AN OUTLINE REVIEW OF THE GEOLOGY OF PERU.

[With 5 plates.]

By Groree I. ApAMS.

INTRODUCTION.

Collfioill‘iihar’l a century has elapsed since Humboldt beheld the grand
bty has as in nox:thern ,Per1.1, and more than three-quarters of a cen-
e Som:hpassed since d’Orbigny studl’ed the section of the Andes in
bours ot ertn part of thfa country. Since then many scientists have
poon ot ;‘ac ed rlEo the region and have contril?uted to the knowledge of
o En l-gljlf. heir writings are scatter'ed in numerous publications
i glish, German, French, and Spanish, and no summary of this

ormation has been made. 'The writer in attempting to Jearn what

;i_ltmown qoncernir_lg the subject has gleaned the material which con-
itutes this paper. The arrangement and presentation of it in the
dertaken with the hope that it

form of an outline review has been un

may serve as an introduction to the proader problems with which
later geologists may have to deal.
i The author’s contributions to the geology of Peru have been pub-
lished in bulletins of the Corps of Engineers of Mines of Peru, and-
relate principally to the distribution of the Tertiary formations of
the coast of which he made a reconnaissance. TLater, while engaged

n prﬁvate work, he traveled in the Titicacan region of Peru and
Bolivia, crossed the Cordilleras, and entered -the forest region of
southern Peru, and also saw something of the Cordilleras of the
central part of the country. Tt is not his intention, however, to at-
tempt to incorporate his observations during these journeys to any
great extent in this paper, but rather to use them as an aid to the in-

terpretation of the work of others.

The geologic relations of the rocks o

plained by written descriptions accompanie
ologic maps.

but there are practically no ge It is to be hoped that

the mapping of some type localities may soon be undertaken and that
the columnar sections for the various regions may be established
and the paleontologic h them. The time has

studies correlated wit
arrived when simple ge t be expected to

ologic reconnaissance can no
yield satisfactory results.
385

£ Peru have thus far been ex-
d in some cases by sections,
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the Pacific slope of the Andes.
tion and temperature, and is indicated as one
town by the character of the roo
writer in drawing the line upon his

basis for his observations and inquiries in or

information.

Near the Gulf of Guayaquil, where the zone
to the westward from the slope of the Andes
and to the Pacific Ocean, the division between
be made by continuing the tr
ln-to consideration the character of the agr
with the temperature dependent on elevation.
tion based on climate holds fairly well, but in
factory, since under the Equator and in a regi
of vegetation and agriculture do not correspon
distinction also implied.

887

This is largely determined by eleva-

travels from town to

fs of the houses of the natives. The
published maps® used this as a

der to obtain reliable

of rainfall is deflected
over the coastal plains
coast and sierra would

end of the line into Ecuador, taking

iculture, which varies
Tor Peru the distine-
Ecuador it is less satis-

on of rainfall the zones

d with the topographic

Divésions of the coastal region.

The coastal region of Peru may be
H_lountainous areas. The plains, according to
tions in the country, may be calle
a.nd “ gouthern.” Between the nor
likewise between the south central
tainous. The northern and south ¢
the shore of the Pacific, but the sou
the sea by a coast range of hills.
coast are diversified by the stream ¥
valleys and present a very broken
these two mountainous areas, considered as
from the sea and presents many aspects of &
northern area is characterized by a xaore
mountains rise in a ragged, jrregular way
would seem to be an open question as
areas should be classed with
the inner border of the plains
and at a corresponding distance inland in t
of the coast there is a transition zone known

the coast” (cabezeras de 10 valles), where
that the agriculture 0

and south

d the “ northern,
thern and south cen

entral plains exten
thern plain
The mountain
alleys and
topography. T

the coast or the

are the & foothills
he mountainous divisions

divided into plains areas and -

their geographic posi-
» @ gouth central,”
tral plains, and
ern, the coast is moun-
d inland from
¢ are separated from
ous divisions of the
their tributary dry

a mass, Tises abruptly
dissected plateall. The

broken coast line and the

toward the sierra. It

to whether these mountainous

Andes region. Along
» rising to the sierra,

as the « valley heads of

the valley floors become
£ the coast is impossible,

narrow and stony, SO
> ide into the temperature and cli-

and the mountains rise on either st

mate of the sierra.

e Maps reproduced in this report as Plates

Nos. 2, 3, 4 and 5.

he southern one of
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THE ANDES MOUNTAIN REGION.

The distinetion between the coast and the siierra has already been
explained. [The division line between the sierra and the Amazo:
region would seem to be simple enough if it is ba,sgd on the preseélce
of the forest, as is implied when the word montafia ” is used. ' }(1 en
p- 886 above.)] The tree line, however, especially in the norther
part of Pern,

according to the data which the writor has obtained
from reading,

rises well up onto the flanks of the Andes, and indeed
covers some of the mountains which m

2y be appropriately classed
with the Andes region. It may also be noted that the limits of the
forest have never been accurately shown on any map. It would seem
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Proper to restrict the Aniazon region to the plains lying to the east
of the mountaing in order to make the division a
t is not possible to draw this I

physiographic one.
18 line from informati i

, ¢en done as accurately as
possible from available data, but it wiy
mondi’s map of P i

be remembered that Rai-
T, which is the most detai i
fective, i

Divisions of the Andeg

. tures of the Andes are the
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influence of the tfade winds, Olouds ar )
Cordillera from the Pacific, are not seen passing to the

The mists of t . P
land from the Pacific form a s of the coast which driff in

tnd {r t the season when the sky in the Cor-
dillera is clear and their movements are with the land and sea breezes.

