


ZRFUSY

'9'9115293 by Mzcrbsoft @nE
l’{ ‘If 2







Digitized for Microsoft Corporation
by the Internet Archive in 2007.
From University of Toronto.
May be used for non-commercial, personal, research,
or educational purposes, or any fair use.
May not be indexed in a commercial service.

a7
Ry






-

d by Microso

ize

t

Digi



SMITHSONIAN INSTITUTION

BUREAU OF AMERICAN ETHNOLOGY
i BULLETIN 52

FARLY MAN IN SOUTH AMERICA

BY

ALES HRDLICKA

Curator of the Division of Physical Anthropology
U. S. National Museum

IN COLLABORATION WITH

W. H. HOLMES BAILEY WILLIS
Hcad Curator of the Department of Anthropology Member of the United States Geological Suryvey
U. S. National Museum
AND
FRED. EUGENE WRIGHT axp CLARENCE N. FENNER
Petrologist Assistant Petrologist

Geophysical Laboratory, Carnegie Institution of Washington

WASHINGTON
GOVERNMENT PRINTING OFFIOE

. 219) %
Digitized 1;-}/1:2,7.* rosoft

.



5 .;’. -+ ;
Sapl =t TS
SRR T B AL




LETTER OF TRANSMITTAL

SMITHSONIAN INSTITUTION,
BureaUu orF AMERICAN ETHNOLOGY,
Washington, D. C., June 2, 1911.

Sik: Five years ago the Bureau published as Bulletin 33, under
the title ‘“Skeletal Remains Suggesting or Attributed to Early Man
in North America,” the results of Doctor Hrdlicka’s comprehensive
researches on that subject. I now have the honor to submit for
your consideration the manuseript of ¢ Early Man in South America,”
the work of the same author in collaboration with Prof. W. H.
Holmes, Mr. Bailey Willis, of the United States Geological Survey,
and Messrs. Fred. Eugene Wright and Clarence E. Fenner, of the
Geophysical Laboratory of the Carnegie Institution of Washington,
and to suggest its publication, with your approval, as Bulletin 52
of the Bureau’s series.

Yours, very respectfully,
F. W. Hobpgk,

Ethnologist in Charge.
Dx. Cuarres D. WaLcerr,
Secretary of the Smithsonian Institution,
Washington, D. C.
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PREFACE

"Between the years 1899 and 1907 the writer carried on a series of
mvestigations with regard to the various skeletal remains which
suggested or were attributed to ancient man in North America.
These studies resulted in a number of publications,! culminating in a
general treatise comprehending the whole subject, which appeared as
Bulletin 33 of the Bureau of American Ethnology. The results of
the investigations seemed at first to lend support to the theory of
considerable antiquity for some of the remains presented as evidence,
as, for example, the two low skulls discovered at Trenton, New Jersey.
Subsequent researches however, cleared up most of the uncertain
points and the entire inquiry appeared to establish the fact that no
specimen had come to light in the northern continent, which, from
the standpoint of physical anthropology, represented other than a
relatively modern man.

The possibility of discovering osseous remains of man of geologic
antiquity in North America still exists, but, as was brought out in
the studies referred to, any find to be accepted as establishing the
existence of such man would have to be unequivocally authenticated
by the anthropologist and the geologist working in cooperation. The
various conclusions reached in these studies seem to have been quite
generally accepted and no further discoveries of osseous remains
pointing to the presence of early man in this part of the world have
been made.

‘While occupied with the subject of man’s antiquity in North Amer-
ica, the writer became more directly interested in the reports of re-
lated discoveries in South America, particularly in Argentina. It was
soon found, however, that these reports, or at least those dealing with
the finds of human remains up to 1907, were singularly incomplete
and unsatisfactory. The records of the many cases were full of
defects and uncertainties which, owing to the distance of the field and
other difficulties, seemed insurmountable obstacles preventing the
formation of a definite opinion as to the merit of any of the finds.

1 The Crania of Trenton, N. J., and their Bearing upon the Antlquity of Man in that Region; in Bulletin
¢of the American Museum of Natural History, Xv1, pp. 23-62, New York, 1902.

The Lansing Skeleton; in American Anthropologist, N. 8., V, 323-330, Lancaster, Pa., June, 1903.

A Report on the Trenton Femur (written in 1902), published with E.Volk’s The Archaology of the Del-
aware Valley; Papers of the Peabody Museum, v, Cambridge, Mass., 1911.

Skeletal Remains Suggesting or Attributed to Early Man in North America; Bulletin 33 of the Bureau
of American Ethnology, pp. 1-113, pls. I-xXi, figs. 1~16, Washington, 1907,

v
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But before the close of the year which marked the conclusion of the
writer’s inquiries relating to ancient man in North America (1907),
there appeared in Argentina an important résumé of the evidence
relating to the man of the Pampean formations in that country, by
Lehmann-Nitsche and a number of his associates, and this was soon
followed by the reports on the apparently epoch-making discoveries
of the Tetraprothomo (1907), Diprothomo (1909), and Homo pampzeus
(1909), by F. Ameghino, all of which stimulated to a high point the
writer’s interest in the question of early man in the southern conti-
nent. Then, with the earnest aid of Prof. W. H. Holmes, who has
always had much at heart the impartial solution of the problem of
man’s antiquity in America, and through the good offices of the
present Secretary of the Smithsonian Institution, it became possible
for the writer to visit Argentina. In recognition of the importance
of expert geologic evidence in studies of this kind, it was arranged that
the writer should -be accompanied by a competent geologist, ac-
quainted with formations in other parts of the world allied to those of
the pampas. The selection for this service fell on Mr. Bailey Willis,
of the United States Geological Survey, who had done important work
on the loess and related formations in North America and in China.

The chief objects of the expedition were the examination of the skele-
tal remains relating to early man that are preserved in Brazil and in
Argentina; the study of at least the principal localities and of the
deposits from which the finds were reported to proceed; and the dis-
covery, if possible, and the collection of osseous, archeologic, or other
specimens bearing on man’s antiquity.

It was hoped that the work on the ground, carried to such extent as
the circumstances might allow, would make it possible to form more
definite conclusions concerning the individual finds than the litera-
ture on these warranted, and that possibly by means of new discover-
ies additional light might be shed on the whole subject of early man in
South America, particularly in Argentina.

The journey was undertaken, it should be explicitly stated, with no
prejudice or preconceived opinions, though in view of the defective
reports skepticism concerning certain details or finds was unavoidable.

Argentina was reached early in May, 1910, and the stay of the
writer in the country lasted two months and that of Mr. Willis some-
what longer; almost all of this time was given to the researches here
recorded. The Argentine men of science, Srs. Ameghino, Ambrosetti,
Lehmann-Nitsche, Moreno, Outes, Roth, and others, received Mr. Willis
and the writer very cordially and facilitated their work with a liberality
that has left a lasting impression and has placed them under many
obligations. Sefior Moreno and Professor Ameghino, with his brother
Carlos, were particularly helpful; without their aid a large portion of
the work could not have been accomplished. The specimens which it
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was important to examine, even those the descriptions of which had
not yet been published, were placed freely at the disposal of the
writer and his colleague; Professor Ameghino and his brother accom-
panied them, notwithstanding the inclement season, for nearly three
weeks from point to point along the coast where vestiges of ancient
man or his forerunners were believed to have been discovered; H.
Santiago Roth visited Alvear with Mr. Willis; and de Carles, at the
instance of Professor Ameghino, accompanied the party to the distant
Ovejero. Finally, through the good offices of Sefior Moreno, the
writer received most valuable aid from the provincial authorities of
Patagonia and from several prominent citizens of the city of Carmen.
Sincere thenks are due to all of these gentlemen and to many others
by whom assistance was rendered.

The first weeks of his stay were given by the writer to the study of
the available skeletal material attributed to ancient man or his fore-
runners, in the Museo Nacional, the Facultad de Filosofia y Letras,
and the Museo de La Plata; while Mr. Willis devoted his time to
the examination at the same institutions of the many samples of
baked earth, scoriee, and other objects, believed to exhibit the activi-
ties of ancient man. Besides this, spare time was utilized by visits to
places in Buenos Aires which show exposures of the local formation,
and especially to the docks where the Diprothomo skull had been dis-
covered, in search of first-hand information concerning this find.

On May 24 Mr. Willis and the writer set out for the coast, along
which the more important specimens had been discovered, and a few
days after, at Mar del Plata, were joined by Professor Ameghino and
his brother Carlos. Examinations were made of the coast from north
of Mar del Plata to the Barrancas de los Lobos (see maps, pls. 1, 21;
figs. 1, 2), a section very important from the standpoint of arche-
ology and geology; of the more inland Laguna de los Padres, the
neighborhood of which was occupied up to late historic times by a
small body of Indians; of the coast about and to the northeast of
Miramar, a region interesting archeologically, geologically, and
because of finds, slightly farther to the south, of two ‘‘fossil ”’ human
crania; of the Necochea and the Arroyo del Moro parts of the coast,
highly interesting because of recent finds there of a number f *“fossil”’
human skeletons; and finally of the Monte Hermoso barranca, which
yielded the Tetraprothomo.

On the completion of the foregoing work, Professor Ameghino and
his brother returned to Buenos Aires, the writer set out for the valley of
the Rio Negro, whence came many years ago the “fossil”’ Patagonian
crania, while Mr. Willis proceeded to visit certain of the inland hills
for the purpose of supplementing his geologic observations on the coast,
thence to the localities of Arroyo Siasgo and Alvear, the former the
site of a recent find of ‘“fossil”’ man, and the other a well-known place
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that has given many examples of baked earth and other apparent
evidcnces of man’s antiquity. Early in July Mr. Willis and the
writer returned once more to Buenos Aires, completed as far as possi-
ble the work of research there, and then started with Sr. de Carles
for Ovejero, a locality in the northwestern part of Argentina, which in
the last few years has yielded a relatively large quantity of ‘“fossil”
human bones. Subsequently this trip was extended, for geologic as
well as anthropologic purposes, to Tucuman, San Juan, and Mendoza.
From the last-named place Mr. Willis returned to Buenos Aires, while
the writer crossed the Andes on his way to Peru.

The writer left Argentina feeling that the time at his disposal there,
though utilized to the utmost, was all too brief. The countey abounds
in anthropologic problems and material and large sections as yet
have not been explored. But the opportunities suggested by these
considerations belong to the future. The writer and his colleague
were not able to visit some of the places where remains of presumably
ancient man were found, because, the discoveries having been made
many years ago by men no longer among the living, the exact localities
are not known. There was no time to conduct more extensive
excavations, and even the examinations of some of the specimens
could have been made with advantage more detailed. The main
objects of the journey had been accomplished, however, so that fur-
ther particulars could not be expected to change or augment mate-
rially the essentials of the evidence. Whatever doubts remain are
of such nature that only by justifiable inference and strictly scientific
field work can it be hoped to effect their final solution.

Unfortunately the general results of the inquiry here outlined are
not in harmony with the claims of the various authors who reported
the several finds. As will be seen by the details, the evidence is, up to
the present time, unfavorable to the hypothesis of man’s great antiq-
uity, and especially to the existence of man’s predecessors in South
America; and it does not sustain the theories of the evolution of man
in general, or even of that of the American man alone, in the southern
continent. The facts gathered attest everywhere merely the presence
of the already differentiated and relatively modern American Indian.

A H.
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EARLY MAN IN SOUTH AMERICA

By Ave§ HRDLICEA.

In collaboration with

W. H. HoLmes, BarLey WiLLis, FrRED. EUGENE WRIGHT, AND CLARENCE N. FENNER
I. GENERAL CONSIDERATIONS
By AL HRDLICKA

In dealing on a large scale with a subject of so great importance as
man’s antiquity, it seems appropriate to consider briefly at least,
before taking up the details of research, the essential conditions on
which judgments regarding the various problems involved must
depend. These conditions, or criteria, are of prime consequence, yet
are often so simple as to be self-evident. But notwithstanding this,
they are not infrequently lost sight of by the very students who need
most to keep them clearly in view.

The antiquity of any human remains, skeletal or cultural, antedat-
ing the historic period, can be judged of only from the association of
such remains with geologic deposits the age of which is well-deter-
mined, and with the remains of other organic forms, the place of
which in time and in the evolutionary series is known. In the case of
osseous specimens great weight attaches also to the morphologic
characteristics and to the organic and inorganic alterations of the
bones.

From the geologic standpoint, consideration of the antiquity of
human remains involves not merely unquestionable stratigraphic
identification, but, preeminently, the question, unnecessary in general
in dealing with bones of animals, of possible introduction subsequent
to the formation of the matrix which enclosed them. -

On the morphologic side, in turn, we encounter the important and
often very difficult task of distinguishing between characteristics nor-
mal to a definite stage of evolution and those due to reversion or other
causes affecting only individuals. And in regard to the post-mortem
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alterations in the bones, great difficulties are encountered in the way of
a precise physical and chemical determination of the changes that
exist, and especially in the evaluation of their chronologic significance.

In general, to establish beyond doubt the geologic antiquity of
human remains, it should be shown conclusively that the specimen or
specimens were found in geologically ancient deposits, whose age is
confirmed by the presence of paleontologic remains; and the bones
should present evidence of organic as well as inorganic alterations,
and show also morphologic characteristics referable to an earlier type.
In addition, it is necessary to prove in every case by unexceptional
evidence that the human remains were not introduced, either pur-
posely or accidentally, in later times into the formation in which
discovered.

It will be plain to every critical reader that the age of a find relating
to early man in which the above-mentioned requirements have not
been satisfied can not be regarded as definitely settled. To accept
any specimen as representative of man of a definite geologic period on
evidence less than the sum total of these criteria would be to build
with radical defects in the foundation. It will be far more profitable
to anthropology to wait for discoveries that will fulfill the conditions
named than to accept cases, howsoever satisfactory they may seem to
some, that leave in the mind of the unprejudiced and experienced
observer serious doubt as to the true age of the remains.

Two of the above-named requisites, namely, the morphologic evi-
dence of the bones and their post-burial alterations, call for further
consideration. .

On the basis of what is positively known to-day in regard to early
man, and with the present scientific views regarding man’s evolution,
the anthropologist has a right to expect that human bones, particu-
larly crania, exceeding a few thousand years in age, and more espe-
cially those of geologic antiquity, shall present marked morphologic
differences, and that these differences shall point in the direction of
more primitive forms.

Man can not have arisen except from some more theroid form °
zoologically, and hence also morphologically. No conclusion can be
more firmly founded than that man is a product of an extraordinary
progressive differentiation from some anthropogenic stock, which
developed somewhere in the later Tertiary, among the primates. He
began, then, as an organism that in brain and in body was less than
man, that was anthropoid. From this stage he could not have
become at once as he is to-day, though in some stages of his evolution
he may have advanced by leaps, or at least more rapidly than in
others. He must have developed successively morphologic modifi-
cations called for by his advance toward the present man, and have
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lost gradually those features that interfered with his advance or
became useless—progress which is still unfinished. We know these
to be the facts, (1) because all organic form is essentially unstable,
plastic, reactive to changing influences, and to this law man’s com-
plex and relatively delicate organism can form no exception; (2)
because the best-authenticated skeletal remains of early man show
without exception a more cr less close approximation to more primi-
tive primate forms; (3) because these older human forms show, in
general, more theroid features in proportion to their geologic antiq-
uity; and (4) because morphologic differences have occurred in
numerous historic groups of mankind within relatively recent times,
are very apparent to-day in the various ‘“races’” of man, and are
constantly arising in tribes, in lesser groups, in families, and in
individuals.

