FOSSIL PLANTS FROM BOLIVIA AND THEIR BEARING
UPON THE AGE OF UPLIFT OF THE EASTERN ANDES.

By Epwarp W. BErry,
Of the Jokns Hopkins University, Baltimore.

INTRODUCTION.

The present contribution includes a description of the fossil plants
from two well-known localities in Bolivia—the copper district of
Corocoro and the silver and tin district of Potosi—both classic local-
ities that have been worked since the sixteenth century. The rather
definite results regarding the age of these deposits has not only an
important bearing on the time of mineralization in these regions, but
is of the greatest value in indicating the period of elevation of the
Andes, which is shown to be much later and more profound than has
hitherto been supposed. This study is based upon material col-
lected in 1915 by Profs. J. T. Singewald, jr., of the Johns Hopkins
University, and Benjamin L. Miller, of Lehigh University. The
types and figured specimens have been presented to the United
States National Museum. A discussion of the results of this study is
followed by a description of the flora, and by an account of a new
species of Brachiopod contributed by Prof. Charles Schuchert, of
Yale University.

PRESENT PHYSIOGRAPHY AND CLIMATE.

A brief outline of the present physiography, geology, and climate
of Bolivia are necessary to an understanding of the bearing of the
fossil floras discussed in the following pages on the geological history
of the region.

Although lying wholly within the Torrid Zone the combination of
elevation, mountain barriers, and prevailing winds has had a most
profound influence on the climate, and consequently upon the flora
and fauna. Except for certain transverse and irrigated valleys and
the relatively low and barren Coast Range the country bordering the
Pacific (now belonging to Chile) is a desert of shifting sands. Thisis
bounded on the east by the Western Andes or Cordillera Occidental,
which parallels the coast at a distance of from 50 to 100 miles.?

1 The relatively low Coast Range is omitted, as it is of no importance in the present connection.
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The western Andes consist chiefly of Mesozoic deposits, together
with innumerable lava flows and ash beds of the great series of high
voleanoes, whose greatest activity appears to have been reached in
very late geologic times. The Cordillera Occidental, with many
peaks between 19,000 and 21,000 feet in altitude, forms the western
ramparts of the high Bolivean plateau or “‘altaplanicie,” which ex-
tends from the Vilcanota massif of Peru southward to the Argentine
frontier—a distance of about 500 miles and with an average width
of about SO miles. It has an average elevation of between 12,000 and
13,000 feet, and 1s bleak and inhospitable in the north (the “puna”),
and arid and barren toward the south—the desert of Lipez—with saline
depressions, and ridges and peaks rising through the flat mantle of
Pleistocene and Recent deposits.

The ecastern ramparts of the “altaplanicie” are formed by the
somewhat fanned-out chains of the eastern Andes or “‘Cordillera
Real,” consisting largely of folded Paleozoics with granitie cores and
other igneous intrusives, in part at least of late Tertiary age, forming
a series of high peaks, a number of which reach above 21,000 feet.
It is about 250 miles from the western range of the Cordillera Real
to the Sierra de Cochabamba and the Sierra de Misiones, which form
the eastern boundary of this imposing mountain mass. Tt is in the
midst of this extremely rugged montane country that Potosi rises
to a height of 15,381 feet, surrounded on all sides by much higher
peaks.

Three-fifths of the arca of Bolivia lies east of the Cordillera Real,
and forms a part of the Amazon and Paraguayv drainage basins.
The latter region consists of gentily undulating forests, low alluvial
grass-covered plains (llanos), great swamps, and flocded bottom
lands.