Systematic observations of the rainfall in the Andes region have been

carried on at only one localit s namely, Cailloma, which is situated

north of Arequipa and just to the east of the Continental Divide.

From the published data
the writer has constructed
1902 | the accompanying dia-
grams (figs. 8 and 4)
which show the annual
and monthly variations
of the rainfall.

The Cordilleras of the
R e Andes.

. DEescrirrioNn By HUMBOLDT,
R e 1802.
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Humboldb
did not have Peru as an
G0em b 2] object of special study
""""""""" -1 and did not wisit the

country excepting to see
the coast at Pisco and
¥ e Lima and to travel in the
northern highlands be-

tween Cajamarca-and the
Maranon,® he neverthe-
~-—K | less gave a graphic and
to a large extent a correct
-] description of the chain
of the Andes, availing
himself of data furnished
by others. He says, in sub-
stance, that in southern
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Fig, 3.~—Annual wvayi
ariation of vainfgl]
during seven years. # Callloma

the Titicaca basin there
Carabaya, Abancay, Fluando,
f Cuzco and Parinacochas, in

s a knot which includes Vileanota,

and Parinacochas, After thig knot o

latitude 140
ward the tw'g.,cltlg? Arlxd ©S present a second bifurcation, and north-
1S lie on the east ang west of the river Jauja.

¢ Raimongdi, @1 Peru, Volume L page 15 o
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The eastern chain extends on the east of Huanta, the convent of
Ocopa and Tarma, the western chain passes Castrovereyna, Huan-
cavelica, Huarochari, and Yauli, inclosing a lofty table-land. In
latitude 10° 11’ the two branches unite in the knot of Fluanuco and
Pasco (Cerro de Pasco). From this point northward the Andes
divide into three chains. The eastern lies between the Huallaga and
Pachitea (Ucayali) riv-
ers, the second or cen-
tral between the. Hual-
laga and the Maranon,
while the third lies be- -
tween the Maranon and | sowm}-—
the coast. The eastern n
range lowers to a range
of hills, and is lost in :
latitude 6° 15’ on the |***"[""7|[~
west of Lamas. The
central, after forming
the rapids and cataracts | 20w}
of the Amazon, turns to
the northwest and joins
the knot of Loja in Ecua-
dor. From the most cer-
tain information which
he obtained he concluded
that to the east of the [soemr
chain which passes to the
east of Lake Titicaca and
northward to Huanuco
a wide mountainous land
is situated, which is not
2 widening of the east-
tern chain itself, but
rather that it consists
of io’ i ur- . s
Toun}ael’aifsfoz;h;(jfhthz'Andes like 2 .penumbra, ﬁllmg in the whole
space between the Beni and the Pachitea (Ucayaltll)l. dizection of the

Humboldt also made interesting comments on Be livia), from the
Andes, Mo nofed that in Chile and Upper Peru (Bolivid),

ica (18° 287 357" S.), the
Straits of Magellan to the parallel Oﬁtﬁtzzci of'th in the direction of

des runs from so .
Z}gi:‘irélizsrf (;f; 11;12 énrr)st 5° NE., but from the %aiigeilgfnﬁafﬁetﬁ
coast and the two Cordilleras east ':md west Oline to the northwest.
Titicaca abruptly change their direction and inc.
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In this region, as in general in every considerable widenings of the
Cordillera, the grouped summits do not follow the principal axes in
uniform and parallel directions, and he remarked that the gene_ral
disposition of the Andes in this latitude is well worth the attention
of geologists. TFrom where the Cordilleras unite in the knot of Cuzco
(Vileanota) their direction is N. 80° W. He calls attention to the
fact that the direction of the coast follows these changes, and remarks
that the parallelism between the coast and the Cordilleras of tl}e
Andes is a phenomenon the more worthy of attention as it occurs in

several parts of the globe where the mountains do not in the same
manner form the shore.

DrscripTION BY RA1MoONDI,

It is to be regretted that Raimondi did not publish a description of
the Andes. However, his writings contain much information, and
in his edited notes published in the chapter “Apuntes Orograficos,”
in Volume IV of EI Peru there is a partial description of the
Cordilleras. He adopted the nomenclature of Humboldt. The
Andes is used as a general term for the whole mountain system,
and the various branches ave spoken of as “ Cordilleras.” Th'e
branch to the east of Lake Titicacs he called the “ Cordillera Ori-
ental ” and the one to the west the « Cordillera Occidental.” The
union of these branches to the north of Lake Titicaca he calls the
“Knot of Vilcanota,” taking the name from a snow-capped peak.
From this knot northward he recognized three branches instead of
the two somewhat vaguely described by Humboldt. The Cordillera
Occidental follows the direction of the coast. The Cordillera Cen-
tral separates the valleys of the Apurimac and the Vilcanota or
Urubamba rivers, while the Cordillera Oriental separates the inter-
Andean region from the forest region of the interior. These three
Cordilleras unite in the Knot of Cerro de Pasco, from which point
northward three branches diverge. The Cordillera Occidental for a
portion of its way is divided into two, the western of which is known
as the “ Cordillera Negra ” (Black Cordillera) and the eastern or
main one takes in that region the name “ Cordillera Blanca * (White
Cordillera) because of its snow-covered peaks. The Cordillera Cen-

tra.1 separates the Maranon and Huallaga, rivers, while the Cordillera
Oriental separates the Huallaga from the Pachitea and Ucayali.