Evolutionary changes have not progressed and do not progress
regularly in mankind as a whole, nor even in any of its divisions.
Such changes may be thought of as a slowly-augmenting complex of
zigzags, with localized forward leaps, temporary haltings, retrogres-
sions, and possibly with even occasional complete cessations. Thus
it would not be reasonable to expect that at any given date in the
past or present all the branches or members of the human or proto-
human family would be of absolutely uniform type. At all periods
some individuals, and even groups, were doubtless more advanced
than others from the ancestral and nearer the present human type.
Nevertheless, the morphologic status of man in each geologic period
had, unquestionably, its boundaries, and there is no evidence or
probability that two human beings, a geologic period or more apart,
could be so closely related in form that their crania or skeletons
would show strictly one and the same type.

The antiquity, therefore, of any human skeletal remains which do
not present marked differences from those of modern man may be
regarded, on morphologic grounds, as only insignificant geologically,
not reaching in time, in all probability, beyond the modern, still
unfinished, geologic formations. Should other claims be made in any
case, the burden of definite proof would rest heavily on those advanc-
ing them,

Other considerations bearing on this point have been brought forth
in the writer’s report relating to ancient man in North America,!
which should be read in connection with the present work. The
essence of the subject is that the expectation of important form dif-
ferences between all human skeletal remains of geologic antiquity and
those of the present erais justified; that the differences presented by

1 Bulletin 33 of the Bureau of American Ethnology.
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the older remains should point in the direction of zoologic inferi-
ority; and that where important structural differences pointing to
an earlier evolutionary stage are not found in the human skeletal
remains which are the subject of study, and especially where the
given crania and bones show close analogies with those of a modern
or even of the actual native race of the same region, the geologic
antiquity of such remains may well be regarded as imperfectly sup-
ported, in fact, as improbable.

As to the evidence that anatomic changes in man or, more precisely,
in his skeleton, have taken place during the present epoch, particu-
larly during historic times, the following points deserve attention:

The earliest skeletal forms approximating closely to those of pres-
ent man occur in Europe in the latter part of the paleolithic epoch,
assigned to the Upper Quaternary. They belong to the so-called
Aurignacean and Solutrean cultural periods. Yet even here, as
shown especially by the very important Maska collection,® there are
numerous and important characters distinguishing the skulls as well
as other bones from those of the whites and even from those of the
more primitive races of to-day. It is only when the Cro-Magnon and
the latest Grimaldi skeletal remains are reached, both regarded as of
the latest “ diluvial”” age and possibly more recent, that we find forms
corresponding closely to historic man.

Numerous changes, however, have taken place in various groups
of mankind ever since the time of the Man of Cro-Magnon or of Gri-
maldi. These have been more pronounced in some regions than in
others but there are no examples of complete morphologic standstill.
The inhabitants of Egypt have been repeatedly pointed to as an exam-
ple of the stability of human characters. Their skeletal remains are
now known for a period extending over 5,000 years. The Egyptians
sprang apparently from a single physical type and while there were
subsequent accessions to the population, they were in general of peo-
ple of the same type. After reaching the valley of the Nile this group
of humanity continued to live relatively isolated and under much
the same environment. For thousands of years they had in general
the same occupations, the same diet, the same habits and customs,
and changed but slightly in the grade of their civilization. Here
were almost ideal conditions for maintaining stability of physical
type, and there is no doubt that a closer approximation to such sta-
bility has been realized than in other known regions of the world.
Yet, as the writer, who made a journey to Egypt largely for the pur-
pose of investigating this subject, has shown already in a preliminary

1 MaSka’s collection from Ptedmost, Moravia, as yet unpublished but being studied, embraces more

than a dozen skeletons of man, contemporaneous with the mammoth, in a relatively excellent state of pres-
ervation, from the Solutrean.
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writing,! and as was shown lately by G. Elliot Smith and Derry also,?
the susceptibility of the organism to modification, even under these
exceptionally uniform environmental conditions, has not been over-
come, and numerous changes in the Egyptian skeleton between the
predynastic and middle dynastic, and again between that and the
Coptic period, excluding from consideration the influence of negro
infusion, are perceptible. In other countries such changes have been
more pronounced. In Russia, Bohemia, Germany, France, England,
cranial alterations have taken place within the last 2,000 years, all of
which can hardly be explained by migration or admixture. In the
American Indian many territorially localized morphologic modifica-
tions have become manifest within relatively recent times, for almost
every tribe to-day possesses some distinguishing marks of body as
well as of skeleton; and further modifications are certainly now tak-
ing place in the Indian with changing conditions.

All these facts bear evidence strongly against the persistence of
the same type of man in any region from the Pleistocene or an
even older period to the present. The fundamental causes of this
incomplete stability are, on the one hand, the nature of the human
organism, which like every other organism is in its ultimate analysis
a chemical complex, living by chemical change and subject to physi-
cal and chemical influences, and on the other the variability of these
influences. So long as the chemical status of the organism, especially
that of the developing organism and of the perpetuating or genera-
tive elements of the species, is not in absolute and lasting harmony
with the environment, so long, it is safe to say, will absolute fixed-
ness of structure and form be impossible. This expresses the case in
its extremes without considering its complexity, and applies to the
ultimate components and coordinations of the organism, but the
principle, which reduced to the simplest terms is that of action and
reaction between the protoplasm and the environment, holds good for
all variations in the human body. The bearing of these considera-
tions in connection with the theme in hand will be more clearly
apparent as the several special parts of this report are presented.

The second important subject which calls for brief discussion in this
place is that of the alterations of bones after burial. Such alterations
are partly organic, partly mechanical, and partly chemical, and may
be classed as follows:

(1) General decay and disintegration; (2) loss of organic substance
through bacterial or mineral agencies; (3) partial mechanical loss of
organic and chemical elements, through erosion; (4) covering by

1 Note sur la variation morphologique des Egyptiens depuis les temps préhistoriques ou prédynastics; in
Bull. et Mém. Soc. @’ Anthr. Paris, 5me sér., X, 1909, pp. 143-4.

2 Smith, G. Elliot, and F. Wood Jones, The Archeological Survey of Nubia, 4°, 2 vol., Cairo, 1910. Also
_ Smith, G. Elliot, and D. E. Derry, Bulletin 6 of the same Survey, Cairo, 1910, and G. Elliot Smith, The
People of Egypt, in The Cairo Sci. Jour., No. 30, 11, Alexandria, 1909.
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mineral substances that adhere; (5) simple mechanical or sedimental
filling of the bone cavities by mineral substances; and (6) lithifica-
tion, i. e., conversion, more or less complete, of the bone into stone
or ore through both infiltration and the replacement by other ele-
ments or compounds of the original inorganic constituents of the
osseous structure.

These classes of alterations are but rarely met with isolated or
perfect, existing more frequently in various combinations and in
various stages of incompleteness. Occasionally also one process
may have superseded another, a condition especially apt to appear
when the location of the specimen happens to be changed, or when
the bone is acted on by water differing in mineral composition from
that with which it came previously in contact.

The nature of the alterations depends altogether on the minerals,
particularly those in solution, and perhaps also on the gases which
come in contact with the skeletal remains,' the bones themselves,
though differing to some extent chemically as well as physically, being
on the whole fairly constant in composition. The conditions to
which any particular bone is subject may be favorable or unfavor-
able to its alteration. The unfavorable conditions are those that bring
about a rapid destruction of the bone, or a dearth or absence of such
agencies as are capable of producing changes in the bone that make
for durability; the favorable ones are the presence of modifying
agencies, while destructive potencies are slow. Bones in dry sand or
in a dry crypt, or in peat, where bacteria and fungi can not exist and
where neither corrosive liquids nor gases oceur, can undergo but
little alteration; but if exposed for a time to air, sand blast, growing
roots, or to water or gases of corrosive qualities, they will show
scaling, erosion, or other forms of loss of substance; in acid soil or in
a wet, warm, aerated mold they will disappear; in a limestone
cave through which water percolates they will be covered with
stalagmite, or cemented with earth, stones, shells, etc., and lose
rapidly their organic matter; in a shell-heap or in calcareous ground,
or where washed by mineral water or reached by underground water
carrying minerals in solution, they will be partially infiltrated with
lime and may be lined with and covered by a deposit, their inorganic
constitution may be more or less changed and in some cases they
will become thoroughly petrified. The rapidity of the various proe-
esses is proportionate to the nature, quantity, and facility of access to
the bone of the various reagents.

It follows from what has been shown that alterations of any nature
in a bone are first of all indications of the conditions under which the
bone has existed or, briefly, of the environment of the specimen, and

1 See data adduced by Gratacap, L. P., Fossils and Fossilization; in The American Naturalist, XXX,
Phila,, 1896, 902 et seq.; xxx1, Phila., 1897, 16 et seq,
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only secondarily and in a very uncertain manner of the time required
for the consummation of the changes.

Alterations produced in different bones are often seen to be alike,
even though thespecimens come from different localities and sometimes
from apparently different investing conditions. This is explainable
only on the assumption that the real conditions in the different places
were similar. As the whole process of post-mortem change in bone
is largely of the nature of chemical reactions, it will always lead, with
the same elements, to much the same result. But such similarity of
modification is no index of the quantity of the available reagents, of
the facility of their action, or of the period during which they acted
in the various cases and places, and hence alone is no measure of
time. Two bones that show a like degree of ‘‘fossilization” are
therefore not necessarily contemporaneous or even nearly so. This
applies even to bones from the same locality, for some may have been
subjected, through differences in depth or localized variation in soil
or amount of moisture, to considerably different influences. For the
same reason even the two extremities of the same bone may present
differences in color, weight, and in other qualities.

Another important point is that each locality, each kind of soil,
must necessarily have a limit to its possible effect on a bone, or at
least there must be a point beyond which further alterations in the
bone, unless new conditions set in, are extremely slow. Such limit
reached, the bone may continue in the same place for ages as an inert,
neutral object, and resemble closely other bones from the same cave,
layer, or deposit, introduced at a much later time, but which likewise
may have reached the limit or nearly the limit of their possible altera-
tions under the local conditions.

The above facts demonstrate the futility of utilizing alterations in
bones as a chronologic index. Yet it is this very unreliable factor of
“fossilization” of human bones that is principally responsible for the
“peopling’’ of North America, and especially of South America, with
“fossil” ancient human forms.

The foregoing considerations make it clear that while geologically
ancient bones may be confidently expected to show more or less
decided alterations of both organic and inorganic nature,! such
alterations alone can never become a criterion of antiquity.

In conclusion, it is necessary 'to refer to a certain class of other
phenomena observed occasionally in connection with human and
especially with animal bones, and sometimes brought forward as
proofs of man’s antiquity. This applies to the split or splintered
bones and to those that show various scratches, strig, cuts, or perfo-
rations, which appear to be due possibly to human agency.

11In very rare instances remains of some of the most recent but now extinct animals have been found
apparently but little altered, but the date of death in these few cases has never been accurately determined.

4
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It is seen in prehistoric European stations that in order to extract the
marrow ancient man often broke the long bones of animals killed, but
it does not follow that all similar fragments of bones have a like origin.
The bones of dead animals, especially those of large size, often lie
exposed for a considerable length of time on the surface of the ground.
Animals die at pools where they become mired, or in localities where
other animals pass, as can be seen in numberless cases on the prairies,
deserts, pampas, and elsewhere. Their bones may be split longi-
tudinally by the action of the elements, and are apt to be broken in
every possible way by the feet of animals, by falling or rolling stones,
or by pressure within the earth, and the fragments may differ in no
way from those produced by man breaking long bones to extract the
marrow. So far as the writer has been able to learn and so far as he
can conceive, there is no safe means of distinguishing between the
fracture effect of a blow by man on bone recent or ancient and that
of a stroke on such bone by the hoof of an animal or by impact of
falling stones or earth, fragmentation by the teeth of large carnivores,
or, in the case of buried skeletal remains, crushing by the weight and
movements of the earth. With all this in view, it is difficult to see
how fragments of bones of any kind can of themselves ever mate-
rially assist in establishing the fact of man’s agency, and especially of
his presence at the time when the animal whose bones are found
split or broken, lived and died.

Again, the fact is often overlooked that along with fragmentary
long bones offered as evidence of man’s agency are found fragments
of other bones, without medulla and hence without the marrow for
which bones are broken.

As to scratched, striated, incised, or perforated bones, it is suffi-
cient to call attention to the fact that a sharp edge or point driven by
force of any kind may produce simple effects similar to those due to
an implement wielded by the human hand. Only in cases in which
there is clear evidence of design may human agency be established.
Mere possibilities or probabilities can not be accepted as positive
evidence in dealing with the important problem of man’s antiquity.

Many scratches found on bones are doubtless accidental, produced
during the excavation, handling, or transportation of the specimens.
As to the striee and incised markings, in order to be accepted as
due to human agency, it should be shown conclusively that they can
not be attributed to other causes, as, for example, to the teeth of
some rodent or carnivore, which sometimes cut as clearly and deeply
as would a knife. Tt is often difficult and frequently impossible to
distinguish cuts due to human agency from those due to animal
agency. Insome cases, however, we may detect the animal agency
of the cuts by their lack of purpose (from the human point of view),
by their parallel arrangement or similarity of direction (usually
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transverse to the axis of the shaft), by their presence on the ends or
edges of the specimen, and by their close similarity in character.

As to perforations and grooves found in bones, it may be said
that many of the most neatly made are due to insects or worms.
Numerous examples of this kind due to worms were seen by the
writer in the latter part of 1910, during excavations on the
Isthmus of Panama. Roots also may produce perforations, especially
by enlarging nutrient canals, which are liable to be mistaken for
marks of artificial origin. ,

It is plain from the preceding remarks that, unless the opening in
a bone presents evidence of design or other characteristic such as
makes its human origin plainly manifest, it can not be accepted as
artificial and is worthless as evidence of man’s agency.

Moreover, even in cases in which perforation in or markings on
bones are readily recognized as of human origin, it does not follow
that man lived contemporaneously with the animals to which the
bones belonged. To be of value as evidence on this point, it must
be shown that man worked the bone during the life of the particular
species and not later.

As to the bones of fossil animals which show the effects of fire, it
needs only to be remarked that in order that such specimens should
become available in any case as evidence of man’s antiquity, it
would be necessary to prove that the fire was due to the agency of
man, and that the man was contemporaneous with those animals.

These various considerations, even though stated very briefly,
indicate the complexity of the subject of evidence relating to the skel-
etal remains of man or those suggesting man. They show the neces-
sity of taking into account every circumstantial detail regarding each
distinct discovery of human skeletal parts and the necessity of
scientific accuracy in weighing the observed conditions. It might
seem that all the precautions above outlined should necessarily
characterize any scientific procedure in this field, but it will be seen
in the perusal of the following pages of this paper how readily some
of these principles are slighted and even wholly neglected.



V& '!'II vf? 54 -mﬁ‘md N . _,'l[ﬁﬁ.‘ wur i
‘(‘TI"W N ‘..yb..x ol j”’!\ ﬁl"!—'{ ol‘n T |T|| oA

Sy . :\
xl‘ A | e TELE St w. o) ¥ 2 frl
y .

'tf.,"“, . U i ' r

e A e R A

RN Et) o
L L4




II. ENUMERATION OF THE SOUTH AMERICAN FINDS
RELATING TO EARLY MAN

By AvLe$ Hrpriéga

The discoveries, so far as published, of industrial and skeletal
'remains suggesting man’s antiquity in South America, are restricted
to Brazil and Argentina.

Brazil presents only one group of finds of this class, namely, those
of the Lagoa Santa caves, in the Province of Minas Geraes. They
consist of a relatively large series of skeletal remains of man and a
single stone implement, which collectively have been considered as
probably belonging to Quaternary times.