Little can be said of the details of either the existing climate or
vegetation of much of Bolivia. The lowlands east of the mountains,
comprising the Provinces of El Beni, Santa Cruz, Chuquisaca, and
Tarija, together with the eastern mountain valleys below 5,000 feet,
are termed ‘‘yungas’ (a climatic term) and have a humid tropical
climate. The higher valleys of the eastern Andes between 5,000 and
9,500 feet, where they are situated so as to receive the moisture-
laden northeast trade winds, have a subtropical character. Above
9,500 feet and up to 11,000 feet the climate is in general temperate
and suitable for raising vegetables and cereals. Between 11,000 feet
and 12,500 feet in the mountains, and consequently including the
high plateau, is the ‘‘puna’ or region of cold and aridity, with two
seasons—a cold summer or autumn and a winter. The air is cold
and dry and the growing season is too short for anything except oca
(Oxalis) quinoa (Chenopodium), potato, barley, and coarse grasses.

?
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Above 12,500 feet and extending to the snow line (about 17,500
feet) is the ‘“‘puna brava,” a bleak inhospitable region of shepherds
and miners, and with arctic rosette plants and a few grasses.

POTOSI.

Cerro Rico de Potosi or Potosi Mountain lies immediately south-
east of the town of Potosi in the northern part of the Province of
that name, in the castern Andes or Cordillera Real, which forms the
castern boundary of the high plateau of Bolivia. The mountain,
which has a height of 15,381 feet, consists of a core of rhyolite sur-
rounded by conglomerates, shales, and tuffs. Fossil plants are abun-
dant in the latter on the northeast slope of the mountain and also
in some of the mine tunnels.

Silver was discovered at Potosi in 1544, and mining for this metal
and latterly for tin has been in operation for over 350 years. An
account of the region has recently been published by Miller and Sin-
gewald,! who collected the fossils that are the basis of the present
contribution.

COROCORO.

Corocoro is near the western edge of the high plateau (altiplanicie)
of Bolivia in a group of low structural hills such as not infrequently
project through the flat surficial deposits of the plateau. It lies a
short distance south of the Arica-La Paz Railroad in the Province
of La Paz, about 100 kilometers southwest of the town of La Paz
and at an altitude of slightly more than 13,000 feet. It is about
2° north and 2° 40’ west of Potosi. The country rock is a thick and
much faulted series of prevailingly red, gypsiferous and ferruginous
shales, sandstones, and conglomerates. Copper has been mined at
Corocoro since before the arrival of the Spaniards in the sixteenth
century, and a general account of the district has recently been pub-
lished by Singewald and Miller.? ~

AGE OF THE COROCORO ROCK.

Opinions regarding the age of this series have ranged from Carbo-
niferous to Tertiary. These have not been based upon paleonto-
logic evidence, however, since no fossils have hitherto been known
from the series. Messrs. Singewald and Miller collected fossil plants
from a sandy tuff northwest of Corocoro and obtained the cast of a
footprint from a specimen collected by Fernando Dorian, manager of
the Corocoro Copper Mines (Litd.) along the railroad between Tarejra

1 Miller and Singewald, Mining Conditions at Potosi, Bolivia. Eng. and Min. Journ., vol. 103, 1917,
PP. 255-260.

2 Singewald and Miller, The Corocoro Copper District of Bolivia, Eng. and Min. Journ., vol. 103, 1917,
pp. 171-176.
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and Corocoro. The latter, according to Prof. R. S. Lull, probably
represents an Upper Triassic amphibian. Unfortunately the strati-
graphic relations between the two outcrops is unknown, but there is
no reason to doubt Professor Lull's determination or the possible
presence of rocks of Triassic age in the vicinity.

The fossil plants are, however, of more immediate interest, since
they occur in the horizon of the ‘‘vetas,”” and hence fix the age of
the immediate country rock and mineralization as late Tertiary.
While the fossil plants are neither abundant nor well preserved, suffi-
cient species can be identified to fix the horizon as very nearly the
same as that at Potosi, and hence determine the age of the copper-
bearing rocks rather definitely as late Tertiary.

The plants which I have identified are the following: Polystichum
bolivianum, Acacia uninervifolia, Mimosa arcuatifolia, Mimosites en-
gelhardti, Cassia Ligustrinaformis, Copaifera corocoriana, Terminalia
singewaldi.