The Cordillera Central describes a curve, and is cut by the Maranon
at the falls of Manseriche. The Cordillera Oriental lowers, and is cut

 Aguirre and then runs in a north-
Cordillera Central. Humboldt states
157, 'With thig exception, it will be seen
Peru the description by Raimondi does

west direction and joins the
that it dies out in latitude g°
that in the northern part of
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: i gives a
not differ materially from that .by Humboldt;: Ba;ﬁsrﬁléglzf o
description of the Cordillera Occidental and no ss z From Huama-
passes, which vary from 2,186 meters to 5,075 meters. re than 4,000
chuco ,in latitude 7° 45’ southward the 2:7 passes zf»r;{ mo o in’the
meters above the sea. The lowesté Opasstls Sthat ol Huar ’
: ich i meters.

de?ﬁ?nflzrrlfh(;i 1;1;131(';;11;;1101; iﬁis Cordillera as to s‘tru:}?}sl‘e, aaixe*’
and snow line, etc., will be given under other.heaxz}slei‘lll1 palrt I(;f%he
Here, however, it will be noted that he says the SOuther a broad ele-
Cordillera Occidental is not a single range, but ral nis penks. It
vated band or high plateau, on which are Sl-tuate(}il vto she Continental
may perhaps be added here with propriety that 5ab TP IS0
Divide is a continuous range and that t?le Volcangz pble ime orossing
low the Cordillera, but are found in an 1rregUIai' t.ou of this line of
the western part of the high plateau. The relation not unlike that
peaks to the change in direction of the Cordillera 1s
of a string to a bow. inous area

It will t:,be remembered that Fumboldt spoke O.fda’ msfg;‘?; 0(1)1n this
to the east in the forest region. Ralmondl. dlt ILoat ig the disposi-
point, and indeed it is not yet possible to tell jus hw any explorations
tion of the mountains of this region, for althoug t Iclil thxt; mapping of
have been. made the wooded country hgs preven 2 al, according to
the topographic features. The Cordillera Central,

. ia, in Ecuador.
Humboldt, joins the Occidental in the knot of Loja, in

. iot in hi iption
because Loja is outside of Peru, and consequen dytheystatements of
of his explorations. He seems to have accepte

in his mapping. Lo s that
Hl%nﬁzldﬁoﬁevéi xEis%g) ,g;n his description Ofdt‘;illerjléi-i’n ::iyunites
he does ’not agree with the opinion that the Co; If]c?mdor by Santiago
in the knot & Loja, as is shown Onc'lizhe II—rizr;t‘;tes that the Cordillera
by Raimondl ; is the last
Zu%dgrmtlﬁemll)inofoP(fgli\lzglserif?he (Falls of Manseiizeilisazon. It
k”mncslrl of the Peruvian moun?a'insezlﬁ?irze:;};;i of 600 meters at
igh, since . nd

?}11? Tsz‘:lil::;toi:sfotﬁ: :Z:IIiZ, 2:1% ile thinks that to the north it lowers a.

i ntiago and Morona.
is lost in the plains between the rivers Sa ; f o and Morons, - evers

di
Wolf also says that to the east; of Ecufl with only small areas of
igable the country is a grea PIAI, Wi O 1 maps, as
;Z;I?Egi%:l:tiz;s and that the high mountains
u H

L d do not exist.
also those of Raimondi, are imaginary E;I;how « the disposition of the

.1
e Skefccgl I;loa;'lgggglng description. The Ecuadoran

Cordill ccording to the fol o

p::tizlne;'s Sfra;)m the gketch pubhshed by W
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THE AMAZON PLAINS REGION.
It is to be regretted that so little systematized information. is ftvail—
able concerning the. Amazon region. It has been explored principally

along its great Wwaterways, and the forest has prevented traw.elers frorrfx
obtaining comprehensive views of its physical features, which are o
relatively minor relief.

There are some grassy plains. These are of
insignificant extent as compared with the tree-covered area. .MOSf'
of the sheets of Raimondi’s map in the Amazon region are without
hachures, and Wolf hag

called attention to the fact that the moun.taiyds
shown to the east of Ecuador and in 5 region which Raimondi di

not visit are wholly fanciful, A chain of hills or an escarpment gives
rise to the falls of the Madierra, River, but further than this there is
little found in the writings

of explorers excepting the menti.01‘1 of
bluffs along the streams and occasionally hilly areas. Accordingly,
the region must be for the pre

sent dismissed without further attempt
to describe or outline its physical features,

SEDIMENTARY FORMATION 8.

CAMBRIAN.

The Cambrian hag not been
In some instances in the liter -
been considered ag g Separate era, but hag been included in the

ilurian accordi

ng to former usage. Accordingly formations have
been discussed

in conmection with the Silurian which may be of
Cambrian age. Steinmann (1904) b

as described green slates near
Chanchamayo, which he says are surely pre-Silurian, but the ab-
sence of fossils does not i i .
tions ¢ having lost hig collections of fossilg from Bolivia which
would have thrown light on the Cambrian and Silurian formations.

identified in Pery by means of fossils.