In Argentina, on the other hand, discoveries of relics attributed
to ancient man and even to man'’s precursors, have been very numer-
ous. These began with some débris of ‘‘fossil” human bones from
the Rio Carcaraiig, in the northern part of the Province of Buenos
Aires, and with two ‘‘fossil” human crania reported from the valley
of the Rio Negro, northern Patagonia. Subsequent finds, numbering
in all several thousand specimens and including both human bones
and what are assumed to be traces of human activity, with the
exception of those from Patagonia and of the so-called Ovejero re-
mains, have all been obtained from the Province of Buenos Aires.

The determinations of the geologic age of the numerous Argentine
finds by the local authors who have reported on them are considerably
at variance. There are in the main, however, two groups of opin-
ions, one represented by Florentino Ameghino, the other by Santiago
Roth and R. Lehmann-Nitsche. Below is given the classification of
these finds by Ameghino, according to the geologic age assigned them
by this author; the classifications of the other observers are more
restricted \in the number of finds regarded as ancient, and offer in
general more moderate estimates of the ages of the specimens.

11
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Skeletal remains of, and other indications pointing to, early man in South America, and
their geologic age, according to F. Ameghino !

Period Epochs and stages Remains extant
Recent
Platean. Querandine transgression

Quaternary Post-Lujanean hiatus FHomo sapiens
Lujanean and corresponding marine | Skulls of Arrecifes and Ovejero
transgression
Post-Bonaerean hiatus
superior Fontezuelas, Arroyo de Frias, ,

Bomrw“{m&f‘mr Samborombén, Baradero',.

Chocori skulls and skeletons ! | Homo caputin-
| clinatus skele-
| ton (Siasgo)

Belgranean transgression Industrial vestiges H
| Homo sinemento
! (Moro)
Post-Ensenadean hiatus :
Pliocene Cuspidal Ensenadean Homo pampaeus, or Prothomo: Miramar (La
Tigra? Necochea skeletal remains
Inter-Ensenadean transgression Stone industry
Basal Ensenadean Industrial vestiges
Pre-Ensenadean Diprothomo platensis skull
Post-Puelchean hiatus
Puelchean and corresponding trans- | Industrial vestiges
gression
Post-Chapalmalean hjatus
Superior Miocene - N
Chapalmalean ? Industrial vestiges
Post-Hermosean hiatus
Hermosean Tetraprothomo argentinus, atlas and femur
Lower Miocene Industrial vestiges (?)
Oligocene Industrial vestiges
Upper Eocene Patagonian Industrial vestiges of man’s precursors

1 Based on the table published by that author in his Le Diprothomo Platensis, in Anales del Museo
Nacional de Buenos Adres, X1x (ser. iil, t. x1), 1909, p. 124, and suppiemented by more recently announced

discoverijes.

3 Written also Chapadmalean.

The

“‘industrial vestiges”’

can receive in this report, Wlth two im-
portant exceptions, only general consideration.

They consist of four
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main groups, namely: (1) Baked earth, or tierra cocida; (2) scorie;
(3) used or worked stones; and (4) used or worked bones.

On the basis of these and the above-enumerated human specimens,
coupled with the presence in South America of certain small fossil
monkeys, Ameghino advanced the theory that mankind evolved on
that continent, that it was represented there in the course of time
by a number of genera of intermediary beings and by several species
of man himself, and that he spread thence over the rest of the world.
This elaborate theory can be given in this report only brief space;
for the many details which it involves it will be necessary to consult
Ameghino’s original publications (see Bibliography). The following
table, from Ameghino’s Le Diprothomo Platensis (1909, p. 206), shows
the views of that author as to the sequence of the evolution, though
. later his conceptions on that subject were probably even further
) developed. '

AMEGHINO’S SCHEME OF MAN’S EVOLUTION

Hominidza

Homo Homo
sapiens ater Anthropo-
Homo Pithecan- Pseudhomo morphids
primigenius thropus heidelbergensis

Homo sapiens

Homo pampsus

Prothomo Ve

Diprothomo &
platensis e

. 24
Triprothomo.~ -Homo-

Tetraprothomo
argentinus

A i il
primitive

Anthropops
%gf;&’;' Homunculus

Pitheculites

Clenialites
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Having thus indicated in brief the status of the subject of remains
relating to early man in South America at the time of the visit of the
writer and Mr. Willis to Argentina, it is now appropriate to present
the results of their observations. In general these lead, as already
indicated, to conclusions different from those of the several Argentine
authors, especially Ameghino, who have studied the anthropologic
character, and have estimated the ages, of the various specimens.
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III. GENERAL GEOLOGIC NOTES

By BamLey WiLLIs

INTRODUCTORY NOTE

The following geologic description is restricted to the writer’s
observations and to deductions from them. During four months,
May to August, 1910, which he spent in Argentina, he visited the
vicinity of Buenos Aires, the right bank of the Parana as far north
as Rosario, the eastern part of the Province of Buenos Aires and the
coast from Mar del Plata to Bahia Blanca, and the Sierra de la
Ventana; all with reference to studies of the Pampean and post-
Pampean terranes. Outside of this region his journeys extended to
Tucuman on the north, to San Juan and Mendoza on the west, to
Neuquen on the southwest, and to the Rio Colorado, including its
delta, on the south. (See maps: Pls. 1 and 21; figs. 1 and 2.)

The writer is under great obligations to Dr. Florentino Ameghino
and also to Prof. Santiago Roth, who not only gave valuable time
to accompany his colleague, Doctor Hrdli¢ka, and himself, but also
most generously and frankly discussed the geologic phenomena.
Their intimate knowledge and great experience entitle their views
to the most serious consideration. The writer is happy to know
that in many respects his inferences from observed facts agree with
theirs, especially as to the Miocene and Pliocene age of much of the
Pampean terrane.

He regrets that certain geologic relations, when interpreted in the
light of his experience in other lands, lead him to conclusions that
differ from theirs. There are some points on which they do not agree
between themselves, notably as to the classification of the divisions of
the Pampean. This problem is one that requiresfurther investigation,
both stratigraphically and paleontologically. The superficial forma-
tions of the pampas and of the coast are interpreted by the writer
as of very recent origin. It is in them that human remains have
been found. Were the remains as old as the deposits they would
be geologically recent, but they are even younger, since the evidence
of occurrence and character in every case that the writers could
examine showed that the bodies had been buried in or had acmdentally

reached the positions in which they were found,
15



16 BUREAU OF AMERICAN ETHNOLOGY [BULL, 52

The writer leaves to his colleague, Doctor Hrdli¢ka, all discussion
of the anthropologic facts; but the physical evidence leads to con-
clusions identical with those indicated by anthropology and leaves
no legitimate doubt that geologically ancient man has not yet been
found in Argentina.

GENERAL GEOLOGIC DESCRIPTION
WARPED CONTINENTAL SURFACE

The area which it is necessary to discuss in connection with the
problem of the antiquity of man in Argentina comprises the Province
of Buenos Aires (pl. 1 and fig. 1) and portions of the provinces and
territories adjacent to it on the northwest and southwest. This region
is an ancient land surface, many geologic ages having passed since it
was submerged beneath the sea. Its mass consists of very old rocks
that may be described as quartzites and dolomites, and of still older
granite and schists. The marine sediments of comparatively recent
geologic date (Mesozoic and Tertiary) that make up a large part of
the Andes are not found in the area, which was an island when the
ocean flowed over the site of the Cordillera.

It is a geologic axiom that any old land is surely worn down by
erosion to a plain, unless it is disturbed by the internal forces of the
earth in such a manner as to renew the old mountain ranges or to
produce new ones. This land of Buenos Aires was thus planed.
The plain may be recognized where the ancient rocks are not covered
by superficial deposits and it extends no doubt beneath the entire
area of the pampas. But that plain, which was once level, is no
longer so. Reference is not here made to the plain of the pampas,
across which the railroads are graded, but to the eroded surface of
the crystalline rocks that lies beneath the superficial deposits of the
pampas. At Buenos Aires it is buried to a depth of more than 300
meters. Beneath the Rio de la Plata it probably lies still lower.
In the mountains of Cérdoba, in the Sierra Tandil, and in the Sierra
de la Ventana that old plain is raised to an altitude of several hun-
dred meters. Thus, that which was formerly nearly level is now
depressed or elevated according to the part of the region considered,
and we may truly say that the surface of the old land is warped.

The warping involved changes of altitude. Some areas now stand
higher than they did; others lie lower; but the process of erosion
tends to restore a flat surface by removing the elevations and filling
the hollows. In the sculptured forms of the upraised plains or
mountains we may read the history of the uplift. On the other
hand, the depressed arcas become valleys of great rivers or embay-
ments of the sea and, being more or less filled with sediment, contain
the record of subsidence in the strata of the deposit.
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Showing on a large scale the parts of Argentina in which human remains of supposed geologic an-
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In"warping, the old land of Buenos Aires on the whole was depressed
during a long period. It has recently been raised again, though not
There were, or are, two regions of
greatest depression, one of which is the embayment of the Rio de la
Plata, the other the bay of Bahia Blanca; each of these extends far

to its former general altitude.
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Map of the Province of Buenos Aires.

inland. The intervening area did not sink so deep and within it lie
the exceptional zones that were raised and became the Sierras of
Cérdoba, Tandil, and de la Ventana.

Over the smkmg region superficial deposits of mud were spread,

21535°—Bull, 52—12—2-

: partly by rivers and partly by winds, and these constitute the .
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Pampean formation or terrane. They are no doubt thickest where
the old rock floor lies deepest—in the downwarps of the Rio de la
Plata and at Bahia Blanca.

These two facts—that there is a continental surface which was
eroded on the ancient crystalline rocks, and that the surface, being
warped, became generally covered with the Pampean formation—
are the fundamental facgs of the later geologic history of the pampas.
To these we may add the note that the region is now elevated and
subject to erosion.

PAMPEAN TERRANE

That portion of the geologic history which concerns the discussion
of the antiquity of man relates to the Pampean terrane. Whence
were the materials derived? How were they deposited? What dis-
tinct episodes of the long process may be recognized? To what
epochs of geologic time do these episodes correspond? In what con-
nection do they stand with man?

It has been said that the Pampean was deposited most abundantly
in the deep downwarps which are now the embayments of the Rio
de la Plata and the Bahia Blanca. In each of these there developed
a system of rivers, whose modern representatives are the Parana and
Uruguay in the one embayment, in the other the Rio Colorado and
and its long northern tributary, the Gran Salado (Rio Curacé of
some maps). These rivers, or their predecessors, brought, distributed,
and laid down the muds which were gathered in the process of denuda-~
tion of upper watersheds and which consisted of the characteristic
soils of the several headwater regions. In the one case that was
central and western South America. The soils were heavy clays,
containing much iron and of various shades of brown to deep
brownish-red. Much of the Pampean terrane that lies north of
the Sierra de la Ventana, was derived from that region and has that
general character. The Colorado River system, or its ancestors, on
the other hand, flowed from the Andes and brought down sands
in large volume, as well as clays, producing light-colored, sandy
varieties of the Pampean terrane, which are sometimes so unlike
the brown clays that they are not called Pampean, but are de-
scribed as Tertiary sandstones. Within the area of the Province
of Buenos Aires there rose, moreover, the heights of the Sierra Tandil
and de la Ventana, which were eroded by rains and by winds, and
which contributed more or less sand, together with clays, to the
deposits laid down near the hills or in the valleys of.streams which
may have flowed from them.

Thus the sources of the Pampean earths were very unlike. The
aocumulation of so great a mass required a long time, during which
conditions changed. Nevertheless, the Pampean terrane is on the
whole a remarkably uniform and monotonous deposit, several agen-
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cies, among which wind has been the dominant one, having worked
the material into a uniform condition.

Alluvial deposits, composed of unmodified river mud, such ag
rivers carry and deposit in regions of abundant rainfall and vegetation,
consist of coarse as well as of fine clays and sands. They contain
also more or less carbonaceous matter derived from vegetation. But
alluvium, which is spread and dries on flats that for any reason are
not covered by vegetation, is sorted by winds, the fine clay being
blown out and the coarse stuff being left behind. By being blown
about or against one another the sand grains are worn down.. There
is also chemical disintegration. By many repetitions the process
results in a fine flour of the most enduring universal substances,
aluminous clay, silicious sand, and oxide of iron. Of such is the
Pampean terrane.

Thus the Pampean, in the physical and chemical constitution of its
materials, is a product of processes which require the interaction of
rivers and winds. On the Arctic plains- of northern Siberia, where
the great rivers flood vast areas and retreating leave them bare, or in
the immense delta of the Hwang River in eastern China, we may
find modern illustrations of the Pampean conditions.

Climate is a factor of the first importance in modifying the effect of
wind on alluvial deposits. Wind can not raise dust from surfaces
that are frozen, moist, or sufficiently covered with vegetation, and it
does not erode them. - If alluvial deposits are dry and bare, wind does
erode even plane surfaces, and when confined by the configuration of
the surface to a hollow, or channel, it erodes rapidly. That the material
of the Pampean has been blown about and sorted by wind is clearly
proved by its uniform fineness, and hence we might conclude that the
pampas have been arid and bare. But the Pampean is in large part
a river deposit, such as the Hwang River has spread over the vast
delta plain of China, and has been distributed by floods in a similar
delta. 'The terrane contains abundant remains of large herbivorous
animals, which lived on grass that must have grown rankly and in
profusion. Thus there must have been rainfall sufficient to nourish
vegetation. These evidences of aridity and humidity appear to be
contradictory, but they are readily explained by geographic relations
and by changes of climate.

The geographlc relations of the Hwang River are to the point.
The river rises in the mountains of central Asia, flows through desert
basins, and descends to the head of its delta heavily laden with desert
dust. The delta plain which is built of that dust is comparable in
extent with the pampas of South America. The rivers that now

flow from the Cordillera of Bolivia and Argentina southeastward also

cross desert basins, which are arid because the mountains take the
moisture from the air currents. They have been more or less arid
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ever since the uplift of the mountains occasioned the erosion which
produced the Pampean sediment, and it is reasonable to infer that
the fineness of the deposit is due to eolian sorting in the desert regions
through which the rivers flow. This inference probably could not be
extended to sediments derived from central Brazil, but it may be
stated that the Pampean terrane which is so derived is less charac-
teristically eolian than that which occurs farther west and south.

The parallel with the Hwang River may be extended to the action
of the wind in the delta plain. During the winter months, in North
China, when there is no rain or snow and no protecting vegetation
dust is constantly in the air and dust storms are serious. KEolian
drifts accumulate in eddies and lees. Similar conditions have existed
during the formation of the Pampean, for it comprises both relatively
modern and older deposits of a strictly eolian character occurring
with others laid down by the river waters or in ponds.

It is possible that the geographic and seasonable conditions which
have been described may be found sufficient to explain the various
aspects of the Pampean terrane. DBut it is possible also that climatic
cycles have been an important factor in determining the variation and
succession of deposits in South America as they have been in the
northern hemisphere. In order to present this question in the light
of some of the known facts, we may digress at this point from the
description of the Pampean terrane to a discussion of the climatic
changes which characterize the Quaternary period in the Northern
Hemisphere.

Here this period is distinguished from the Tertiary epochs which
preceded it by the rigor of climate which occasioned the glaciation of
northern Europe and northeastern North America. Ice fields of
great extent spread from centers so conditioned by excessive snowfall
and comparatively low temperature that they served as gathering
grounds for the great névé which supplied the ice.

These centers were determined by meteorologic and also by topo-
graphic conditions. In North America two of them were situated in
the great plains of northern Canada; another was in the northern
Cordillera. In Europe the principal fields whence proceeded the dis-
persion of the ice were in northern Germany and in the Alps.