All but the last two are present at Potosi. The Copaifera and
Terminalia are both represented by fruits. The latter is very similar
to the not uncommon fruits of Terminalia antiqua from Potosi, and the
leaflets of a species of Copaifera that might represent the same species
as the fruits from Corocoro are present at Potosi. Thus the paral-
lelism between the two floras is extremely close.

When a meager flora like that found at Corocoro is compared with
a more extensive flora like that at Potosi, the age might differ appre-
ciably, and yet the more common species of the larger flora might be
expected to be present in the smaller. When, however, it is not only
the commonest species of the larger that are found in the smaller, but
also forms like the Polystichum found in a single specimen in both,
additional indication of contemporaneity is afforded. Furthermore
all of the Corocoro plants are represented in the modern flora by
closely related species east of the mountains and all of the genera are
still found in the same general region where climatic conditions differ
from those prevailing at the present time on the high plateau of
Bolivia. The latter region, because of its altitude and consequent
coldness, and the aridity due to the interposition of the lofty eastern
Andes in the path of the prevailingly eastern tradewinds, is prac-
tically treeless and in striking contrast with the conditions at the time
the fossil flora was living in this region, all of the seven recorded
species except the Polystichum being arborescent and some of them
usually large trees. If the evidence for the Pliocene age of the Potosi
flora is regarded as conclusive then there can be no doubt but that the
Corocoro flora is also Pliocene, and this age is thereby established for
the copper-bearing rocks of this mining district.
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BOTANICAL CHARACTER.

The present contribution enumerates 85 different species of plants
from Bolivia, of which 82 come from the tuffs of the historic Cerro de
Potosi. Collections from these tuffs studied by Engelhardt in 1887
and 1894 resulted in making known 44 species of fossil plants, and
Britton in 1893 added 11 species. The flora as at present known is
remarkable for the great predominance of small individuals in it and
for the large numbers and variety of its Leguminosae. It contains
the representatives of 6 Pteridophytes (all ferns), 1 coniferophyte (a
Podocarpus) and 75 angiosperms, of which 3 are Monocotyledons and
the balance Dicotyledons. Of the latter there are 8 of doubtful affin-
ities, 5 Gamopetalae, and 59 Choripetalae. The Dicotyledonae rep-
resent 41 genera in 20 families and 13 orders. The largest genus is
Cassia with 10 species. The most abundant individual forms are
Myrica banksioides and Calliandra obligua. Much the largest order
is the Rosales, represented by the families Saxifragaceae, Cunoni-
aceae, Mimosaceae, Caesalpiniaceae, and Papilionaceae, containing
altogether 47 species, the great majority belonging to the last three
families. There are 13 species of Mimosaceae representing the
genera Acacia, Inga, Pithecolobium, Mimosa, Mimosites, Calliandra,
and Enterolobium. There are 17 species of Caesalpiniaceae repre-
senting the genera Cassia, Caesalpinia, Caesalpinites, Copaifera,
Bauhinia, and Peltophorum. There are 12 species of Papilionaceae,
representing the genera Amicia, Machaerium, Dalbergia, Desmodium,
Drepanocarpus, Aeschynomene, Sweetia, Lonchocarpus, and Platy-
podium. There are thus 9 genera of Papilionaceae, 6 of Caesal-
piniaceae, and 7 of Mimosaceae. No other families are represented
by more than two genera and most of them have but a single genus
present. Similarly all of the nonleguminous genera except Myrica
and Weinmannia are represented by a single species.

There are three or four species of Myrica in the fossil flora of
Potosi, the only common and clearly defined of which is Myrica
banksioides Engelhardt, and I am not sure but that Myrica wendtii
Britton and Myrica engelhardtii Britton are not simply- large and
small variants of this species. Myrica potosina Britton is not a
Myrica, and while Myricophyllum, species Engelhardt, is clearly dis-
tinct from all of the preceding and apparently represents a perfectly
good Comptonia-like Myrica, it is represented by such incomplete
material that little can be said about it.