SILURIAN,

ordillera, Oriental into Bolivia
He found it to present physical

Europe. He says that it consists

¢ Introduction to paper by A. Ulrich on

Bolivien,”

“Paleozoische Versteinerungen aus

ature the Cambrian has evidently not

895
GEOLOGY OF PERU-—ADAMS. Th
limestones. e
lates, shales, and quartzites, b_ut he fo‘ér;(lit;lro and showed tl.mt
;f Cl’?;sy :vla:ich, he collected were examlnei- gy Forbes called attention
0SS1 1 : esented. . t these
Silurian is repr A and tha
frotgablfy cih:h;v:l gﬁa formation contains qgrtgozzizzicted the state-
o the fa . 1s. e . o s ite
. : ferous grave . s livia 1s a gran
have given vise to auri It Tiimani in Bolivk "
Orhi that the peak imani and Illamp
mepl: o s(illc?v:zl%;lythe section, and says that Illima .
peak as : . tain-
d of slates. . tal as con
(Sorae) lee cfgég;sfiescribed the Cordillera %ciftlee: (1878) in out-
. Raimon lt(b uartz veins carrying gold, az achs he classes the
111.1g' slatasl cugeo%’ogy of the Department of Axng
ining the ’ ] Prov-
oo n the Pr
sla;es as tiﬂuxflgzr u Balta (1897) has claSs],.;ad th:e si;tzlsl el presence of
1L souther. ; ilurian becau cker ¢ who
: nd Sandia as Si by Pfucker )
111;6 E(fli?:sra:r?gat;is classification was ﬁ)ileozvfihe%ﬂu .
}gl rev ,ntributed little to our knowle of Huanuco, in the central
Ogezz;’ (::1?1 his bulletin® on the Provllon?efo ference to the finding ﬁf
choa, riel relere t the
. des. makes a luded tha
part : f:lf;: flzzivgﬁi:r, from which fact he conclu
graptoly : he lower
ilurian 3 there. tolites the
Sl.lun‘an - pre(sigg‘i) identified by means of %zifml region of the
.Ste.l nmatin gion of Tarma, also In the' ssociated with the
Sﬂun?n‘m fhe rebrid he states that the gra.mte iy earance in lower
g?lrm'mn 'Aliizs’()?ordillera Oriental made its app
ilurian in . To
o . . ] the geo. gy
Silurian time. th Raimondi (1873), in c}:sc;ﬂ%l:ii - ofbHuarl,
Faxther to the :.1101;5 Ancachs, states that in t eolder sediments with
of the Departmen ﬁ)e of the Maranon, there are ins, which he refers
ooy Uooy In the Vaof {alcose slates with quartz Viy fossils. He also
& great formation lthough he did not mention a slope of the Cordil-
to the Silurian, a . i ilar area on the western %0 the north and in
iates that there lsc% ntal) at Pallasca. FatrtherSSing over the divide
lera Nevada (Occl % dillera Occidental, in P‘g Imos, the writer saw
the foothills of thelmos and in the vicinity of us qu,artz veins and
from Motupe to O (:)f slates cut by nunllgroMention is here made
extensive cxpoIe been ]g)I'OSPecIf"ed for g0 'Silurian, but it should
stringers which haveofeits resemblance to the
of the area because

. been found. of
. ntil fossils have the paleontology
1102]08 deﬁmtig:}flﬁzsseilf importan%ﬁi?:ﬁn%lggg) describing an ex-
paper w

. A-
the Silurian was published by

S0 I. fe e Sandia,
A iferous d

bre IOS acimeﬂtos aurl
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2 ker. In-
5, Luis Pfuc 1 Cuerpo de
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tensive collection of fossils from the Silurian and Devonian of
Bolivia made by Steinmann. Inasmuch as the same faunas probably
extend into Peru the descriptions of the fossils will be of value W%len
similar studies are undertaken farther northward. Recently Dereims
(1906) has described the occurrence of the Silurian a.t many .p.laces
in Bolivia, some of which are near the border of Peru in tl}e Titicaca
basin, although most of them are to the south in the 'C‘ordlller.a Reaé
(Oriental) of Bolivia, but he has not yet described his collections o

fossils.

DEVONTIAN.

The first recognit%n of a Devonian locality which has a bearing
on the geology of Peru was by d’Orbigny (1842), who made collec-

tions in the Titicaca Lake region in Bolivia and found fossils which
he described as characteristic of that period.

Forbes (1861) when in the field did not; distinguish the Devonian,

but included it with the upper Silurian. Later he was induced _by
Salter, who studied the collections of fossils, to show the Devonian
in his section because of t

he finding of Phacops latifrons, which Is
admitted to be g truly Devonian species. Forbes’s localities are in
Bolivia, near Lake Titicaca. ..
Mention hags already been made of the collections from Bolivia

made by Steinmann which were studied by A. Ulrich (1892) and
found to contain ap interesting series of Silurian and Devonian

fossils. The descriptions by Ulrich will be of value when the Devo-
nian in adjacent parts of Pery receives critical study.

Still later Dereims (1906) has described the occurrence of the
Devonian in Bolivia, near Lake Titicaca. He says it consists of sand-
stones of different colors ang thicknesses, alternating with shales.of
less importance. He obtained a collection of fossils, some of V_Vhlch
he mentions, but he has not yet published hig paleontologic studies.