We were wont to speak of the Quaternary and of the glaciation
which characterized it as though it were a single glacial period with-
out intervals of milder climate. But this concept, which marked an
early stage in the investigation of glacial deposits, has long since
given way to the recognition of at least four epochs of glaciation and
three epochs of general interglacial climate in those regions where the
phenomena are most fully developed.

The several epochs of the Quaternary have received names which
differ sdmewhat according to the center from which the ice spread.
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Students of Alpine glaciation recognize the Gunz, Mindel, Riss, and
Wurm stages, the Gunz being the earliest and the Wurm the latest
glaciation, which spread from the Alps upon the plains of southern
Germany. In the United States the deposits which were laid down
by successive ice sheets that flowed from the great center in Labrador
are known as the Wisconsin, Illinoian, Kansan, and Jerseyan. Those
which spread from the other center in Keewatin, west of Hudson Bay,
are similarly known as the Wisconsin, Illinoian (or Iowan), Kansan,
and Nebraskan (or Pre-Kansan).

The deposits which have received these names have been traced
over large areas in the respective regions in which they occur, and
have been identified in each separate field as constituting in each case
a sequence of formations due to recurrent glaciation, while between
the deposits which indicate the former presence of ice there are found
others whose character and included fossils demonstrate the existence
of an intervening epoch of milder climate. Thus it is seen that the
Quaternary period corresponds in duration with the development and
retreat of at least four continental ice sheets, and that its time scale
is marked off into eight epochs, namely, four which were characterized
by glaciation and four which were marked by milder climate. We
live in the latest of the milder epochs.

Having in mind the alternation of glacial and interglacial climatic
epochs which have been distinguished in the Northern Ilemisphere, it
is reasonable to inquire whether the Pampean yields any evidence of
similar climatic variations. Its general aspect is monotonous and
readily suggests an initial inference that the general conditions of
deposition were similarly uniform. But there are many local details
which demonstrate the alternate action of wind and water, and hence
in each such locality the alternation of climatic conditions favorable
to one or the other agency. In so far as we may be justified in corre-
lating the sequence of conditions in one locality with those in another,
we may establish a presumption of general climatic epochs and of
changes somewhat similar to those of the Northern Hemisphere. Let
us hasten to say that this statement is not meant to imply that the
Pampean formation contains a record of glacial and interglacial con-
ditions. The writer has not observed the slightest evidence of glacial
deposits in any part of the Pampean. Glacial deposits are entirely
wanting in the delta deposits of the Hwang River, which the Pampean
formation most closely resembles, and the origin of the Pampean
material is to be sought rather in theeregion of the deserts, as has
already been explained, than in one of the glacier-covered mountains.
The fact that the loess deposits of the Mississippi Valley and of central
Europe owe their origin to glaciers does not affect this statement, for
the loess deposits of China, which are far more extensive, are inde-
pendent of glacial origin. But the alternation of climate, of which
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there is evidence in the Pampean, is from humid to arid and back to
humid, probably a number of times. It is theoretically probable that
the epochs of humid climate were the more genial and those of arid
climate the more rigorous as regards temperature, but of that we have
as yet no satisfactory evidence.

With these suggestions we may consider some of the evidences of
climatic variation in the Pampean.

Sections of the Pampean are to be seen at various points along the
eastern coast of Argentina and have been observed by the writer
north of Mar del Plata, in the Barrancas de los Lobos south of that
city, and along the coast farther southeastward at Miramar, Necochea,
and Monte Hermoso. The sections were carefully studied in each
locality, but since we require here only an illustration of the kind
of evidence of climatic change that may be adduced, it will suffice
to describe a characteristic relation observed in the Barrancas del
Norte, north of Mar del Plata.

The Barrancas del Norte are sea cliffs which vary but little from
an average height of 10 meters. The constituent materials are
earths which differ in color, texture, and arrangement, and avhich
inclose secondary deposits of carbonate of lime forming more or less
irregular bodies. The earths are characteristic loams of the Pam-
pean terrane. They are very fine and uniform and usually very free
from sands; pebbles, except those of the secondary limestone, are
entirely wanting. In color, they present shades of brown which
may be described as dark or reddish or fawn-colored. Gray tones
also occur and certain strata are distinctly greenish. They are often
compared to the Chinese deposits, to which Richthofen gave the
name loess, and they share with the material the quality of uniform
fineness. They are more compact, however, and exhibit many
details of constitution and structure not found in loess, while at the
same time they usually lack the columnar structure nearly always
characterizing loess.

In the Barrancas del Norte the constituent formations might be
variously classified as forming two, three, or four distinct horizons.
From summit to base of the cliff one may recognize—

Plain: Meters.
Black soil derived from the Pampean by the introduction of humus and
possibly by accumulation of dust in the grass......................... 1
Fawn-colored to gray, or reddish, or yellow-brown Pampean earths, very
irregularly distributed and varied instructure.......................... 4-8
Greenish, stratified, sometimes sandy, but in general earthy, deposits not
AL WAYE Drosenti-. S 1L e T L B g P N e ¥ o 0-2
Dark brown, very compact, dense earths, often sandy and constituting an
Serdly Bandstone. v 7 (AN SIS WS 05 NG IR T o) 0-3



i
:
¥

WILLIS] GENERAL GEOLOGIC NOTES 2%

The basal stratum of dark-brown, often sandy earth, marked by
compactness and homogeneity and frequent stratification, is a con-
tinuous formation, which has the characters of eolian material redis-
tributed by waters. The writer has seen very similar deposits in
China in the banks of the Grand Canal south of Tientsin, where the
material was loess redistributed in the vast delta of the Hwang River,
but it was less compact. As the formation is homogeneous so far
as traced in the Barrancas del Norte, and as it is very similar to the
Pampean formations which extend from the Barrancas de los T.obos
for many scores of miles southward, we can not ascribe it to strictly
local conditions. On the contrary, it represents a general phase of
erosion and deposition which corresponds apparently to the removal
of fluvio-eolian formations from some one region and their redepo-
sition where they are now found. The writer is inclined to regard
this formation and similar deposits as due to river work on confluent
flood plains and consequently as made during a relatively humid
period.

The upper surface of the basal formation in the Barrancas dei Norte
is eroged and the hollows are filled by later deposits, sometimes of one
character, sometimes of another. Characteristic examples are rep-
resented in the illustrations (pls. 2, 3). It will be seen that the for-
mation was carved by an agent that undercut the sides and rounded
the bottoms of the hollows, leaving masses with sharp points or
edges in relief. Wind produces these effects in this material, whereas
water cuts channels having nearly vertical walls. Thus it would
appear that wind erosion, which is favored by, if not dependent on,
aridity, succeeded an epoch of deposition that was conditioned by
humidity. The eroded surface is not deeply carved but the extreme
relief of about two meters which it exhibits is probably near the
limit of height which the brown earth could maintain. It is impos-
sible to say how much may have been removed above this surface,
and we are thus left in doubt so far as this occurrence in the Bar-
rancas del Norte is concerned whether the erosion was local and tem-
porary or was occasioned by a general change. The phenomenon
recurs, however, in other exposures of the formation at Miramar and
at Necochea, and appears to be characteristic of the zone which
is now laid open along the coast. Thus it is not improbable that
the area of erosion was a broad one due to a somewhat general climatic
and geographic change.

In the Barrancas del Norte the eroded surface of the Ensenadean
comes into contact with several formations, which are unlike in color
and constitution. The one which covers the longest stretches is a
greenish stratified deposit formed of Pampean earth, which has been
somewhat deoxidized. Similar greenish deposits occur here and there
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in the Pampean terrane up to the more recent formations, where they
may be identified by their topographic relations on the present sur-
face as having formed in ponds or lakes. The reduction of the iron
oxide to which the green color is due is a natural effect of the presence
of organic matter that gathers in ponds. Ameghino was the first
to recognize their lacustrine origin. In the Barrancas del Norte
they are sharply contrasted in color with the dark-brown Ensena-
dean, and the eroded surface is direct evidence of an interval between
the episodes of deposition.

The eroded surface of the lower stratum worked out by wind and
not by running water no doubt presented more or less extensive
hollows in which pools or ponds would form and water-laid sediments
would accumulate, provided there was sufficient rain. The deposits
are water-laid and appear to constitute evidence of a return to con-
ditions of greater humidity than had existed during the episode of
erosion.

The formations which succeeded the lacustrine deposits where the
latter occur, or which rest on the lower brown earth where the lacus-
trines are wanting, are of two kinds. There is a fine whitish omlight-
gray stratum which exhibits the vertical structure characteristic
of eolian loess and which also possesses the fineness and uniformity
of wind-blown dust. The light color is peculiar and is not explained
by any field observation. This white or gray loess is locally con-
formable to the brown sandy earth and again is separated from it by
pockets of pink pebbly loess described below.

The formation which may be called pink pebbly loess, according to
its color and constitution, is a fine-grained, light reddish-brown
deposit, which includes small pebbles of the same material. The
texture, homogeneity, and structure are eolian. The pebbles also
could have been formed only by wind action, since the loess of which
they consist would readily melt down in water and lose its form. The
formation thus suggests arid conditions. It occurs characteristically
in wind-eroded hollows which are more or less undercut, and thus it
indicates the activity of the wind as it erodes and fills. Were it not
for the intervening lacustrine formation there would be no reason
for separating the episode of erosion during which the basal stratum
was sculptured from the episode of erosion and filling which is marked
by the pebbly loess, and the climatic variation would be simply
from more humid to more arid. But the occurrence of the lacustrine
deposits in the hollows cut in the basal stratum and the fact that
they are themselves sometimes cut out by the hollows filled by the
pebbly loess indicate that between two episodes when wind erosion
was favored, presumably by aridity, there was an interval of pre-
cipitation adequate to produce ponds. -
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The horizon of the whitish-gray loess and of the pink pebbly loess
is characterized by great irregularity of deposits, and is thus dis-
tinguished from the higher horizon immediately overlying them,
which is occupied by a fawn-colored eolian earth most examples of
which are a structureless loess, but some of which exhibit columnar
structure. The fawn-colored loess is the highest of the formations
in the Barrancas del Norte and forms the upper third to half of the
bluff. It is continuous with the pink pebbly loess, which changes
gradually in color and loses the pebbly inclusions from below upward.
It is strongly contrasted in color with the whitish-gray and the plane
between them is clearly marked, but is flat and not eroded. Thus the
fawn-colored loess may be regarded as the upward continuation of
these two dissimilar deposits with which it corresponds in being of
wind origin. It merges upward into the black soil, which is derived
from it.

In the foregoing descriptions of the original characters of the for-
mation in the Barrancas del Norte, the secondary feature, the occur-
rence of limestone masses, or fosca, has purposely been omitted, it
being regarded as a deposit from ground waters subsequent to the
deposition of the earth in which it occurs.

There are two horizons in the Barrancas del Norte at which lime-
stone is strongly developed. One is near the base of the cliff, some-
what less than a meter below the upper surface of the dark-brown
sandy earth that forms the base of the exposed section. There is a
heavy horizontal plate of limey rock, in many places two-thirds of a
meter thick, and fairly constant in occurrence. According to the
writer’s understanding of the process of tosca formation, it represents
the zone or horizon within which the ground water rises and falls,
while diffusing by capillary action and evaporating from the surface.
The conditions which are most favorable are those of semiaridity.
The density and continuity of the residual lime deposit constitute a
measure of the time during which the action continued at the hori-
zon, and as this formation is both dense and continuous it appears to
correspond to a notable episode. Thus, the lower plate or stratum
of tosca strengthens the evidence for an arid or semiarid epoch, fol-
lowing the deposition of the brown, sandy alluvium.

The upper horizon of strongly developed tosca is at the base of
and in the fawn-colored loess that constitutes the upper third or
half of the barrancas. The limey rock occurs in irregular branching
masses that are longer vertically than horizontally and are more or
less separated from one another. The forms and occurrence are
adjusted to the structure of the loess, which is itself irregular and
occasions their irregularity. This horizon seems to indicate an
episode of climatic condition favorable to evaporation—semiaridity—
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but the surface of the ground during that interval appears not to
have differed from the present surface. The writer regards this tosca
zone as evidence of a drier epoch antedating the present relatively
humid one.

Tosca occurs irregularly at other levels or without reference to a
particular level in the loess deposits. Some of it has been displaced
and reburied; some has been washed and rolled. It is evident that
local conditions have favored the deposition of secondary lime at
various times, if not usually, throughout that part of the Pampean
period which is represented by this section. But during two epochs
the relations of surface- and ground-water level were particularly con-
stant for a sufficient time in each case to produce especially heavy
deposits. The first of these epochs coincides with the period of
passage from the alluvial deposition represented by the dark-brown
earth at the base to the period of aridity that succeeded. The second
does not correspond with any time-interval observed in the section,
but with a later episode.

The interpretation of the Barrancas del Norte which the deposits
and contacts suggest to the writer may therefore be provisionally
stated as follows:

The (n+1) episode Brown earthy loess—alluvial humid
The (n+2) episode Wind erosion—tosca formation  semiarid

The (n+3) episode Lacustrine humid

The (n+4) episode Wind erosion and loess deposits semiarid to arid
The (n+5) episode Tosca formation semiarid

The (n+6) episode Black earth humid

In this section Ameghino distinguishes three distinct deposits,
which he has named Ensenadean, Bonaerean, and Belgranean.
The writer likewise recognizes three episodes of deposition, namely,
the (n+1), (n+3), and (n+4) divisions of the above climatic scale.
The criteria on which he bases his divisions are, however, not of a
character to permit him to correlate them with the formations at the
type localities from which they are named by Ameghino. He feels,
moreover, that the criteria by which to distinguish the climatic divi-
sions of Pampean time require further study before complete confi-
dence can be placed in the conclusions.

The characteristics which mark the Pampean terrane in the section
of the Barrancas del Norte may be recognized in numerous other sec-
tions along the coast: For instance, at the Barrancas de los Lobos,
south of Mar del Plata, near Miramar, near Necochea, and also at
Monte Hermoso (a few. miles east of Bahia Blanca). The basal
stratum exposed in the Barrancas del Norte may be traced to the
Barrancas de los Lobos, where it lies in the upper part of the cliffs
above some 10 meters of similar material, which is exposed between
it and the sea. The lower formation is somewhat darker in color
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BARRANCAS DEL NORTE, MAR DEL PLATA
Showing unconformity, due to effects of erosion, between basal bed and deposit of loess.
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than the upper, but exhibits similar evidences of erosion and eolian
deposition. At Miramar and Necochea the formation, which is
exposed in the low bluffs also, consists of loess-like alluvium, the sur-
face of which has been eroded and filled in by wind. Similar char-
acters may be seen at Monte Hermoso and, as shown in plates 2 and 3,
at Mar del Plata. According to Ameghino, the exposure at Monte
Hermoso shows at the base a member of the Pampean terrane which
is even older than the lowest exposed in the Barrancas de los Lobos.
There is nothing in the lithologic or physical characters of the
deposit which would enable one to form an opinion on this point.
Ameghino’s view is based on the faunas of the respective localities.

Whatever the relative ages of the various deposits that are to be
seen in the sea cliffs of the eastern coast may be, they all exhibit the
evidence of identical physical conditions and point to alternations of
humidity and aridity during the time of their distribution.

It is not necessary to pursue in detail the geologic and chrono-
logic problems connected with these older formations of the Pam-
pean, for the present investigation is concerned primarily only with
those formations which are related to the problem of man’s existence
in the region, and the writers have not been able to find any evidence
which would show that he lived during Pampean time. Human
remains have been found, so far as the writers have been able to
observe, only in recent deposits, some of which are classed by them
as the Upper Pampean and others as post-Pampean formations. The
later phases of the Pampean may now be considered.