Myrica is a very old generic type with a large number of fossil
species, ranging in age from the Mid-Cretaceous to the present. The
still existing species are relatively few in number, are widely scattered
geographically, and represent survivors from a Tertiary cosmopoiitan
distribution.
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Myrica has about 35 existing species and is widely distributed in
the warmer parts of both hemispheres. Although we commonly
think of Myrica as a temperate type, the bulk of the existing species
are decidedly warm temperate and upland tropical types. The
subgenus Morella comprises nearly all the existing species, and its
area of distribution includes southeastern Asia from Japan and China
through the East Indies. In Africa it extends from Abyssinia to
Madagascar and the Cape throughout the eastern watershed. In
Europe a single species extends from southern Portugal to the Azores
and Canaries. In America one species (carolinensis) reaches north-
ward to Nova Scotia; another (cerifera) extends northward to Mary-
land; and two species on the Pacific coast extend the range north-
ward to Oregon. The balance of the species occur throughout the
Antilles, Central Amecrica, and northwestern South America. Only
one species, usually considered as a subgenus, is cold temperate in its
distribution. The latter, JMyrica gale, ranges from Kamchatka to
Lappland, Britain, and western France in the Palarctic region, and
from Newfoundland to southern Alaska in the Nearctic region, where
it extends southward to Virginia. Thus eastern North America is
the only region where there is any considerable overlapping of the
two subgenera. These features are brought out on the accompanying
sketch map, and the conclusion is reached that Ayrica gale is a late
Tertiary or Pleistocene Holarctic radiation from what was a dis-
tinetly warm temperate group of species, and this conclusion is more
or less corroborated by the geological history of the genus—the bulk
of the fossil species representing the Aforella section of the genus, or
the allied genus Comptonia, which is sometimes made a third sub-
genus of AMyrica, and which has but a single existing species of
eastern North America, although cosmopolitan in the Tertiary.
Myrica is not uncommon in the warm temperate and subtropical
Tertiary coastal floras of southeastern North America.

There are several shrubby species of Myrica in the Inter-Andean
region of Central Peru (Alyrica variibractea De Candolle, M. weber-
baueri De Candolle) which range upward to 3,000 meters. Whether
these extend southward as far as the Potosi region I do not know,
but Myrica zalapensis is found in eastern Bolivia in the Santa Cruz
region, and is doubtless more wide ranging than the meager records
indicate.

The fossil ferns are too few and incomplete to merit any special
comment. The grasses are represented by three types, and the
presence of flowering scales of a species of flestuca is notable, since
the known fossil grasses usually comprise stem or leaf fragments.
The fragment of a palm, while too incomplete to arouse botanical
interest, is important ecologically and serves to establish the presence
of this essentially tropical type in the flora. Genera not otherwise
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known in the fossil state and all South American in the existing
flora include Ruprechtia of the Polygonaceae; Escallonia of the Saxi-
fragaceac; Enterolobium of the Mimosaceae; Peltophorum of the
Caesalpiniaceae; Amicia, Drepanocarpus, Aeschynomene, Sweetia,
and Platypodium of the Papilionaceae; Porlieria of the Zygophylla-
ceae; Myrteola of the Myrtaceae; and Cuphea of the Lythraceae.
The family Combretaceae is represented hoth at Potosi and Corocoro
by the characteristic fruits of species apparently belonging to the
Diptera section of Terminalia—an old genus with a large number of
modern tropical and subtropical species and still present in eastern
Bolivia. In lieu of a more extended botanical analysis the reader is
referred to the accompanying table of fossil species with their existing
relatives. This, together with the facts introduced in the systematic
account of the fossils, will serve to complete the botanical picture and
also supply the pertinent facts regarding the geological history of the
various fossil types.

CORRELATION.

The number of Tertiary plants described from South America is
inconsiderable, so that thers is no means of direct comparison between
the Potosi flora and other fossil floras except with those that are
remote geographically, and such comparisons become increasingly
hazardous the nearer the approach to the Recent.