All the foregoing literature pertains to Bolivia, but it has a direct
bearing on the geology of Peru, since the Devonian undoubtedly ex-
tends across the border in the T4

ticaca basin, Thus far no Devonian
fossils have been described from Pery,

fossils from Taraco northwest,

has reported to be Devonian,
specifically.

but Duefiase (1907 ) obtained
of Lake Titicaca which Bravo
although he did not determine them

CARBONIFREROUS,

The Carboniferous in Boli
who described g number of
which gave a definite reason

via was studied by d’Orbigny (184.8) ’
fossils. This wag the first informat}on
to suppose that the Carboniferous exists
% Enrique T. Duefias,

Bol. del Cuerpo de Ingenieros de Minas del Peru No. 53,
D. 156, See footnote,
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'*Orbigny also
1t the border. D’Or g >
. i localities are very near th slight, evi-
o Perué iﬁl: icfill:s (;t Arica to the Carbonlferoﬁs ;?-i:::z fougnd fos-
gile:;ebut this has been refuted b% Forbeasl.'e greiaceous, although he
- ) s . ding to br avo,
sils at Arica, which, accordin
&id not determine them specifically. Forbes (1861) are on the
The Carboniferous areas examined ]?y ing headland opposite on
i la of Copacabana and the prOJ‘fCtm’} r Forbes was placed
Penmsu‘ a', o On account of a declaramf)l} o1 wa. on the frontier be-
.Lakes'ggf;zts position, since these 100&1];:“?2 :;‘; collection of fossils
ina ai ;
v however, o bonif-
tween Peru f’;ie]:glliz;g' b;I §;1ter- F‘;rbes st:rml’fgts. t;l(;t the Car
i icaca.
Whlch_Wef eo to be found to the north of Lake tlh o eth some others,
o he o S‘l collected by Agassiz (1876), ?Ogg 9 Carboniferous spe-
The tfo;i’:3 ds by Derby (1876), who dfs'i‘r'?eaca He also found 2
were stu : do incaca. :chis River
. ata and the islan the Pichis River,
g;?riffzzniln?;?iials brought by Jamesn(i);t;nPioﬁcms and Strepé(l"
. t he has recog Apassiz, in the
and in his notes says tha : rthern Peru. Ag ).
bamba in no imens of Fusulina
rhynchus from near Mayo’ tates that specime .
i by’s paper, sta tes as to the occu
notes accompanying Der . ification. The notes I
dentificatio that near Lake
were sent to Mr. Brady for 1 Agassiz, who says L
i re by Ag ’ in. with the axis in a
rence of the Carbomferousfl . longated basin, with the t
T limited elongat Carboniferous a
Titicaca it lies in a rather ] He identified the Ca tod
"direction. He 1 Mr. Orrego state
northwest-southeast direc . nd says that Mr. g o
. - d Sumbay, a 2s Caylloma, and quote
Vilea, Santa Lucia, an far north as Caylloma, bonif-
. : und as fa d the Carbo :
that Carbom'fer(i:]}lxsatlsl%ﬁ(i)mondi reported he hi\f J:fraiﬁac at a locality
Orton os o height of 1,400 feet on th% Eo It would seem to
crous series tg %tbweerf the Pichis River and 'diiti%ication of the Car-
_mterm?dlate X til fossils are found the 1de and especially those
Ehe \;vmter ﬂ:;a:htnplaces mentioned by Agassiz,
oniferous a

. d to the
definitely referre 1
., should not be. a observe
reportedf .l Mr.ngrfﬁi’tei in journeying to Caylom:
Carboniferous. :

. be Cretaceous.  1od
i h appear fo d publishe
sedimentarygfggl‘ma:;gzl;;v il;xce Carboniferous of Peru and p
Balta (18 re

: had been
: ich the Carboniferous I ;
i reas in which the he locality from
@ sketch R Showmgltw?naﬂma Titicaca basm.agg ¢ ;Ie added noth-
shown to ex1,s t’CniIk?:ng:éerous fossils were obtained.
which Orton’s Ca

1900) as
. . : _ ted? by Fuchs ( h
ing especially new ) ea Was Tepor! £ Pisco, on t o
A small qarbomfer%izuﬁ of Paracas, ]}lst Sozil i?hin coai which
being found in rg}l;pg;‘mation there contains SO
Pacific coast.

45, p. 19, 1906.
. el Peru, No. 45, chs
enieros d? Lgssiisdula de Paracas, I. C. Fuchs,
fero de la

¢ See Boletin del Cuerpo de Ibiz)i X
b Nota. sobre el Terreno O%ar
Bol, de Minas, T. XVI, 1900.
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an attempt is being made to exploit. With the coal, fossil plants
were found by Fuchs. This is an important addition to our knowl-
edge of the distribution of the Carboniferous because of the geo-
graphic position of the area.

Steinmann (1904) reported the finding of a few characteristic
Carboniferous fossils southeast of Tarnia.,

The Carboniferous in Bolivia, especially in the region of Lake
Titicaca, was studied by Dereims (1906), who describes the formation
as composed of sandstones and shales, with a bed of dark limestone at
the base and with coal beds, He investigated the coal four leagues
north of Mocomoco, at Ococoya and Calacala, where it does not
exceed 80 centimeters and consists largely of shale impregnated with
carbonaceous matter and is not workable. In the peninsula of Copo-
cabafia, near Yamupata, he saw thin beds of coal, which have for-
merly been worked, but the coal is mixed with shale and contains so
' much sulphur that it can not be used. He states that on the island

of Titicaca it is of the same general character. His conclusion in
regard to the Carboniferous in Bolivia is that it is the lower or
Dimantian stage, and is everywhere marine and contains no workable
or good coal.