UrPER PAMPEAN AND PosT-PAMPEAN

To Dr. Santiago Roth the writer is indebted for having pointed out
the distinction between the Upper Pampean and the Middle Pampean
of Roth’s classification, as exposed in sections near La Plata; near
Anchorena, on the Rio de la Plata above Buenos Aires; in the Arroyo
de Ramallo; and at San Lorenzo, near Rosario. Doctor Ameghino
designated as Upper Pampean two deposits seen at and near Mar del
Plata.

All of the deposits which were thus referred to the Upper Pam-
pean are characterized by the features which distinguish eolian loess.
The material is finely pulverent, not firmly consolidated, often colum-
nar in structure; it is light-gray or fawn colored and contains sec-
ondary limestone only in relatively small amount as compared with
the older Pampean formations. It is a formation which obviously
is composed of material eroded by the wind from the older Pampean
and redeposited in favorable localities in the form of eolian drifts.
It does not appear probable, considering the conditions of develop-
ment and the present irregular distribution, that the Upper Pampean
ever formed a widespread mantle in the region of its occurrence. It



28 BUREAU OF AMERICAN ETHNOLOGY [BULL. 52

is distinctly a drifted formation and occurs with the irregularity
which characterizes drifts.

It is doubtful whether we may safely speak of an Upper Pampean
epoch in the sense of a definite division of geologic time. We have
seen that eolian loess occurs as a characteristic constituent of the
older Pampean terranes. The material for the formation of eolian
drifts has been available and winds to erode and redeposit it have
been active in later epochs also. From the time when the earliest
alluviums of the Pampean terrane were formed to the present,
deposits possessing the physical characters of the Upper Pampean
have been developed. Thus it seems impracticable to distinguish an
Upper Pampean formation on physical characters alone. There is
paleontologic evidence, but it rests primarily on the physical, for the
biologic lines of descent can not be established except by observation
of the stratigraphic sequence. Those fossils which have been found
in the superficial eolian loess have been assigned to the Upper Pam-
pean, because they occurred in a position above the older Pampean
and in material having Upper Pampean characteristics. In these
criteria, however, there is nothing by which to distinguish the oldest
Upper Pampean loess from the most recent, and it is not impossible
that the range of time represented by such loess deposits corresponds
with a large part or all of the Quaternary period.

While the writer is thus in doubt as to the stratigraphic and chron-
ologic value to be given the term Upper Pampean, there are cer-
tain relations which serve to set an earliest date before which the
Upper Pampean did not develop in the superficial position in
which it is now recognized. These limiting relations are physio-
graphic and climatic. As will be seen by referring to the description
of the Arroyo de Ramallo, to that of Mar del Plata, and to other
occurrences of the Upper Pampean, the Upper Pampean deposits
occupy peculiar positions in the eroded surface of the older forma-
tions. In so far as this may be generally true they could not have
been deposited until after the surface had been eroded, and the ero-
sion could not have taken place until the older formations had been
elevated above base level. There is thus a recognizable effect of
deformation which intervenes between the Upper Pampean and any
older formation.

The Upper Pampean did not develop, however, immediately after
the elevation of the region. The relations which may be seen between
Buenos Aires and Rosario show that shallow valleys were formed by
small confluent streams that grew out of the Parana and that they
afforded the appropriate locus for deposition of the Upper Pampean.
(Plate 4.) Valley erosion by these local streamlets does not seem
consistent with simultaneous valley-filling by winds. The two seem
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to have been distinct in time, the latter succeeding the former. Thus
we may probably recognize an episode during which the alluvial
plain formed by the surface of the older Pampean was raised to its
present altitude above base level, an episode of humid climate dur-
ing which the drifts of eolian loess, the Upper Pampean, were
deposited. As those drifts are now cut through by the streamlets, a
later episode of erosion is distinguishable, which appears to coincide
with the present time.

“Upper Pampean’ thus gains a certain definiteness as a geologic
term by virtue of the physical relations in which the characteristic
deposits occur, and may have value in systematic classification if it
be limited to deposits formed during that episode of aridity which
preceded the present humidity. The writer has not seen enough of
the field, however, to know whether such a distinction is valid or not,
and it does not appear that the term has been thus critically applied.

Post-Pampean deposits fall into four classes, namely: Lacustrine,
alluvial, dune, and marine formations, all of which are dependent on
topographic features as they now exist. In order to develop the
conditions of deposition, it is necessary to describe the topography and
the Atlantic coast of the pampas with reference to their origin and
stage of growth. We will take up first the topography of the pampas.

The word pampa, signifying ‘“flat plain,” describes the pampas
correctly only in so far as it applies to the general aspect of the surface.
One must look beyond the foreground in order to see the extraordinary
flatness of the pampas. In detail they are not flat, and yet in the
foreground itself there are rarely those inequalities of the surface which
are common in plains traversed by running streams, even where they
are least eroded. The absence of running water and of the landscape
forms which it produces is one of the most striking though negative
phenomena of the Argentine plains. The characteristic surface form
of the pampas is a gentle hollow or an equally imperceptible swell,
each of them entirely devoid of line or sharp accent and each melting
without distinction into the other. A horseman galloping over the
apparently dead level surface sinks partly out of sight like a ship
beyond an ocean swell and remains perhaps below the plane of vision
while he rides a mile or more. A rabbit startled from the grassy flat
1s lost in sameness of color until he suddenly appears in silhouette
against the sky as he tops the swell and beyond it disappears. These
broad hollows and swells have no systematic relation to any structure
of the Pampean earths, nor to any system of drainage. They are
probably related to the prevailing direction of the winds which pro-
duced them, whether such winds be those of the present climatic
episode or were those of a preceding time; but if such a relation exists
the forms which may betray it will be discovered only by careful
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topographic mapping. Nevertheless, the wind origin of the surface
features of the pampas is obvious in the general form of the hollows
and swells. Anyone who has studied a loess-covered landscape knows
the long sweep from plain to mountain which is the characteristic
form of equilibrium that is produced where the wind is deflected
upward from the plain. Like the slope of equilibrium of the beach it
varies in declivity with the material and the force of the moving ele-
ment, and like the drumloid curve produced by ice it is definitely
characteristic of the fashioning medium. The pampas everywhere
bear the impress of the wind which has scoured, hollowed, and molded
their vast flat expanses of fine brown earth. .

The surface which is thus characterized as an effect of wind sculp-
ture is modified along the right bank of the Parana, in what is now
the most humid region of the Province of Buenos Aires, by stream
erosion. A number of small valleys have their rise in the pampa and
extend more or less directly to the river. Those which the writer has
particularly examined are at Alvear and Ramallo; another is crossed
by the railroad near Baradero. These are but examples of similar
valleys of erosion which occasion the frequent up and down grades on
the Ferrocarril Central between Buenos Aires and Rosario. The
Arroyo de Ramallo is characteristic. (Pl. 4.)

The Arroyo de Ramallo debouches into the Parana with a low flood
plain about a kilometer in width. Between 2 and 3 kilometers from
the Parana the little valley is much narrower and is bordered by
steep banks and low bluffs. A kilometer higher up the stream has
been dammed and affords a fall of about 3 meters. Its channel
extends a very considerable distance farther back into the plain, but
only as a shallow talweg. ) ,

The little valleys of which the Arroyo de Ramallo is a type are in
an early stage of development. They are due to little confluent
autogenous streams that have grown back from the Parana into the
pampas and as yet have reached no more than a youthful growth.
Their history embodies, it is true, the early episode of erosion, which
was followed by partial filling with eolian loess, and most recently by
reexcavation of the talweg, but when we consider the softness of the
Pampean earths as opposed to the eroding power of a stream, we are
obliged to recognize that these little streams have accomplished but
a small amount of erosion.

In the photograph shown in plate 5, we see the bank of the Parana
at San Lorenzo, above Rosario. The level Pampean plain extends at
an elevation of 12 to 15 meters above the river and ends in nearly
vertical bluffs, which are scarcely attacked by erosion. Talus is also
wanting and the scarp is very young. It overlooks the wide channel
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of the Parana and the alluvial islands on the farther side, and it is
apparent that the greatriver is corrading—literally cutting away—the
bank faster than talus or gullies can develop. But though the river is
a powerful agent of erosion it has not accomplished a great deal in
widening its flood plain at this favorable point. The work is only
begun. '

In describing the warped surface of the old continent it was stated
that the Parana and the Rio dela Plata occupled a downwarp.
Southwest of their depression the Pampean plain rises very gently in
an upwarp to an altitude of between 30 and 40 meters above sea.
The highest part of the plain lies in a line which trends from northwest
to southeast, some 50 kilometers southwest of Buenos Aires. About
50 kilometers still farther southwest there is another depression whose
axis is approximately parallel to that of the Rio de la Plata and which
is occupied by one of the several salt rivers (Rio Salado) of the coun-
try. This depression constitutes the eastern portion of the Province
of Buenos Aires, in latitude 36°, and is an area in which extensive
drainage canals have been thought necessary. The general elevation
of the plain rises from near sea level to 25 meters in the valley of the
Salado, but there is no perceptible slope and the extraordinary flat-
ness of the surface is such that during the rainy seasons of wet years
rain water has stood over many square kilometers where during drier
years there spread the grassy plain. The channel of the Salado,
meandering through this flat, is shown in the photograph (pl. 25).
It will be noticed that the river is in a peculiar state of equilibrium.
It is not deeply corrading, neither is it aggrading the channel. It
has sufficient fall to carry away the silt which it brings and therefore
does not build up its banks above the neighboring plain, as is the habit
of rivers in their deltas, nor does it appear to be obstructed. Yet its
force is not sufficient to excavate its channel to a greater depth below
the surface than is required to carry its waters. The river may be
said to flow practically at base level. The writer observed these
relations in the vicinity of the stations called Villanueva and General
Belgrano, and noted them as an illustration of a surface which,
although elevated considerably above sea level, and traversed by
streams, does not exhibit any of the features sculptured by running
water. This condition may be attributed to the fact that confluent
streams have not yet developed on the gentle slopes that descend
from the northeast and from the southwest toward the Rio Salado.
Due allowance must be made for the effects of wind erosion, which
has produced very broad and shallow hollows in the plain, in which
the rain waters gather and evaporate instead of running off. Never-
theless, the period of time is short during which such a surface, when
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elevated, may retain its integrity. The drainage systems have not
had time to develop since the Pampean was warped up to its present
position.

Thus observations of the effects of erosion along the Parana and in °
the valley of the Salado show that streams have done very little work
on the Pampean formation. Indeed, the features which they have
sculptured are insignificant. Hence, the elevation of the pampas may
be regarded as recent. If, however, it should appear on further study
that stream erosion has been retarded by the peculiar character of
the pampas to a greater degree than now seems probable, and that
there have been one or more epochs of aridity during which stream
erosion was reduced to practically nothing, there would be reason for
extending the time that has elapsed since the uplifting of the surface,
and it might be that this later history would cover the Quaternary
period.

It has already been stated that those eolian deposits, which are
characterized as Upper Pampean by both Roth and Ameghino, lie in
hollows sculptured in the surface of the Pampean, and the same holds
true for the still younger deposits of alluvium and dune sands. All of
these, including the Upper Pampean, appear to the writer to fall in
the Quaternary. It may or may not follow that the earlier Pampean
formations were deposited during the later Tertiary (Pliocene and
late Miocene), though this is probable; but they also may be in part
of the Quaternary age.

ATLANTIC COAST OF THE PAMPAS

If now we turn from the consideration of the pampas to that of the
eastern coast of Argentina, we must recognize at once that the coast
line has reached its present position by virtue of wave erosion on the
uplifted mass of the Pampean. In order to place this proposition in
its appropriate relations, we may consider the development of the
coast as the result of the attack of the ocean on the inert mass of the
Pampean earths.

A shore is fashioned by waves and currents, driven chiefly by winds.
In the course of their attack they destroy headlands, build bars,
spits, and beaches across embayments, and eventually establish a
coast which is adjusted to and in equilibrium with their activities.
A young coast is distinguished by irregularity, an old coast by
smoothness. On a young coast the wave-cut terraces and sea cliffs
are conspicuous features; on an old coast the cliffs due to wave action
are modified or obliterated by subaerial erosion. It may happen
that sea cliffs cut in enduring rock stand for a relatively long time,
but a cliff of earth, however compact, is a very transient feature.
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The eastern coast of Argentina is composed, to a great extent, of
sea cliffs of the Pampean earths. Many of these are too steep to climb
and are frequently undercut by the waves that beat against the base.
Their height depends on the elevation of the plains and is usually not
more than 10 to 15 meters, but in the Barrancas de los Lobos, south
[ of Mar del Plata, the cliffs attain an altitude of 28 meters. (See
j pl. 6.) Asone walks beneath these bluffs of clay and notes the fallen
masses of earth disintegrating at the foot of the cliff, one can not but
recognize that the present coast line is a transient thing. It evidently
changes measureably from decade to decade and no feature of it can

B b many centuries old. Thus no bank or slope or eroded surface
between the plain and the beach, nor any deposit built upon such a
slope, can be considered to be older than very recent.

The coastal deposits which may be observed along the recent coast
of Buenos Aires are of three kinds: Beach, dune, and coquina forma-
tions. The beaches are deposits of sand formed between the base of
the cliffs and the sea and are usually so narrow that they are covered
by the rising tide. Except as subordinate features at the foot of the
bluffs, they are entirely wanting. Sometimes their shoreward limit
is formed of dunes.

Dunes are conspicuous features. These occur wherever there is a
source of sand and a surface upon which they can accumulate. They
appear to be absent only where the sea cliffs are so steep and high that a
dune can not find lodgment. Even then sand is blown into the hollows
wrought by wind and waves in the face of the cliff, and lies in banks
and festoons which sometimes simulate interbedded sandy strata.
The universal activity of the wind and its efficiency in transporting
sand constitute most striking facts in the present condition of the
coast. The writer’s observations cover particularly the stretch from
Mar del Plata to Bahia Blanca, but the data regarding the direction
and frequency of winds are available for the stretch from Buenos
Aires to Bahia Blanca. In his work on the climate of the Republic of
Argentina,! Davis gives two tables, one for Buenos Aires and theother

P for Bahia Blanca, which embody the results of observations taken
three times daily and referred to a scale of 1,000 monthly observations.
The original data are arranged with reference to the months and eight
points of the compass, namely, north, northeast, east, and so forth.
For our purpose we may group these observations into two classes,
one representing winds which may be said to blow from the sea, and
the other those which blow from the land. The first class comprises
winds from northeast, east, southeast, and south, and the second those

1 Davis, Gualterio G., Clima de la Reptblica Argentina, Buenos Aires, 1909, pp. 41-44.
21535°—Bull, 52—12——3
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from southwest, west, northwest, and north. The figures taken from
Davis’s tables then yield the following:

Buenos Aires Bahia Blanca
Month Ferme b
NE. to S. | SW.toN. | NE.to S. | SW. to N,
B T 7Y o 685 315 389 611
) 201134 1T S T R 593 393 376 624
IO & 2 s o ole o o n e e o lo)e oo e o ala 2 S)jeelolelalolmloi= =l = sietole eteleta 677 323 308 692
TN Dooo0oBbosonnsnosgansadButbonohniabooogaaasfond: 555 445 235 765
MRy oo fe SloTe e lele e el le ofo\ o 1o o <Jo=leieale oiolo]o slelel= o gielolle 446 554 151 849
e R o S S SEPR SN ST 422 578 136 864
T ] T L) 486 514 207 793
AUGUSE. .. e ieereeeicamancccacrasaerasanannnecaacennans 587 413 225 775
[T 037604 10T D 663 337 280 720
(e 1157 Th0000000dosb600880800006000006550000000600000000 703 297 353 647
NOVember. .. ooviiicaiaeeeeaceeaensenanaacanaanas 668 332 376 624
DOCCIDOT. « oo eeeeeeeeeeeenaeeeeemmeeeemeneeees ‘ 646 364 334 666
l
7,131 4,865 3,370 8,630
|

These figures show that at Bucnos Aires the winds blow far more
frequently from the sea than from the land, whereas at Bahia Blanca
the reverse is the case. Davis comments on this fact and states that
if the data were to be given for a number of intermediate stations it
would be seen that the variation in frequency of the winds changes
from north to south in a regular manner in obedience to a physical
law. An examination of the isobaric and isothermal charts for differ-
ent seasons, accompanying Davis’s work, shows clearly the nature of
this law and its relation to the observed variation. According to the
same official source of information, the mean annual velocity of the
wind at Buenos Aires is 15.8 kilometers per hour and there is no
month in the year in which the mean monthly velocity falls below 13
kilometers per hour. At Bahia Blanca the annual mean is 14.9 and
the least monthly mean is 10.2.