Tertiary plants have been known from southern Chile (Coronel)
since 1891,' and a flora of apparently the same age is present at
several localitics in the oxtreme southern part of the continent.?
These all appear to fall in the earlier Tertiary, De Lapparent regard-
ing them as Eocene (probably Sparnacian) and Dusén, following
Wilckens, regarding them as probably Oligocene. At the opposite
end of the continent Engelhardt ® has described a considerable flora
from Colombia (Santa Ana, Caucathale) and Ecuador (Tablayacu,
Loja Basin). These are simply designated as Tertiary by Engel-
hardt, Wolf,* and others. Fiom certain resemblances to the flora
from Panama recently studied I am disposed to regard the Loja
coals as the same age as the plant bearing beds of Panama, which
are either Oligocene or early Miocene, and in any event much older

1 Engelhardt, H., Ueber Tertiirpflanzen von Chile, Abh. Senck. Naturf. Gesell., vol. 16, Hit. 4, 1891,
pp. 620-692, pls. 1-14. Engelhardt, H., Bemerkungen zu chilenischen Tertiiirpflanzen. Abh. Sitz. Naturw,
Gesell. Isisin Dresden, 1905, pp. 69-82, pl. 1.

2 Gilkinet, A., Quelques plantes fossiles des terres Magellaniques. Resultats voyage du S. Y. Belgica en
1897-1899, 1909. Dusen, P., Ucher die tertiare Flora der Magellanslinder. Svenska Exped. till Magel-
lanslinderna, vol. 1, 1899, pp. 87-107, pls. 8-13.

3 Engelhardt, 11., Ueber neue Tertiéirpflanzen Siid-Amerikas, Abh. Senck. Naturf. Gesell., vol. 19, 1895,
pp. 1-47, pls. 1-9.

¢ Woll, Teodoro, Geografia y Geologia del Ecuador, 1892. Wolf, T.,and Rath, G. vom, Zeits. Deutsch,
Geol. Gesell., vol. 28, 1876, pp. 391-393.
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than the Potosi flora. I have heard of fossil plants in the lake beds
of Sag Paulo through von Ihering, who wrote me of collections having
been sent to Kurtz at Cordoba some years ago, but these have appar-
ently never been deseribed. The only other South American Ter-
tiary plants known to me, aside from the record of leaf impressions,
apparently uncollected, on the island of Trinidad,' are the Pliocene
plants from the province of Bahia (Brazil), briefly reported upon by
Krasser? and Bonnet.? Ettingshausen at the time of his death had in
preparation an illustrated account of this flora with autotypic repro-
ductions of the related existing specics, but this unfortunately was
never completed.

It is obvious, then, that the familiar method of ascertaining the
age of the Potosi flora by direct comparison with fossil floras of
known age in the same general region or even on the same continent
is impossible, and it is necessary to rely on a comparison of the Potosi
flora with that found in the vicinity of Potosi and on the high plateau
of Bolivia at the present time in order to get a measure of the differ-
ences in the environments between the two, and then to determine
the degree of resemblance between the Potosi flora and that existing
in any other part of South America at the present time, and to
endeavor to deduce from these criteria its probable age.

It is perhaps ncedless to more than mention the existing flora at
Potosi or on the high plateau near Corocoro since the rainfall is
scanty and both regions aro practically treeless and totally incapable
of supporting the fossil flora found at these two localities. From a
cursory study of Engelhardt’s and Britton’s determinations I long
ago catalogued the Potosi flora as Pliocene, and when I began the
study of the collections made by Singewald and Miller, the great
resemblance of the majority of the forms, to be mentioned in detail
in subsequent paragraphs, to those still existing in the rain forests
of eastern Bolivia or to characteristic types of the Amazon Basin,
led me to even consider these fossil floras as possibly as young as
the older Pleistocene. I do not think that the resemblance to the
recent flora east of the Andes is overestimated, but the remarkable
discovery of a marine Brachiopod in the Potosi tuffs added another
factor. Tt is obvious that the fossil plants could not have grown at
Potosi or Corocoro had the front range of the Andes at that time been
elevated sufficiently to precipitate the moisture-laden winds that
come from the east. At the present time the castern slopes of the
Cordillera Real are very different climatologically and consequently

