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THE CORRELATION OF GEOLOGICAL FAUNAS.

By HENRY SHALER WILLIAME.

INTRODUCTION.

Im the year 1881 T began a seriea of investigations for the purpose
of diseovering the laws which determine the assoeiation of fossila in
fannal aggregates and their modifications in relation to geographical
distribution and to vertical succession, in order to apply those laws
as guides to the carrelation and classifieation of geological formations.
While these investigationa have been in progress many other workers
have joined in the search. Many statiatica have been gathered, and
observations have been extended over a wide field. A few important
results have heen attained, and the nature of the problem is now more
clearly understood than at the outset. It seems, therefore, that this
is a fitting time to review the progress already made, and to point out
the more prominent results achieved and the paths along whieh futore
investigations may be gnided with most promise of success,

When the investigations were begun it was already known that
geological formations' were marked by species of fossils differing
greatly for each sueceeding formation. In the early days of geology
this difference was supposed to be due to extinction of old and the
appearance of new forms for the first time with the income of each
new formation. With this conception was associated the idea of
sharp distinetion between formations, each of which had a character-
istie set of ** Leitfossilien.” The prevalence of this latter view domi-
nated all the literature; and the presence, in a newly exploited
saction of rocks, of a species supposed to be characteristic of a given
formation was assumed to be sufficient evidence of the presence of
the formation in the new section. On this basis of determination it
had become a fact that under the name of each formation there was
catalogued a group of species collected from widely separated regions
and found in different kinds of rocks, all of them being thus lumped
together as the characteristic apecies of the formation considered.

At the outset of the present inguiry it was evident that, in order to
learn how the modification of speeies has actually taken place, the

1]




6 OQORERELATION OF GEOLOGICAL FAUNAS. [ULL. 210

compoaition of the fauna of a formation must be critieally examined,
the actual association of species in esch bed of rock must be analyzed,
and the succession of species traced step by step through continuoua
sections.

My first experimenta in this field of investigation were with the
faunas exhibited in the rocks in the neighborhood of Ithaca, N. Y.
In these rocks, which were classified as Portage and Chemung, a
number of zones filled with separate faunules * were discovered, some
of which were entirely different from others in the series, but the
order of their suceession was readily distingunished in each of the
rock sections for miles about. This integrity of the faunules in geo-
graphieal distribution, over at least the few miles of area ac first
explored, together with the sharp differences in the eomposition of
succesaive faunules, suggested a clue to the solution of the larger
problems involved, :

When, again, on comparizon of two gections running through the
same portion of the geological colnmn it was found that a forma-
tion which was clearly defined in one section was missing in the other,
it was customary (in the absence of evidence of unconformity) to
explain the absence of the missing member in the second section by
the supposition that it had gradully thinned out until it disappeared.
Ita place in the second eolumn was recognized, but the thickness of
.ita sediments was reduced to nothing or to an inappreciable amount.
Correlation of diverse formations being made on this basis, the gen-
eral geological column waa constructed of a single series of smperim-
posed formations, diversity of fossil eontents standing for difference
of formations. Haech formation was thus forced to take some par-
ticnlar place in a single geological column,

Ar knowledge of the faunas increased, the failure to establish the
exact identity of a newly discovered fauna with any of the faunas
of the standard column already described led to the intercalation of |
the formation containing it between the standard formations whose
faunas most closely resembled it. That there might be living at
the same time two entirely distinet faunas whose records were buried
and preserved within a few miles of each other was a possibility that
was not then seriously contemplated. I refer to marine faunas, for
the distinetion between marine, fresh-water, and land conditiona was
clearly recognized; but almost never were faunas from diverse envi-

aTheterm * fannnle’ @ here aml lo the following pages used to distingnish an nggregate of fos-
alls ssociated In & aingls stratum or sone from the total nggregate of speciea (the fauna) dis-
trivuted through a groater or less thickness of strate, esch faunule containing » considerabbe
proportion of the sema species, but not always In the same combination or proportionsts abun-
dsnes.  ‘The associntion in the faununle is suppossd to be an expreasion of the temporsry sdjust-
ment to environment and toeach other of the living species—an adjustment determined by the
relative wigor of each species; whereas the fauns is an aggregate of apecies determined by sev-
eral guite divergent conditions and festors, the faups living on so long as these conditions and
faotors remained sufflclently Intact to permit it to preserve ita general characteristics and the
dominsnt species o meintain their relative place in the fanna, though for s time sufferiog more
or leas veristion of composition, due to local and temporary conditions. (Bos page Ll )
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ronments present, in sections so nearly contiguous to one another as
to oceasion eonfusion in correlation.