The effect of the barometric and thermometric conditions is to
produce winds which, along the northeastern coast of the Provinee
of Buenos Aires, blow prevailingly on shqre, and this condition
extends to a point south of Mar del Plata. The coast then trends
away southwest, while the prevailing direction of the wind veers in
the same direction, but through even a greater angle, so that as we
go from Mar del Plata southwestward toward Bahia Blanca the pre-
vailing winds blow more and more nearly in a direction parallel to
the coast. The effect of these relations on the work of the wind is
seen in the distribution of sand dunes, which become high and
numerous and occupy a relatively broad belt along this shore where-
ever the sea cliffs do not prevent.

By reference to the local description of the coast northeast of
Necochea it will be seen that there are older and younger dunes, which
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clearly belong to different episodes of development. The older ones
lie inland in a zone behind the younger. They are grass-grown and
sink away to low mounds till they merge into the plain. Where the
drainage is ponded behind them there are little lakes. Beneath
them is a layer of black earth representing the soil of the former
plain over which the dunes advanced with the advance of the sea
upon the coast. The younger dunes are composed of moving sand.
They rise directly from the existing beach, to which they are obvi-
ously related, and form a zone a kilometer or more in width. They
vary from less than 10 to more than 20 meters in height, rise in a
long, wind-wrought curve from southeast to northwest, and on the
northwest side are as steep as the sand will lie.

At the mouth of the Rio Quequen, near Necochea, the dunes are 12
to 15 meters high and advancing from the southwest have pushed
the river northward so that it flows through a restricted channel
beneath a cut bank in the loess 12 meters high. At Monte Hermoso
the zone of large grass-grown dunes is 3 to 5 kilometers wide, and the
dunes themselves attain a height of 25 meters or more above the sea.
Monte Hermoso is a dune 27 meters in height, the upper 20 meters
being sand and the base consisting of the Monte Hermoso formation.
These brief descriptions will suffice to indicate the effective work
which is being accomplished by the wind along this stretch of coast,
and to make it clear that the dunes are a strictly coastal formation
dependent on the proximity of the sea, formed from the beach sands,
and moved by the winds whose prevailing direction depends on exist-
ing relations of land and sea. More detailed descriptions are given
in the accounts of the specific points visited.

The cogquina which forms on the eastern coast of Argentina is
intimately related to the dunes in origin, since the wind is the chief
agent in its production. But, whereas the sand dunes are developed
by the more regular winds, the coquina is the product of the storms.
It consists chiefly of broken shells mingled with sand and gravel, but
includes also any pebbles or other large objects, such as bones, which
may happen to occur with the sand. It is usually more or less
indurated, and this character, together with the fact that it contains
fragments of fossils identical with those which occur in the under-
lying Pampean, has led to its being considered a Tertiary formation.
The writer regards it as strictly equivalent in character and origin
with the coquina of the Florida coast, in regard to which we may
quote the following description:!

““One of the most common of the marine Quaternary deposits is the
coquina which occurs at various points along the coast. This con-
sists of a mass of more or less water-worn shells cemented by calcium-
carbonate. The amount of cement is seldom great enough to close

' 18ellards, E. H., State Geologist, in Second Annual Report of Florida State Geological Survey, 190809,
P. 153,
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the openings between the individual shells, though in some localities
the process of cementation has proceeded far enough to produce a
rather compact fossiliferous limestone. There is usually more or less
sand present, which is commonly in the form of thinlamine separating
the shell beds, and various gradations from sand rock to shell rock
may be noted along the Florida coast.”

Sellards quotes from an account published by James Pierce in 1825, -

in the American Journal of Science:

“Extensive beds of shell rock of a peculiar character occupy the
borders of the ocean in various places from the River St. Johns to
Cape Florida. They are composed of unmineralized marine shells
of species common to our coast, mostly small bivalves, whole and
in minute division, connected by calcareous cement. I examined
this rock on the Isle of Anastasia, opposite St. Augustine, where it
extends for miles, rising 20 feet above the sea and of unknown depth.
It has been penetrated about 30 feet. In these quarries horizontal
strata of shell rock of sufficient thickness and solidity for good build-
ing stone alternate with narrow parallel beds of larger and mostly
unbroken shells, but slightly conneeted. - - - The large Spanish
fort and most of the public and private buildings of St. Augustine
are constructed of this stone. The rock extends in places into the
sea with superincumbent beds of new shells of the same character.”

In the report from whieh these quotations are given the Quaternary
is divided into Pleistocene and Recent and the coquina is placed in
both Pleistocene and Recent, along with beach sands and eolian
deposits. The various deposits of coquina along the coast have
repeatedly been observed and studied by both Dall and Vaughan,
and their Quaternary age has been determined by these observers.

From the example of the coquina of the Florida coast we learn that
indurated formations may be even as modern as the Recent epoch.
They may also be Pleistocene, and the question of age determination
depends in a large measure on their relation to other formations or
to physiographic features. Paleontologic evidence also has bearing,
but there are two conditions which may qualify it. The life range of
species may cover the time of development of different masses of
coquina which are physiographically distinguishable, for the move-
ments and accidents of coastal development are constantly affording
new and different conditions under which shells may be assembled
and cemented. Again, in case a coquina contains remains of both
living and extinct species, the latter belonging to an older formation
from which they may be derived, we can not accept with any confi-
dence the evidence of these older fossils as to the age of the coquina.

The coquina of the Argentine coast may then be studied with
refercpce to its constitution, hardness, and the capacity of existing
agencies to cement it; in regard also to its relation to the existing
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coast line and the special features thereof; and finally as to the fossil
content.

The Argentine coquina is composed, in the several places where
the writer observed it, of materials derived directly from the adjoining
strand. The sand, the pebbles, the larger stones, and the shells are
all identical, so far as they possess similar characteristics, with those
which make up the latest beach deposits. The sand is both white
and black, being composed of grains of quartz and of various dark
grains derived fromr volcanic rocks. The pebbles are in large part
those which have been styled ‘‘Patagonian,” because they are the
same as those which form the widespread pebble deposit of the
Patagonian plateaus. They are brought along the shore by the pre-
vailing northerly drift of the inshore currents. The shells and shell
fragments are those of thick-shelled bivalves which occur in limited
quantities on the beach and live in adjacent waters. Thus, as
regards constitution, the coquina is identical with the beach.

The physiographic relations of the coquina are definite. It occurs
only in immediate relation to the present coast within reach of the
waves or spray. It usually lies at the beach level. In one case,
however, namely, at the mouth of the Arroyo del Barco, to the
south of Mar del Plata, the coquina occurs up to a maximum alti-
tude of 9 meters above the beach; and again at the Boca del Moro,
north of Necochea, it was observed just above the modern beach,
lying in a slope continuous with the beach, but eroded by gullies.
At the Arroyo del Barco the coquina lies in an angle of the coast, at
the head of the Playa de Peralta, where it is open to the storm waves
of the Atlantic and at a point where the converging shores concen-
trate them and give them exceptional force. At the Boca del Moro
the occurrence of the coquina may be within the reach of an unusual
storm, but it is not unreasonable to postulate that the shore currents
have built out the sandy beach and have thus widened the strand
sufficiently to remove the zone of former wave action from that
of the present breakers. Another occurrence of this formation is
on the slope of Punta Porvenir, south of Mar del Plata. It there
consists of a mingling of sand and loess and extends from the low
bluff back of the beach to a distance of 110 meters from the shore,
that is to say, to the limit which may be reached by spray from the
storm waves breaking on the prominent point. It was in this deposit
that the Ameghinos found the carapace of a glyptodon associated
with hand-worked stones. Just north of Punta Piedras at Mar del
Plata the coquina occurs on the beach in the lee of the quartzite
point, where the waves have washed in the material which goes
to make up the conglomeratic and pebbly deposit. It also consists
largely of shells and is cemented by lime. A peculiar interest
attaches to it because it appears to underlie a portion of the bluff,
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which is here composed of eolian loess. This loess is assigned to
the Upper Pampean and still greater age is allotted to the coquina
beneath it. The coquina is not to be seen in section beneath the
loess, but is said to have been struck in numerous wells that were
put down through the bluff. This lee, or sheltered place, behind
which the coquina occurs, was produced when the waves cut out the
little bay that is now protected by the quartzite of Punta Piedras,
and the eolian deposit, like the coquina, is genetically related to
the present strand line. -

The fossil content of the coquina is well known to consist of shells
of living species, but is said to include also shells and bones of extinet
species. A number of specimens brought by the writer from the
localities where he examined the coquina, between Mar del Plata
and Necochea, contained shells of living species only. In one
fragment a shell of an extinet species was found; the specimen
came without a label and the locality from which it was derived
could not be identified with certainty.

In the coquina at Arroyo del Bareo, Doctor Hrdlicka and the
writer observed a bone which was too firmly imbedded in the rock to
be secured, but which appeared to be a jaw or pelvis, possibly of
an ungulate. Ameghino stated that the formation contains bones
of extinct species peculiar to the Pampean formation (Ensenadean)
upon which it rests. In view of the fact that the coast is eroded
from this same formation and that any bones contained in it must
be washed out and swept along with the beach sands and gravel,
it is to be expected that the more massive ones or portions of them
may have become imbedded in the coquina. It is said that delicate
or articulated bones have been found in the formation. They could
hardly survive in such a deposit as that at the Arroyo del Barco,
as it is composed of very coarse material which could be moved
only by use of considerable force, but the mingled loess and sand
of Punta Porvenir might bury lighter objeets, either weathered out
upon the surface of the underlying Pampean or contemporaneous
with the recent deposit. Thus the carapace of the glyptodon
found on Punta Porvenir may be a fossil from the older Pampean
(Ensenadean) or it may indicate the survival of that species down
to the recent time when the coast developed in its present position
and the eolian deposit was formed. In this case the paleontologic
evidence must derive its significance from the more direct and
unequivocal stratigraphic and physical relations.

SuMMARY OF GEOLOGIC RELATIONS.

In the preceding pages the facts which the writer regards as most
essential to an understanding of the geology of the region under
review have been briefly sketched. They may be summarized as
follows:
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1. Beneath the Pampean is an ancient land surface which was
formerly a plain or nearly so, it having been long subjected to ero-
sion. The plain subsided and became covered with the alluvium
of rivers which brought silt from the north and especially from the
west. The rate of subsidence and the rate of sedimentation were
related to one another somewhat as they now are in the Mississippi
embayment, so that the surface of the river deposits remained
above sea level although the mass was sinking. Marine deposits,
therefore, do not enter the area.

2. The alluvial deposits constitute what is now called the Pam-
pean terrane. They resemble the deposits which are made by the
Hwang River in the delta plains of eastern China, and which consist
of eolian loess redistributed by river action. The loess of China
originates in the deserts of central Asia, and by inference the Pampean
earths originated under similar arid conditions. The lands to the
east of the Andes now have an arid climate because the high moun-
tains dry out the western winds. If this hypothesis of the origin
of the Pampean earths be valid there is a relation between the Pam-
pean and the Cordillera, since the elevation of the Cordillera was
required to establish the genetic conditions for the production of the
loess that was subsequently deposited as the alluvium of the Pampean
terrane. By this hypothesis it seems probable that most of the
Pampean is of late Tertiary age, but there is nothing in the process
of deposition which precludes Quaternary age for the later part of
the formation.

3. During the deposition of the Pampean terrane eolian processes
involving erosion and redeposition were certainly active. They
appear to have been particularly active at certain epochs which
alternated with others of dominant fluviatile action. This alterna-
tion may have been local and have occurred in different places at
different times, but the phenomena as they are displayed in the
sections on the eastern coast of Argentina suggest that there were
one or more epochs when wind erosion prevailed over a wide area
and was favored by some special climatic condition, such as aridity.
The deposition of secondary limestone appears also to indicate
climatic variation, and the two lines of evidence—wind erosion and
limestone deposition—appear to coincide in their indications. Hence
it is inferred that Pampean history has been varied by climatic
change, and it is suggested that the ultimate subdivision of the
Pampean terrane into distinct formations will be based on climatic
variation. The writer has not formed any opinion as to the rela-
tions which might exist between such a classification and any of
those which may have been published. It would seem probable,
however, that no attempt to classify the Pampean terrane, a mass
of lenticular alluvial deposits produced by several rivers, according
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to the methods that apply to more uniform marine strata, could
be successful.

4. The criteria by which the several more or less theoretie
divisions of the Pampean have been distinguished are primarily
lithologic—composition, texture, compactness, structure, and the
proportion of secondary limestone or tosca. The differencesin these
characters are not marked. At first the writer did not easily recog-
nize them. Eventually he saw them without difficulty, but he did
not learn to rely on them as a means of classification. It seemed
to him that local conditions affecting the source of the material
and the character of the deposit might be more influential than
the greater or less age of the formation. It was apparent in clearly
exposed sections that deposits of distinet epochs might occur in
the same plane in close proximity or in contact with one another.
Sections are few and the distances between them are great. Under
these conditions the subelassification of the Pampean is a problem
of extreme difficulty, in which there is great liability to error.

5. If we turn from the physical to the palcontologic criteria as a
means of classification, we are confronted with the fact that the
sequence of faunas can be determined with certainty only when
we know the sequence of formations. But, inasmuch as we do not
surely know the succession of Pampean formations, we can not have
confidence in any theoretic development of faunas. There is urgent
need in this matter to withhold judgment and to preserve a conserva-
tive attitude of agnosticism in regard to the relative age of hypo-
thetic divisions of the Pampean terrane and the supposedly distinet
faunas.

6. Among the divisions of the Pampean which have been proposed
the distinction between the Upper Pampean and all older formations
of the terrane seems to be one of the safest. In many places there is
a distinct unconformity beneath the deposits of the Upper Pampean,
which is a result of uplift and erosion. Elsewhere there is entire
conformity, as, for instance, at San Lorenzo on the Parana, and
apparently continuous deposition from the older Pampean up into
loess deposits of the Upper Pampean type. This is not surprising,
for the surface of the pampas is now and has been in the past suffi-
ciently warped to bring about conditions of erosion in one locality
concurrently with those of continuous deposition in another. The
Upper Pampean is identified lithologically as an eolian loess. It is
eolian not only in texture and structure but also in distribution, and
occurs generally in drifted deposits rather than as a widespread
stratum. - The conditions for its formation may have been peculiarly
favorable during some recent epoch of aridity, and if so the formation
would acquire a certain unity and individuality. But the writer is
satisfied that not all of the irregularities of the surface which gave
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rise to wind eddies, nor all of the loess drifts that accumulated in
them, can be assigned to a single epoch. He believes that the deposi-
tion of various local deposits of the Upper Pampean type has been
distributed over a considerable interval of time and is still going on.
If so, fossil remains found in them may be similarly distributed.