1 Wall and Sawkins, Report on the Geology of Trinidad. Mem. Geol, Surv. Gt, Britain, London, 1860,
Pp. 35-52.

¢ Krasser, F., Konstantin von Ettingshausens studien iiber die fossile Flora von Ouricanga in Brazilien,
Sitz. k. Akad. Wiss. Wien, vol. 112, Abh. 1, 1903, pp. $52-860.

3 Bonnet, Ed., Contribution & ]a flore pliocéne de la province de Bahia (Brésil). Bull, Mus. d’hist. Nat,
Année 1905, p- 6510-512,



112 PROCEEDINGS OF THE NATIONAL MUSEUM. vor. 54.

floristically from the western or leeward slopes and the plateau lands
behind them. The first has almost daily rains and is forested to the
timber line. The second are so dry that they permit tho growth of
only drought-resisting grasses and low scrub, and over very large
areas there is no vegetation whatever. Consequently it might seem
that a moderate reduction in elevation would have permitted some
of the moisture-laden winds to pass and made possible the Potosi
and Corocoro floras. When, however, it was found that the former
was associated with a marine form, also of very modern aspect, it
was realized that the change of elevation involved had actually
amounted to about 2% miles.

The admirable physiographic studies of Bowman in the Peruvian
Andes,! as well as less detailed studies farther south, furnish distinct
evidence of glaciation thought to be late Pleistocene because of the
freshness of the deposits and the related topographic forms. More-
over his evidence of the profound erosion as indicated by the mature
topography below the present rough summit topography leads him
to regard the Andes as having undergone progressive elevation
throughout the Tertiary, and he concludes that there has been a
change of elevation in the late Tertiary amounting to about 5,000
feet.

It would seem then, that if the physiographic history of the region
is correct, in even its broader outlines, the fossil floras are pre-Pleisto-
cene in age. The Bahia Pliocene flora, previously mentioned com-
prises about 70 forms, none of which have been adequately described
and none at all have been figured so that comparisons with the
Potosi flora rest entirely upon names. Notwithstanding this diffi-
culty it may be noted that the following genera, all of which should
be determinable with reasonable certainty, are common to the Potosi
flora and the Pliocene flora of Bahia: Inga, Cassia, Copaifera, Dal-
bergia, Terminalia, and Weinmannia. All are, of course, typical
members of the tropical flora of the Amazon Basin and hence this
agrecment may be without any special significance. At the same
time it is worth noting that if this resemblance is worth anything it
tends to confirm the evidence independently reached by a comparison
of the Potosi flora with the existing flora of tropical South America
east of the Andes. That comparison may now be briefly sketched.

I have assembled in the accompanying table the fossil species in
one column, the most closely related existing species in another
column, and the range of the latter in a third column. Where the
resemblance of fossil to living species was not extremely close or
where I lacked material for adequate comparison I have named no
existing species so that the resemblances are underestimated rather
than adequately emphasized and the table is therefore much more

1 Bowman, Isaiah, The Andes of Southern Peru. Amer. Geogr. Soc., 1916,
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significant than similar tables ordinarily constructed by paleo-
botanists for like purposes. Thus of the 82 species of plants recorded
from Potosi, after deducting the 16 indefinite forms referred to form
genera such as Antholithus, Carpolithus, Poacites, Phragmites, Pal-
mophyllum , Pecopteris, Rubiacites, Cypselites, and Lequminosites, 54
of the Potosi species out of the 66 remaining are so similar to living
forms that in a majority of cases it would have done but little violence
to the facts to have identified them as fossil occurrences of these
existing forms. Without elaboration then it may be stated that the
fossil flora is preponderantly modern in its aspect, and this similarity
to the existing flora of the American tropics is too great to warrant
considering the fossil flora as older than the late Tertiary. I know of
no described flora as young as even the late Miocene that is as homo-
genous and does not contain sonie exotic elements or some genera
that are not still found in the same general region. Summarizing, it
may be noted that the Potosi fossil flora contains no species not
closely related to still existing species, no genera not still found in
the same general region, several genera not otherwise known fossil,
and an abundant representation of relatively modern types and
localized genera, as for example those of the Papilionaceae.