PERMIAN.

The Permian is not known to be present in Peruvian territory.
Certain sandstones in Bolivia which extend into southern Peru in
the Titicaca region were early classed as Permian or Triassic by
Forbes because of thejr resemblance to the typi

fl.escribed by Murchison, Forbes, however, states that no fossils hav-

lon comprises the youngest ma-

olivia and has a thickness of more than 1,000
Ieters. By the finding of fossils negy Potosi, in southern Bolivia,*

_in related fqrmations 2 higher age than Jurs is indicated, and accord-
Ingly he assigns them to the Cretaceous.

Dereims (1906) says that at Santa Lucia,
reddish sandstones and reddish gypsiferous
that are calcareous, which are of Permian age. The calcareous bed is
tull of Chemnitsia potosensis, first described by d’Orbigny. He re-
marks that ¢’Orbigny has referred this formation to the Trias on
lithologic grounds, but from the fossils it appears that it is Permian-

Hoek, and V. Bistraus,
gie des sudostichen Bolivi

near Potosi, he found
shales with some beds

2 Compare Stelnmann,

ete,, 1904, p, 3, zur Geolo

Zentralblatt fiir Miperalogle
ens. : .

cal Permian of Russis
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’Orbigny

Carboniferous or Permian. It will be remgmb.eregu?;;i; 312;110%’512;

described Chemmitzia potosensis from the Trl'assm, oty

value of the genus for indicating the .Car’i)oméfssggs O omoty
. 1o :

stioned, since the genus 1S 218 ' e
miegseguii will be’ recalled that the eyldence by Steinmann j |

is opposed to the conclusions of Dereims.

TRIASSIC.

i i iegated
Triassic a series of variega
*Orbi 1842) referred to the e fossils bub
retgigﬁb;gggst(ones )in Bolivia. He foynd a lzﬁr;ls(ifa V(r)ing e ost,
mentions only one, Ohemnitzia potosensis, the % ! eDereims oving re-
The age of these beds seems to stilé b(léo 1;2;1;‘(1)]1 G hos already been
- o
ferred them (1906) to the permo-Car

: i i v 4’Orbigny
m%ii‘é?eﬁgrbes (1861) commented on th(; glrszl‘g;at;ﬁcgdgd o gélle
and states that it would appear that aign T b deficient.

e s ic ch
o ink in the geologic ¢ ; ted that
Sl;lg'%zzlt;fatszgaihrelge 1rocks as Permian or Jurassic, but sta
their age is a question requiring more Studybe artment of Ancachs

Rdint{ondi (1873) in his volumedo:)l te};eandpshales with salt and

iassic certain red sandstone ith the gen-
Cassed os TTlfllg S:;gnfs to have been done 1n acco;‘ da'léczuivéession com-
gyx;sunll. tions of the rocks and to make the geo og; by Raimondi to
eliat re e}tlo 11 be remembered that the fossils Zen t}z,e Tnssification
Ié‘r:b% re“;xot given close diagnostic valtues, o b
we

imondi

1 places.Rzumon_

X ) little value. .In severa Jittle reli-

by Raimondi hajs r‘eally being present, but u.nfortur:ately i tings
speaks of the Triassic as being Steinmann’s later W

ance can be placed on this. According to oy o on beds are
(1904) the red sandstones and shales with )s;z ‘
to be classed as Cretaceous (Lower Liassic).

JURASSIOC.

: d did not
ils- of Jurassic age an
: : found no fossils- o : d the prob-
collz;ogﬁ;gzirélfg 2IzLis osection as Jurassic. He discusse

: America. s
abilities of its being present 11 South east slope of the Cor-

i the
. in his explorat19ns on termined by M.
Mo o .((118?:%, i?gund some fossils Whlclfkwezer;i: gabnelis 6f the
%lnelm 0051 :.I;si&c, e mentions an Arca like
ayle as Jurassic.

9 W 1 W. ¢} de"

i : : i isting -
i s Jurassic. . mian a series consl
terfxfgrl';ﬁei a(Slgfio) classed as Jursssic or BOX than 6,000 feet, These

i ore
principally of sandstones aggregating m

"aBol. No, 12, p. 24.

hY
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rocks were classed by d’Orbigny as Devonian and Carboniferous and
in part Triassic, but he cited no fossils. Forbes says that the b(?ds
contain plant remains (coniferous indeterminable) and he was in-
formed that a complete Saurian head had been extract?d. fro¥n the
beds by M. Ramon Due, but was not successful in obtaining it nor
some fossil bones and teeth now in the Musewm of Avignon in France,
sent there by M. Granier of La Paz. The character of these beds, as

already stated in describing the Permian, is like the typical Permian -

of Russia.
of fossils.

Raimondi (1878), in his study of the Department of Ancachs,
classes as Jurassic certain formations containing coal and yleldmg
ammonite fossils. However, he had no other determination for his
fossils than that furnished by Gabb, which was not very critical ar.ld
So 'we must rely on later work for the differentiation of the Jurassic.
It will be seen later that the plants and invertebrates from the coal
horizon of the Cordillera Occidental have been shown to be Cretfz-
ceous. However, Raimondi in some instances was probably correct in
assigning formations to the J urassic, since it is now known to be pres-
ent and has yielded numerous fossils, Bravo has called attention to
the fact that Gottsches has made mention of an ammonite from
Morococha which is in the Freiburg collections.