7. Although the pampas may be described as elevated plains, they
have suffered but very little erosion. The development of valleys
is in an incipient stage. There are extensive areas which are not
drained by streams, and the characteristic topographic form is a
shallow wind-scooped hollow. The flatness of the surface and the
meagerness of the rainfall undoubtedly retard the growth of erosion
channels, but the Pampean loess is easily eroded and can not long
have been exposed at the elevation and with the slopes which it now
exhibits, without dissection. Hence it is inferred that the elevation
is a result of recent warping. Some of the Upper Pampean deposits
occur in the incipient valleys tributary to the Parana. The valleys
are consequent on the slope due to elevation, and are therefore
younger, and the Upper Pampean drifted into the valleys is younger
still.

8. The coast of Argentina presents a line of sea cliffs and beaches
which are being vigorously attacked and are in process of constant
changes. The sea is constantly eroding the land, and the coast line is
geologically a very transient feature. It must shift from century to
century to a perceptible degree and can not have occupied its present
position at most more than a few thousand years. Upon this shifting
shore the winds and waves have built certain equally temporary
formations, among which the dunes are the most conspicuous and the
coquina is the most interesting, at least in the study of man’s supposed
antiquity. The physical evidence of the relation of the dunes and
the coquina to the recent coast line is definite and positive. Those
formations are as recent as the coast line is, and any organic remains
found in them, whether human or otherwise, or any artifacts which
they contain as contemporaneous deposits, must also be recent. The
only exception to this conclusion is found in the possibility that
fossils weathered out of older formations may become incorporated
in the younger.

REPORT ON SHELLS COLLECTED BY BAILEY WILLIS AND A. HRDLICKA
IN ARGENTINA

By Wu. H. DarL
Geologist and Paleontologist, U. S. Geological Survey
The following is my report on the shells brought [by Dr. Hrdligka

and Mr. Willis] from Argentina and submitted to me for de-
termination. The age of the various beds from which the speci-
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mens come is difficult to estimate, as the shells prove to be all of
recent species, that is, species still having, so far as knowp, living
representatives. There is one specimen without label, and it proves
to be the only one carrying an extinet species.[']

Detailed notes:

05 55
Current | National Locality Observations
numbers [ Museum
numbers

1 5352 | Arroyo del Barco, south of Mar del [ The shells in this lot comprise Glycymeris

Plata, Arzentina, May 31, 1910. longior Sowerby, Futivela perplexa
Stearns, and Olivancillarie auricularia
Lamarck, all recent species.

2 5353 | Mar del Plata, Pta Piedras, southeast | Mactra patagonica and Orbigny and
side (““ Inter-Ensenadean’). Glycymeris longior Sby.

3 5354 | Punta Porvenir, south of Mar del Plata | Qlycymeris longior Sby.
typical “ Inter-Ensenadean’).

4 5355 | Mar del Plata, 8 miles south of theeity, | Indurated beach gravel contalning frag-
on the plain back of the seabeach, ments and worn valves of Glycymeris
southwest of Pta Mogote, May 25, longior Sby., and Mactra patagonica
1910, Orb., later bored by Lithophaga and

perhaps other boring bivalves.

6 5356 | L.os Falos, La Plata................... Loose sand with valves of Mulinia isa-

belleana Orb., Venus tehuelea Orb.,
Tagelus platensis Orb.; Petricula sp.,
Paludestrina sp., Columbella sp., and
Buccinanops gradata Desh.

8 5358 | Arroyo del Barco, south of Mar del | Similar to the last but indurated, the
Plata (“Inter-Ensenadean’’), May fragments somewhat larger and many
31, 1910. of them derived from sessile barnacles.

9 5359 | Mar del Plata, north side II. W. (“In- | Glycymerislongior Sby.
ter-Ensenadean”’).

10 5360 | Mar del Plata, north of mouth of Ar- | Venerid shell, decorticated but resem-
royo de Peralta, May 25, 1910, H, W, bling Venus tehuelca Orbigny, now

living.

11 5361 | South of Mar del Plata, on thesouthern | Worn valves and fragments of Glycymeris
side of Pta Mogote, about one-half longior Sby.
mile from the lighthouse®May 26,

1910.

29 5371 | Mar del Plata, Argentina, 8 milessouth | Blackish sand and earth with a few

of city, at Punta Mogote. minute apparently recent land shells
S and Th phora (2),some of
them quite fresh.

30 5372 | Miramar, sea level coast } mile south | Myriads of a single species Paludestrine,
of the bathing houses; shell marl of which agrees with figures of description
fresh-water lake, supposed by Ame- of P. parchappii Orb., which that
ghino to be Lujanean, June 1. author states Inhabits nearly all the

streams and lakes of Argentina.

12 5362 | Lake deposlt from mouth of Rlo | Paludestrina sp. and Bulimulus sp. both
Quequen. probably recent, but perhaps unde-

seribed.

7 5357 | Necochea, plain by the sea, 25 feet | Loose sand containing minute worn frag-
above high tide, June 5.1910. meuats of shells, probably bivalves.

13 5363 | “Inter-Ensenadean,” Boca del Moro, | Tegula corrugata Koch ( Tegula patagonica
northeast of Necochea. Orb.).

! Label lost during transportation; sp. from the coast, but the exact locality can not be ascer-

tained.—A. H.

Dinitizoar
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Current
numbers

W87
National
Museum
numbers

Locality

Observations

14

15

16

17

18

19

20

21

24

5364

5365

5366

5367

5368

5369

5370

“Magdalena” (Necochea).............

Terreno Guerrico, from black earth
above tosca. (Necochea).

Mouth of Rio Quequen, Necochea,
from barranca said by Ameghino to
be Ensenadean, more than 1 meter
below considerable, irregular layer of
tosca.

No label

Coast 25 miles north of Necochea, near
the beach; so-called Eolian phase of
“Inter-Ensenadean’” of Ameghino,
from beneath heavy layers of tosca;
at first identified by Ameghino as
‘“Ensenadean,” but distinguished
by black sand greins.

Mouth of Rio Quequen, Necochea,
fresh-water deposit forming barranca
on north side, June 9,1910.

Coast 25 miles north of Necochea, bluft
5 feet above beach; loess of the
‘““Ensenadean’ of Ameghino from
Justbelow thatcalled ¢‘Inter-Ensena-
dean’’ (contact not seen).

Necochea, Argentina; plain by the sea,
25 feet above high tide, 200 yards
southwest of hotel; superficial harder
layer of ‘‘Inter-Ensenadean’’ forma-
tion beneath which the human skele-
tons were said to have been found,
selected by the man who dug up the
skeletons.

Coast 25 miles north of Necochea near
Laguna Malacara; sand with shéll
from digging near the hole where
skeletons were found in same mate-
rial, June 7,1910.

Coast 25 miles north of Necochea, near
Laguna Malacara near beach; so-
called ‘“marine Inter-Ensenadean”
of Ameghino; hard coquina.

Coast 25 miles north of Necochea, near
the beach; tosca from ‘“Inter~
Ensenadean,” June 8, 1910.

Coast 25 miles north of Necochea, 15
feet above beach; so-called ‘‘marine
Inter-Ensenadean;’’ coarse sand, cal-
careous cement holding larger
tosca pebbles.

Diqitiz / |

Indurated shell fragments of Venus
tehuelce, young Mulinia sp., Palude-
strina sp., probably estuarine assembly.

Valve Glycymeris longior Sby. *®

Bulimulus sp. (recent).

Indurated calcareous sediment contain-
ing valves of the extinet Erodone (or
Azara) prisca von Martens; probably
Pleistocene.

No shells; loess well indurated, with
scattered water-worn pebbles; many
root holes.

Looks like loess but shows no root holes;
no shells.

No shells; indurated fine white sand
with numerous root holes,

No shells; material like the last.

Contains a fragment of Glycymeris longior
Shy.

Conslderably bored by marine worms or
Cliona,; contains Tegula corrugata Koch,
and fragments of other shells.

No shells.
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U.S.

mﬁené 1)}?3903;1 Locality Observations 3.
numbers

26

31

Necoches; plain by the sea 25 feet
above high water, 200 yards west of
hotel; tosca In recent sand, same as
last material, June 5, 1910.

Necochea, Argentina; plain by the sea
25 feet above high tide, 200 yards
west of Necochea Iotel; selected by
Ameghinoas ‘ typical Inter-Ensena-
dean,”” June 5, 1910.

No shells.

No shells, except fragments of scssile
barnacles, and unrecognizable shell
sand.

As already noted, the only sample containing a species not now
living (so far as known) in the region is No. 17.

Digitized by Microsoft® : ;
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IV. TIERRA COCIDA; SCORIZE

By Bamwey WiLus

Tierra cocida, or burnt earth, occurs in the Pampean terrane at
various horizons, as shown by the researches of Ameghino, Roth, and
others. The material resembles brick, or in places scoria, and
occurs commonly in the form of small pebbles. Occasionally larger
masses have been found. Ameghino has described the tierra cocida
with accuracy and in great detail. Through his courtesy the writer
has beenable toverify the descriptions by examination of the original
specimens, which form part of the collections of the Museo Nacional
at Buenos Aires.

The burnt earth varies in character and color from brown or fawn-
colored loess, through various tints of pink or brick to dark iridescent
or black scoria. Some specimens are of close texture, like a fine-
grained brick, but the scoriaceous specimens are very porous. It
occasionally contains impressions of strongly ribbed grasses, and in
rare instances includes bits of carbonized grass stems, little bones,
and other things of organic origin. There are also specimens which
are distinguished by a dark color and slaggy appearance. These
are heavy, though scoriaceous, resemble volcanic scoria, and have
been described as such. They have been found mainly on the coast
of the Province of Buenos Aires, where volcanic scoria may occur
as wash brought along the coast from tuffs in the territory of Rio
Negro. It is important in considering their character and origin
to distinguish between those which are washed up on the beach
and those which occur in the Pampean terrane, as will appear
presently.

The writer collected specimens of the so-called tierra cocida in
company with Doctor Ameghino and Doctor Hrdli¢ka on the eastern
coast, with Roth at Saladillo near Rosario, and alone in the delta
of the Rio Colorado south of Bahia Blanca. The last-mentioned
occurrence is modern, while the others pertain to the Pampean ter-
rane. Brief descriptions of the observations made in the course of
this work will be found in the following pages.

On visiting Saladillo with Doctor Roth, a section of the dark-brown
loess loam, which Roth classed as Upper Pampean, was found

45
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exposed by the little Rio Saladillo where it issues from a small
reservoir. Thirty to forty meters from the reservoir and close to
the stream is a layer 30 em. thick, composed of the brown earth
with many little pebbles the size of a pea, more or less. Most of
these consist of secondary limestone or tosca, but pebbles of burnt
earth are not uncommon. They are precisely like little water-
worn fragments of brick. On following this horizon down the
valley, other bits of burnt earth were found, including one 2 em. to
3 cm. in diameter. All of these were imbedded in the Pampean
earth. They exhibited no impressions and contained no inclusions
which might give a clue to their origin.

On the eastern coast, near Miramar, the sea cliff affords a section
of the Pampean terrane, in which Ameghino identifies two forma-
tions, the upper one of which he calls Ensenadean and the lower
one Chapalmalean. The latter is a brown ferruginous loess-loam
and forms the lower part of the bluffs. Init, at a height of 1 meter
above the beach, 8 kilometers north of Miramar, occurs a mass of
distinetly reddish, orange, and blackish earth, not bricklike, which
contrasts with the surrounding brown loess-loam. Its horizontal
length is about 1 meter; its thickness is 30 cm. The upper surface
is irregular and there are small isolated masses of the red surrounded
by the brown clay. The principal mass of red clay is 60 em. long
and 10 cm. thick. It is banded in various shades of red. At the
bottom it is distinguished by a sharp contact, where it passes in
the distance of approximately a millimeter from the red into a
larger, dark-brown and black mass that fades away below into the
brown loess.

The red earthisa portion of the loess loam, which has been dehy-
drated. The darker brown color is also due, in all probability, to
a peculiar condition of the iron oxide. The black, which occurs
chiefly, if not exclusively, on joint planes in the clay, is caused by a
film of specular iron oxide. :

This coloring might have been occasioned by a fire burning on
the surface that is now red. Similar effects of dehydration oceur,
however, not infrequently as a result of a slow process of chemical
change, without heat, producing more or less distinct ferruginous
nodules. Fine ferruginous clays in which capillary moisture circu-
lates are favorable to the reaction. This is undoubtedly the expla-
nation of ‘the particular occurrence observed in the Chapalmalean
north of Miramar.

In contrast to the preceding fogén, which the writer does not
class with the tierra cocida, there are certain specimens found
somewhat nearer Miramar, but also in Pampean terranc—whether
in that portion which Ameghino would class as Chapalmalean or as
Ensenadean, the writer is not sure. The specimens are small pieces of
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red tierra cocida, and distinct masses of heavy black scorie ranging up
to 8 or 10 cm. in diameter. The latter resemble an opaque slag, im-
perfectly fused, and cooled from a pasty state into irregular individual
lumps. Each specimen of the four that were gathered was complete
in itself, not a fragment of a larger mass. They occurred imbedded in
homogeneous loess, in which they were in place, like pebbles in shale.
Judging from their genefal appearance that they might be of volcanic
origin, the writer carefully noted that they were not washed up on
the beach and buried in a recent deposit of the loess. They occurred
in the undisturbed Pampean, and if they were volcanic would dem-
onstrate that scoria of appropriate character had existed in a place
from which these masses could have reached their present position.
According to Mr. Cross, whose opinion is quoted below, they are
probably not volcanic. This inference therefore fails but it is still
possible that scoriz of volcanic origin should be found in this locality,
as they occur along the same coast farther south, and tuffs and
basalts cover a large area in the territory of Rio Negro near the
Colonia Valcheta and elsewhere, as observed by Sefior Moreno in
1873-74. Masses so derived and washed along the coast would
occur only in modern formations, for the present coast is modern.
During the Pampean epoch the shore was farther east and the
coastal wash could not have reached this position. Hence the
importance, above referred to, of distinguishing the precise relations
in which any such supposed volcanic scoria occurs.

Mr. Whitman Cross, of the United States Geological Survey, reports
as follows on the specimens collected from this locality near Miramar
and submitted to him:

“Among the explanations of the occurrence of ‘tierra cocida’ in
the Pampean is one advanced by early writers, as quoted by Ame-
ghino, to the effect that burning grasses had calcined and fused the
loess. To investigate this suggestion the writer burned several
heads of the great Pampas grass or cortadera, both growing and dead.
The growing tussocks consist in the winter season of a large, almost
solid head, which is green, and of dried leaves. The latter burn
readily down to the green head, but the fire does not reach the ground.
When cortadera is dead the head also burns and the fire lasts a num-
ber of hours. A large plant, fired at 5 o’clock of an afternoon, was
still a glowing mass at 7 the next morning. The effect on the under-
lying earth was, however, slight. The loess was reddened to a depth
of 10 millimeters, more or less. It was not calcined to a bricklike or
scoriaceous mass. The ground was dry at the time. The fire had
been intense and had burned 14 hours. It had, however, been prac-
tically on the surface, and the writer infers that superficial heat does
not notably calcine loess.”
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A different result follows when the grass and loess are intimately
mingled. Esparto is a grass which sends up blades from root-stocks
below the surface. The blades grow close together, catch more or
less dust between the stems, and become partly buried to a depth
depending on local conditions, perhaps 10 or 15 c¢m. or more. When
esparto burns, the loess about the grass stems is calcined down to
and around the roots below the surface of the plain. The writer
observed an instance in the delta of the Rio Colorado. A bright-
red spot in the greenish-brown plain attracted attention. On riding
to it, it was found to be an area a hundred meters more or less in
diameter, where the esparto, which grew in tufts all about, had re-
cently been burnt. The stems and roots were burned out, leaving a
spongy mass in which a horse sank to his fetlocks. It was composed
of thoroughly caleined earth, varying in color from pink to brick-
red, in part scoriaceous. Coherent masses 10 cm. or more in diameter
could be picked up, but they were penetrated in every direction by
hollows formerly filled by the stems and roots, and were very fragile.
They carried impressions of grass stems, bits of carbonized grass,
etc., and in these respects corresponded with specimens obtained from
the Pampean by Doctor Ameghino and described by him.

