the rounded drift beneath. At one
point the general course of the train is changed from east 34° south to
east 56° south. They were first pointed out to Prof. H. by Dr. S. Reid,
of Richmond.

6
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Only one case at all analogous has fallen under the Professor’s notice,
and that is described by Mr. Darwin, in the Falkland Islands. Vast
quantities of blocks are there strewed along the valleys, so as to form
‘““streams of stones.” But they lie in the bottom of the valleys, or in
the lowest places along their track, and therefore seem to have been
produced in a different manner from those in Berkshire, which pass ob-
liquely across ridges from four hundred to seven hundred feet high.

The Professor thought that this case could not be explained by any of
the prevailing theories of drift. It seemed to him absurd to imagine
that currents of water, however violent, could have thus strewed in a
right line so various a train of blocks not at all rounded. Icebergs
could not have done the work much better: since a multitude of suc-
cessive ones must pass over the same spot and along the same line.
The trains do indeed resemble the medial moraines of glaciers, and
the trains transported by packed ice on large rivers. But it seemed

-hardly possible to conceive how either a glacier or a river could ever
have existed in this region. The case, however, is an instructive one,
and forms one of the phenomena of drift, which the theorist must ex-
plain, or his theory will not stand.

A very interesting aud extended discussion followed on the sub-
Jject of “ Drift,” (which occupied the remainder of the evening,)
between Prof. Johnson, Profs. H. D.and W. B. Rogers, Lieut.
Maury, Mr. Redfield, Mr. Tuomey, Mr. Hall, Dr. King and
Mr. Hayes. On motion, it was—

Resolved, That the members of the Association tender to Dr. Locke,
their chairman, their sincere thanks for the zealous manner in which he
has presided at their deliberations during this session.

Resolved, That the members of this Association deeply lament the
loss by death during the past year of their estecmed associates, Mr.
Nicollet and Prof. Hall.

‘Resolved, That the thanks of the Association be presented to the pro-
prietors of the Unitarian Church and of the Medical College for the use
of their buildings.

The Treasurer’s Report was then read.

Resolved, That all persons who wish may resume their papers, and
publish them where they please.

Resolved, That the local committee have power to invite persons to
our next meeting at their discretion.

The Association then adjourned to meet next year at New
Haven.

The present session of the Association was rendered peculiarly
interesting from the opportunity presented them of viewing in
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detail the collections of the recent Exploring Expedition under
Capt. Charles Wilkes, now exposed, and in good measure ar-
ranged, in the extensive and magnificent hall in the new Patent
Office. More particularly were the members gratified by the
courtesy extended to them by the distinguished commander in
exhibiting to them at his house the drawings of the artists and
naturalists in the various departments of science, as well as of
national costume and scenery. A general expression of surprise
was heard at the vast amount of valuable labor performed by the
Expedition in all its departments; and in no field will the value
of these labors be more generally felt than in the minute and
accurate surveys of the groups of Pacific islands visited by the
squadron, mostly regions heretofore known to mariners only con-
Jecturally. A beautiful specimen of this sort of work was shown
on the large chart of the Feejee group.

A good account of the labors of this Expedition has already
been laid before the public in the pages of this Journal by one of
the gentlemen of the scientific corps. The geological collections
are particnlarly interesting as being many of them derived from
regions where present causes are in the most active operation in
producing geological change. Of this nature are the corals, coral
chalk, and indurated limestone, as well as the extensive suits of
modern volcanic rocks. The fauna and flora of New South Wales
and Oregon present many new forms to the eye of the naturalist,
and give new importance to several departments of palaontology.

Joun Locke, Chairman.
B. SiLuiman, Jr.

O. P. HusBarp, } Secretartes.
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