Fossil ammonites from Huallanea, in the Department of Ancachs,
collected by Durfeldt and belonging to the Freiburg Museum, were
studied by Steinmann (1881) and considered by him as indicating

the Tithon (which is homotaxial with the Portlandian) and belong-
ing in the upper part of the Jurassic.

Forbes concluded that their age must await the finding

CRETACEOUS.

The island of San Lorenzo at Callao was examined by Dana, and
his description is published in the report of the Wilkes expedition
He made some detailed sections of the rocks and found
some fossils which he considered as indicating the oolitic. He refers
in a footnote to the fact that James Delafield had reported ? upon
some fossils which Doctor Brinkerhoff had collected from the island
and presented to the New York Lyceu
field did not venture an opinion as to the age of the fossils.

Doctor Pickering, who was with Dana, found an ammonite at the
head of the Chancay Valley at an elevation of 15,000 feet in rocks
similar to those of San Lorenzo Islan

- d. This specimen is described
in the appendix of the report as Ammonstes pickeringi. Some fos-
sils from Trujillo are also figured.

%Uber Jurassiche versteinerun,
Carl Gotische, Cassel, 1878.

3 Amer. Journ, Sei., Vol, 88

gen aus der Argentinische Cordillere. Dr.

» . 201, 1839,

GEOLOGY OF PERU—ADAMS. 401
in South
D’Orbigny discussed the occurrence of t%le C;etaz;-eollll;r;ﬁcsrocks
America,band in his section shows an extgx&smt.;l(? h}; £d St differ.
on the west slope of the Corc}ﬂlera Qccill ZI;d ‘Ehem with the por-
entiate the Cretaceous, but %Vfcdeg:}i{ielélc u
i i i inter . .. .
Phi)’;‘lfix:aizﬁl fv};liz};fsii‘ﬁiges made from Arica to ]]igé;:’;i ]?12 s(gxii)s;s
fied (1861) as oolitic (Liassic) the rocks at {&mc:l,l ;vstated it ren
shales, claystones, and embedded porphyries, a t which he studied
o for éloing so that to the south of the distric V‘Vlded e e v
:ﬁz rocks are abundantly fossiliferous aqd .hfld l;yolzt 35 apecies of
searches of Bayle and Coquand and Phillipi 2 o eidenablo ex-
recognized oolitic forms. On his map he S}%ovgithern Peru.
tent of oolitic in the Cordillera Ocmdenifal Ot’ s b fossils which he
Apparently, Raimendi attempted to iden lfyHe evidently used the
colleed, although o did nof describe Blem. 1 the age of tho seds-
fossils as a guide in determining as best he courious W:itingS- ‘When
mentary formation, which he discusses In hl; v; e accompanied them
he sent his collections to Gabb to ]?e describe el distribution
by a letter (1867) in which he outlined the gj;)%l; rI()iing to pis ides,
of the sedimentary for:mati‘ons 03 ’llfli;l;) is ;istributed principally
Qretaceous (Witg Jléllﬁalsesrl; , ng,‘tiﬁ)ught the stratified éﬁckisll::azot%:
?Er’l e fW zsflem; a(;,rSan L;>renzo, near Callao, and ‘fmven (;Ic‘) be ,Creta—
i ear in this paper. reover, he
z:::glsi,nﬁix%;ogl?eall\ollzsozoic fossils was delaz)ﬁdaﬁgl%r%(;imondi to
did not give to them such diagnostic value as W _
revise hzi:s ideas in his later writings. hs he classed (1873) as
In his vol on the Department of Ancac e and other
tnceons corta Jimestones with echinoderms, oy ti<;n with the
g:asﬁseo?hf:rszgis fo be corxect 8% Vzlexwecgoliﬂggizgecwhere it con-
inati n of the Cretaceous 1n other <ils N
(siii:rﬁizgéo of limestone and contani Salgilia;‘t :& - that Mr. William
In his geological sketches (1876) Agass Purus, presented him
indless, ups his return from the River doubtedly belong-
C%landlesg, e aine ¢ £ the highest interest and undo River Aquiry,
with fossil remains o They were collected on the ties varying
ing to theOCreEaceozi- longitude 67°-69° west, in 10::eria,l, ing
Fron 40 t 050 ok Sbone s bove O andlars  says that the
. o,
fxfzttMolr(i)ila;i?ge?in%;#Aﬁgsaiessizwjizsi:tued of two Perfectly preserve
ateria :

or . 3

principal affftuent of the Purus,
Vol. 86, p. 119.

»? William

2% Notes on the River Aquiry, élsﬁ
Chandless, Journal Royal Geogr. 1y

N
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far mentioned as from the Cretaceous of Peru. It may not be
improper to recall, in this connection, that Forbes in discussing the
Permian or Triassic of Bolivia says that he was informed that a
complete Saurian head had been extracted from the beds and also
some fossil bones and teeth. This material appears never to have
been studied critically and not even a generic name has been applied.