The cass of the Old Red sandstone pnd the marine Devonian wasa
conspleuous exception to the practies indieated. In this case the
marine faunas of the Devonian limestone were recognized by Lonsdale
aa holding an intermediate place between the Silurian and Carbonif-
erous marine faunas; and the Old Red sandstones wers known to
oecupy the interval between these two systems; hence the equivalency
of a series of marine heds with a series of estuary or fresh-water beds
containing an entirely different fauna was established. But, in gen-
eral, in the lesser cases, where faunas of the same kind of organisms
are concerned, it has been the prevailing praetiee of geologists every-
where Lo agsume that formations must be elassified in a single eolnmn.
Since the correlation and identification of formations has depended
on their fossil contents, this practice has resulted virtually in the
assumption that fossil faunas whose identity can not be established
musi be either older or younger than the standard faonas to which
they are most closely related.

It was in the belief that this practice was erroneous and was lead-
ing to false conceptions of geological history that the investigations
here described were begun. But the difficulties in the way of demon-
strating the fallacy of the practice were great. Since the fossils are
the only means by which the identily of two formations found at a
distance from each other can be established, it seemed like a contra-
dietion to say that two formations with nnlike faunas may be identi-
eal in age. In order to test the guestion, it was necessary to take n
region in which, for considerable distance, the structure of the rocks
was 80 simple and so little disturbed that the stratigraphical equiva-
leney of the beds could be traced with a high degree of eertainty from
one énd to the other, independently of the fossil contents. Such a
set of conditions appeared in the Devonian rocks of New York, Penn-
aylvania, and eastern Ohio, It was proposed to make & series of sec-
tions cutting through the same general part of the geological column,
at intervals of about 50 miles, extending eastward as far as the Hud-
son River Valley and westward as far as the Cuyahoga Valley at
Cleveland, the first trial section having been made along the meridian
running through Ithaca, N. Y., in 1881-82, Minute study of each see-
tion was to be made; the fossils were to be eollected from each fos-
giliferous zone, the position of which was to be carefully noted, and
the faunules so collected were to be separately analyzed and listed.
Intermediate traverses were to be made to tie together the seelions
by clearly recognized continunous strata, so that the stratigraphie
equivalency of the parts of each seetion could be established with cer-
tainty, The work was begun privately in Cornell University, but the
necessity of transgressing State lines led to the association of the
aniversity with the United States Geological Burvey, by whose official
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sanection and financial assistance the necessarily slow process of aceu-
mulating the statistics has proceeded, At the oniset Major Powell,
then Ddrector of the Sorvey, and Mr. Charles DD. Walecott, then in
charge of Paleozoic paleontology, gave their valued encouragement.
The task was a large one, but ites importance was also great. A sin-
gle person eoulid not expeet in a lifetime to execute the whole work
required to solve the problem, and therefore graduate students at Cor-
nell University, and later at Yale, seeking practice in geological inves-
tigation, were intereated in the work, and original research along these
lines was intrusted to them. A large amount of statistics has been
thus gathered,

These investigations have now been going on for twenty years, and
" numerous geologiste have takem part in them. In the year 1885 a
briel report of the general resulis atiained up to that time was made
before the Ameriean Association for the Advancement of Seience.®
Al that {ime ten of the sections had been run, viz: Cuyahoga, Ohio;
Paineaville, Ohio; Girard, Pennsylvania; Chantangua, New York-
Penuaylvania; Genesee, New York-Pennsylvania; Canandaigna, New
York; Cayuga, New York; Tionghnioga, New York; Chenango, New
Yorlk:; Unadilla, New York. The fousils were collected from the
separato faunules, and certain general conclusions were then evident.
Since then Mesars. Prosser, Clarke, Darton, and others have pushed
the gections farther east, and they have been extended, with the aid
of Mesars. Van Ingen, Weller, and Kindle, into Missouri, Arkansas,
Kentucky, Indiana, Virginia, and West Virginia, Mesars. Geiger and
Sayles have added collections from the Appalachian region. The
Maryland geological survey is adding te the statistics for Maryland,
and investigations are now going on in many other regions of the
United States. Preliminary study of most of the collections has been
made. The investigations for some part of the fisld have been car-
ried muech further than others, but the undertaking has now reached
a gtage in which it is possible to exhibit the general bearings of the
results npon the whole field of stratigraphical peclogy and to state the
principles upon which the investigations have proceeded, as well as to
snggest at least what may be expected in the future, when the facts
shall be fully elaborated.

In the preparation of this report I have been obliged to refer often
to the statisties already gathered. Some of them, aceumulated by
myself or nnder my direction, have been published. Other statisties,
in the form of unpublished notes, compiled in the course of elabora-
ting the eolleetions, have also been freely comsulted. In addition to
these sources, the reports of others working in the same field have
been used, and for all such statistics I am deeply grateful to the
contributing authors. The bibliographie list is large, and may be

win the classifleation of the Upper Devonisn: Proc, Am. Assoc, Adv. 8ci., Vol. XXXIV, 15585,
TP, R