One has only to go eastward or northeastward a few hundred miles
from Potosi to find what is essentially the same flora as that found
fossil, existing, however, under climatic conditions quite different
from those prevailing at the present time at Potosi or upon the high
plateau of Bolivia.

Categorical conclusions regarding the exact physical environment
of the fossil flora can not be deduced, but certain more general
statements are warranted. The number of fossil forms definitely
correlated with existing forms is 54. Forty-six of these fossil forms
are represented in the existing flora of the Amazon Basin, and many
of these extend greater or less distances into eastern Bolivia, such
details as are available being introduced under the systematic
description of the species. A number of these range northward to
Central America and the Antilles and some are more characteristic
of the .Orinoco or northwestern part of the Amazon Basin than of
that part in the latitude of Bolivia. In two or three cases where the
existing species closest to the fossil is confined to this more northerly
region, as in Polystichum and Myrica, these genera are represented
in the existing flora of Bolivia by other species of the genus, material
of which has not been available for comparison.

In the whole fossil flora enumerated comprising a representation of
85 species only the following can be regarded as Andcan or West
Coast forms: Festuca, Escallonia, Amicia, Polystichum, Porliera,
Euphorbia, and Myrtcola. This is a relatively small number and of

3343—19—Proc.N.M.vol.54—9
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these Festuca, Escallonie, Polystichum, Porliera, and Euphorbia are
represented outside the Andean region, leaving only Amicia and
Myrteola as typically Andean plants. Plants of extra-tropical cli-
matic requirements in that they are montane forms and hence live
under temperate temperatures or in arid situations include Festuca,
Escallonia, Amicia, Polystichum, Porlicra, Euphorbia, and Myrieola,
the same genera previously enumerated as Andean in character.
Polystichum and Escallonia are not certainly indicative of temperate
conditions nor is Fuphorbia, although the latter as well as Porliera
indicate more or less.aridity. It is not possible to determine what
the relation of these few forms is to the predominantly humid and
tropical character of the bulk of the Potosi flora. Possibly it is to be
explained by local aridity of sandy areas of soil under a tropical sun,
or there may have been elevations near to the basin of sedimentation
that would explain this element of the fossil flora. The absence of
large-leafed species in the flora as a whole and the vast predominance
of compound leaves with small leaflets, may also have been due to a
sandy substratum.

While botanists may justly object to the reference of some of the
Potosi forms to one genus rather than another when several alterna-
tives are presented, and this comment is especially applicable to the
leaflets of the Leguminosae which are so abundant in the Potosi
deposits, none, I think, can oppose the conclusion that whatever the
opinion of students regarding the validity of some of the identifica-
tions, 1 no case does this uncertainty in any number of specific cases
alter the outstanding result of this study, namely, that the fossil
flora found in the tuffs at Potosi is very similar to existing assem-
blages found in eastern Bolivia or at various other places in the
Amazon Basin, or that the conditions of existence for the fossil flora
must have been similar to that under which those existing floras with
which it has been compared are flourishing and quite different from
the environmental conditions prevailing at the present time within
the eastern Andes of Bolivia or on the high plateau or in fact any-
where west of the region of heavy rains on the eastern slopes of the
front range.

From a consideration of all the evidence available it is concluded
that the flora is Pliocene in age and that the major elevation of the
eastern Andes of Bolivia and the high plateau took place in the late
Pliocene and throughout the Pleistocene and that the extensive
mineralization of this region also took place during this same period.
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