These observations lead the writer to give weight to the views
of those early observers, who attributed the tierra cocida of the
Pampean terrane to the burning of grasses.

There is nothing, however, to connect the burnt earths of the
Pampean with man, so far as the occurrences were observed by the
writer. Any fire whatever, whether originating in spontaneous
combustion, in lightning, or in other natural conditions, independent
of man, would have the effect of burning the earth under favorable
conditions. In order to prove that man maintained a fire which
burned a particular mass of tierra cocida it would be necessary to
bring independent evidence of his handiwork. Two classes of faets
have been cited to demonstrate his agency: The presence of supposed
artifacts and the arrangement of a mass of burnt clay; chief among
the former are split, broken, or scratched fragments of bone, and
it appears to the writer that these may be referred, with greater
probability, to weathering, biting, gnawing, and accidents incident
to the wanderings of bones, as strata were eroded and redeposited.
Certainly the proofs of man’s agency should be uncontrovertible and
the possibility of explanation by other than human action should be
positively excluded, before the conclusion that he intentionally or
incidentally burned the earth can be accepted.

This critical test should be met equally by occurrences where the
mass of burnt earth and its relations to the surrounding unburnt
loess suggest that man built and maintained a fire over the spot:
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Dehydration by slow chemical change produces a red mass, which
may grade by color variation into the brown loess, simulating the
effect of heat. But the red earth thus produced is not hard like
brick. The occurrence observed 8 kilometers north of Miramar is a
case in point. If an unquestionably burnt earth should occur in
place in the Pampean in a notable mass, it would be necessary to
prove that man gathered the fuel and maintained the fire, for the
accidental burning of matted vegetation buried in the earth would
produce the same effect. The hills of Dakota and Montana in the
western United States are banded by red clays burnt to the consist-
ency of tile by the combustion of lignite beds, without the agency
of man, and what occurs in that region. on an extensive scale may
well have taken place on the pampas from the combustion of matted
masses of grass.

The specimens of tierra cocida and scoria collected by the writer
and Doctor Hrdlitka have been submitted to the Geophysical Labo-
ratory of the Carnegie Institution of Washington for an exhaustive

investigation of their physical characters and conditions of origin,

which Mr. F. E. Wright of that laboratory has kindly agreed to make.
His report on the subject will doubtless form the basis for further
discussion.

Nores BY ALES HrpLICKA

The writer has recorded a number of personal observations on the
subject of the tierra cocida which will serve to supplement the
preceding. :

The present coast of the Province of Buenos Aires, north of Bahia
Blanca, is devoid of forests, and very poor in wood of any kind, nor
are there any indications that it was more favored in this respect at
any time during the formation of the Pampean deposits. In conse-
quence it is probable that there has been always a dearth of fuel.
This doubtless led to the habit, common in the region to this day, of
naking fire, where it could be made at all, in small, usually quadran-
gular excavations in the ground, about 4 to 8 inches deep. A number
of these holes were examined by the writer. The ground lining the
hole was generally found blackened, and where the heat had been
more intense, there was some reddening of the earth beyond the black-
ened surface; but both the blackened and the reddened soil (where the
latter existed) crumbled readily in every instance, showing but little,
if any, cohesion. Nothing was found even remotely resembling Pam-
pean tierra cocida specimens thought by some to demonstrate the
presence of man. In oneinstance, at the Laguna de los Padres, some
miles inland from Mar del Plata, the remnants of two particularly large
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and intense fires were observed which had been fed, as seen from the
unburned pieces, by large quantities of dried branches of the hard,
thorny brush growing in that locality. One of these fires was on the
surface and represented merely the burning of a pile of brush; the
other, probably remade a number of times, was in and about a hole
in the ground, such as described above, and filled with ashes and
bones. Fires of this size are exceptional, and it is in the highest
degree improbable that they would ever have been equaled among
the aborigines; yet even here there was no approach to a production
of tierra cocida, or scoria. The surface fire acted on the black veg-
etal soil; that in the hole principally on the yellowish loess. In
both cases there was superficial blackening, and beyond this some
obscure reddening of the soil to a maximum depth of approximately
1} inches, but no baking to cohesion. All this indicates the improba-
bility, if not the impossibility, of the production by the fires of prim-
itive man of the tierra cocida, or of scorie, such as were seen in the
Argentine museums or were collected on the expedition.

A variety of stout grass, growing in big bunches and known, from the
sharp, cutting edges of its blades, as paja brava or cortadera (Gynerium
argenteum) occurs in many localitiesin Argentina. The burning of this
grass has been reported by Descalzi, Romero, and Ameghino (see
Bibliography) as resulting in the production of baked earth and
scoria. During the writer’s trip to the Puerto San Blas, this grass
was found in spots among the dunes south of San Blas, and instances
were seen in which the dried bunches had been burned. In every
one of these cases, however, the heart of the bunch was still alive
and there was no burned earth or scoria. Men on the ground said
that only rarely will one of these bunches die, in which case, if fired,
it burns out; but no one has observed anything resembling the
tierra cocida or scori@ ascribed to them. This shows that the ordi-
nary burning of cortadera is not (at least not commonly) asso-
ciated with produects such as those under consideration. .

Small particles, and occasionally larger masses of tierra cocida
were found by Mr. Willis or the writer in a number of localities along
the coast from northeast of Miramar to Monte Hermoso, and were
relatively abundant in the deposits exposed in the barrancas at the
former locality. They occur at different depths from the surface, to
below the sea level at ordinary low tide. The pieces collected are
all compact, with the exception of two or three that show on one side
a_transition to scoria. While there is a general resemblance, they
all differ in aspect and weight from the very porous, light products
of the burning of the esparto grass, collected by Mr. Willis on the
Colorado.

Large masses of tierra cocida are called fogdnes (fireplaces) by the
local investigators. One of these, about 3 paces long and propor-
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_tionately broad, was reported by one of the natives employed by
Professor Ameghino for watching the coast and collecting fossils, to
exist off the barranca of Monte Hermoso, but it became exposed
only at the lowest tide and could not be examined. None of the
few observed cases in which the tierra cocida would be taken for a
fogén, or remnants of the same, was accompanied by the slightest
evidences of the presence of man; but burnt bones, carbon, and other
substances that might possibly be due to man have been reported as
found at or near fogénes in other localities.!

The scoriz were very abundant on the gray playas, or denuded
flats, near the seashore northeast of the Arroyo Moro, the region
of Necochea. Farther inland, even on the playas, they were absent.
Many hundreds, in fact thousands, of specimens could have been
collected. They were fairly uniform in character, grayish-black,
porous, without sharp points or angles. They ranged in size, as far
as seen, from small bits to pieces as large as the two fists. Farther
south they were scarce, and on the coast between Rio Negro and
Puerto San Blas they were wholly absent, but the writer picked up
on the shore near San Blas an oval, water-woin piece of a different,
clearly volcanic red scoria more than 12 inches long.

On the whole, none of the evidence relating to tierra cocida and
scori® seen in the Argentine Museums or in the field, has proven at all
convincing that these products, even if not directly volcanic, are due
to man’s agency. Messrs. Wright and Fenner’s report, which fol-
lows, bears out these impressions.

The principal bibliographical references in connection with this
subject are as follows:?

Drscarzi, N. Diario del descubrimiento del Rio Negro de Pat-
agones. Revista del Rio de la Plata, 1, 1854, p. 97; and in Albar-
racin, S. J., Estudios generales sobre los rios Negro, etec., 11, Buenos
Aires, 1886, pp. 51, 63-64, 600-602.

Heusskr, J. C., and G. CLaraz. Essais pour servir & une descrip-
tion physique et géognostique de la Province Argentine de Buenos-
Aires. Mém. Soc. Helvétique Sci. nat., xx1, Zurich, 1865, pp. 1-140.

AmrcHiNO, F. Nouveaux débris de 'homme et de son industrie,
etc. Journal de Zoologie, 1v, Paris, 1875, pp. 527-528.

BurmEIsTER, H. Description physique de la République Argen-
tine, 11, Buenos Aires, 1876, pp. 178, 387.

AmecHiNo, F. Catalogue spécial de la section anthropologique
et paléontologique de la République Argentine, Paris, 1878.

1 See Ameghino, F., Enumération chronologique et critique des notices sur les terres cuites et les scories
anthropiques, etc.; in Anal. Mus. Nac. Buenos Aires, XX (ser. iii, t. xur), 1911, pp. 39-80 (separate, 1910).
2 Principally after Ameghino. For additional minor references, see that author,
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Aires, 11, 1881, pp. 427-428, 451, 461, 476-478, 489490, 535.

—  Escursiones geolégicas y paleontologicas en la provincia
de Buenos Aires. Bol. Acad. Nac. Cienc. Cérdoba, vi, Buenos Aires,
1884, p. 161 et seq.

——— Monte Hermoso, Buenos Aires, 1887, pp. 5-6, 10.

Moreno, F. P. Informe preliminar de los progresos del Museo
La Plata, etc., Buenos Aires, 1888, pp. 6-7.

Breve reseiia de los progresos del Museo de La Plata,
etc., Buenos Aires, 1889, p. 27.

AvmecHINO, F. Contribucién al conocimiento de los mamiferos
fosiles de la Repablica Argentina, 2 vols., Buenos Aires, 1889, pp.
50-69.

Rotn, S. TUeber den Schiidel von Pontimelo (richtiger Fonte-
zuelas). Mitth. anat. Inst. Vesalianum zu Basel, 1889, pp. 8-9.

LerMaNN-N1TscHE, R.  [’homme fossile de la formation pampé-
enne. C. R. Congr. int. d’anthr. et d’arch. préhist., X1 sess., Paris,
1900, pp. 145-146.

AmecuiNo, I, Paleontologia Argentina, Buenos Aires, 1904, p. 77.

SteiNMANN, G.  Ueber Diluvium in Sid-Amerika. Monatsb.
deutschen geol. Ges., No. 7, 1906; also in Rév. gén. sci. pur. et appl.,
Paris, 1907, pp. 626-633.

STEINMANN, G.  Das Alter des Menschen in Argentinien. Bericht
iiber die prithistorischer Versammlung zur Er6ffnung des Anthro-
pologischen Museums in Céln, 1907, p. 73.

LenmaNN-Nitscue, R. Nouvelles recherches sur la formation
pampéenne, etc. Rev. Mus. La Plata, x1v, Buenos Aires, 1907;
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ing, pp. 172-190; F. Zirkel, pp. 455-456; and G. Steinmann, pp.
461-462.

AugecHiNo, F.  Notas preliminares sobre el Tetraprothomo argen-
tinus, ete. Anal. Mus. Nac. Buenos Aires, xv1 (ser. iii, t. 1x), 1908,
pp- 106-107.

Outes, F. F., with E. H. DucLoux and H. Bicking. Estudio de
las supuestas “escorias’” y ‘‘tierras cocidas,” etc. Rev. Mus. La
Plata, xv, Buenos Aires, 1908, pp. 138-197.

AMeGnINO, F.  Las formaciones sedimentarias de la regién litoral
de Mar del Plata y Chapalmalin. Anal. Mus. Nac. Buenos Aires,
XVII (ser. iii, t. x), 1909, pp. 358, 372, 401, 421,
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Outes, F. F. Les scories volcaniques et les tufs éruptifs de la série
pampéenne de la République Argentine. Rev. Mus. La Plata, xvi,
Buenos Aires, 1909, pp. 34-36.

AmucuiNo, F. Le litige des scories et des terres cuites anthropi-
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BouLe, M. Produits pyriques d’origine anthropique dans les for-
mations neogénes de la République Argentine. 1.Anthropologie, xx,
Nos. 3—4, Paris, 1909, pp. 381-383.

Aripr, Tu. Feuerproducte von menschlichem Ursprunge in den
neogenen Formationen der Argentinischen Republik. C. R. Natur-
wissenschaftliche Rundschau, xx1v, No. 31, Braunschweig, 1909, p.
397.

G. A. J. C. The Antiquity of Man in South Amerlca Nature,
LxxxI, London, 1909, p. 534.

BRUNET L. Etude des prétendues scories et terres cuites de la
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Ovutes, F. F.,, and H. BtckiNng. Sur la structure des scories et
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V. PETROGRAPHIC STUDY

OoF THE SPECIMENS OF LoEss, TiErra Cocipa, AND Scoria CoL-
LECTED BY THE HrDLICKA-WILLIS EXPEDITION

By FrEp. EUGENE WRIGHT AND CLARENCE N. FENNER

INTRODUCTION

The petrographic examination of the rock specimens collected by
the Hrdlicka-Willis expedition in Argentina was undertaken by the
Geophysical Laboratory of the Carnegie Institution of Washington,
at the request of the Secretary of the Smithsonian Institution.
Although descriptive work of this kind is hardly germane to the
purposes of the Geophysical Laboratory, it was apparent that, if
the problem were to be solved at all, exact laboratory methods of
attack would have to be used and that, even in case the material
available was not sufficient or characteristic enough for a satisfactory
solution, the precise data gathered by the laboratory would never-
theless be of value. The descriptions below apply only to the
material examined. ‘

The problem submitted to the laboratory was to determine the
kinds and nature of the rocks in the collection. Ordinarily such
problems are not difficult and can be solved by the usual petro-
graphic methods, but in the present instance several of the rocks
are so extraordinary in type that previous investigators have been
unable to agree as to their nature, whether volcanic, or sedimentary,
or both, and the matter has become one of controversy based more
or less on opinion.

In approaching this problem, three lines of attack were followed:
(1) the usual detailed petrographic-microscopic examination of the
rocks; (2) chemical study of the different rock types; (3) thermal
study of the rocks at different temperatures and comparison of the
products thus obtained, with the natural products. From these
three lings of independent evidence which will now be presented,
it should be possible to obtain a fair idea of the nature of the rocks
and possibly also of their genesis.

- The tools and methods used in the examination of the different speci-
mens.—Ordinarily it is not customary to cite the particular instru-
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ments and methods which have been adopted in the study of any
particular problem, but in the present instance the methods applied
were not the usual methods and merit, therefore, a brief word of
description. In the petrographic-microscopic examinations the
methods employed were those specially adapted to the study of
fine-grained preparations. They have recently been described in
a paper by one of the writers ' and need not be considered in detail
here. The specimens were examined both in the thin section and
in powder form. In the thin section the texture of a specimen
can be studied to best advantage, while in the powder the optical
properties of its several mineral components can be ascertained
most readily and accurately.

The chemical analyses cited below were made by Mr. J. G. Fair-
child, of the United States Geological Survey, and the methods used
in his determinations were the standard methods of the Geological
Survey laboratory.

In the thermal work the standard thermo-electric apparatus and
methods of the Geophysical Laboratory ? were adopted. The mate-
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