The Mesozoic fossils sent to Gabb by Raimondi were described
(1877) and figured, but since then they have not been reviewed erit-
ically and studied in connection with further collections, excepting
that the descriptions have been referred to by later workers. The
opinions which Gabb ventured to give were not very definite, as
would naturally be the case in -dealing with meager and scattered
collections, In several instances he simply stated the age of the
beds according to the opinion of Raimondi. Gabb gave with his
baper a synopsis of the South American inve
and g bibliography of South American paleontology.

A number of fossils collected by Durfeldt from the coal-bearing
formation at Pariatambo, Peru, and belonging to the Freiburg
_Mugeurp, were studied by Steinmann (1881) and determined as
1ndlqz.1t1ng the Albien and marine origin of the beds.

This was the first paper by Steinmann dealing critically with the
baleontology of Pery. To him and his colaborers we are indebted

for a number of subsequent papers which are published under his
supervision as Contributions to the Geology and Paleontology of
South America,

The material from Pery studied b
a block containing fossils from Mo
Don J ose Barranca, of Lima,
the stone in acid a small fauna,
from the Strasburg Museum
from the same place. With

y Gerhardt (1897) consisted of
rococha (Pariatambo), sent by
to Doctor Steinmann. By dissolving
was obtained. The additional fossils
ere those collected by Reiss and Stubel
‘ this material he was better able to
deterrmn.e the age of the beds which Gabb had considered as Liassic
and Steinmann hag determined ‘as Albien on the border between
upper and 'lower Cretaceous. . He concludes that the coal-bearing
b.eds Qf Pariatambo are of marine origin, and that certainly in Albien
tlime in Peru 2 fauna reigned which was related to that of Europe
ahd nort'h Africa. In studying the fossils of Venezuela he identified
Ammonites Andsi Gabh from Peru with a Venezuela Lenticras, and
: €non was present in Pery,

The paleontological baper on the Cretaceous of South America, by
Paulcke (1?03), in so far as it pertains to Peru, is a filling out of the
gauna, studied by Gerhardt and extends our knowledge of the upper
Sz:iﬁeiosséajMost of the Specimens were collected by Reiss and

amarca and nearby places in northern Peru, but some
were collected by J. Bamberger. He found the Senoni’an of the

rtebrate paleontology

e
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i i necernin
er Cretaceous represented. He says, In s‘umméng ;poffz?che lowe%
ltllll)f lower Cretaceous, that in Pe.ru the only hlg,:ihfﬁe I]?\]%Ieocomian oo
Cretaceous (the Albien) is certainly known an |
abﬁl[zl ?sgffsfﬁfﬁthsa of the Corps of Engingers'ofsl\&necsr eoti;igﬂ;
J. J. Bravo has published (1904—19(?6) deter.m}nattﬁ:nmost mportant
f(;ssils and has described some species. This 1;; o o fets the
work done in paleontology by a Peruvian. T '{)ub 1 doveloping o
corps is gradually acquiring a collection of fossils ari e that
lp tologic literature. Bravo has called attention t e s
previo \ b]?ﬁucker y Rico had collected fo;sﬂs and glvgnt Tl
E;e;(tg;llsit}ires and a list of fossils obtained in the1 gljf;:g tswo pocies
(Morococha), but the collections were lost. I—II_eIs aa:t )
of Pseudo-ceratites from Yauli, described by y.t -0f Checras, in the
In 1904 Habich, in his report on the coa} dep_zslC i o o fossils in
Provinee of Chancay,? mentions the i:indlgl% 9
limestones and plants in the coal-bearing be (si tossils in Hualgayoo®
Similarly Malaga Santolalla (1904) foun. o o Cretaneons 15
d concluded that the middle or upper part © ; e Province
:lere(;(;llted there. He also gives’ a list of fossils from |
o rjmarce describedey YMclemtl)z %;Eegltisinﬂ he likewise gives a list
In his report on the Provin

‘ ] i ted a few fossils f?om near
o e . of Lo (19215(1) gzgci‘cibed » some Annelid tubes,

: uth of Lima, & ) ; . Raimondi-
acr?(;) 1‘; 11123\’7 ]Slll)ztcizg Sonnerate Pfuckers and redescribes §

anus Gabb. ) ade some collections in the
In the winter of 15032 Stemmannlsln;nd Qan Lorenzo in front of

Ners ima and from the 1so included
g(;i‘lcl;ilem’l‘iaiss,t x(:igégl was studied by Neumann, who also

uebrada
some fossils in the Hamburg Museum, from Iiud}i?s, iggoi};e(%%’?) he
ftH 111 a. in the Province of Ancachs. In o imcompletely
(s)ays ut?la:ufllg to this time the Oretalczous W?iwzr 3th‘etaceous had
ing to his knowledge no ;1 by Neu-
I;HOIZV 1% ?11;1%1 th%;hic;zzgillnilants from San Lorenzo, studied by
een found.

i £ Cajatambo,
i ith the Provinces O
R , 25, 85, 61, dealing W' 4 e o . Euaa.
G : Blgmeims?m‘zz'z121’329\;{:%1‘101: of ’Morococha, tlae I]’;ovmces
. o 5, T ively.
03;2 :ﬁld the Prox’zince of Huamachuco, 1%2:3;1 oI, e do
bA’npuntes sobre el distrito mineral de )
Minas del Peru, Tome III, 1883. cons
¢ Pgeudo-ceratites of the Oretz}c > d:a
¢ Bol. de Cuerpo de Ing. de Mina

Const. Civiles y de

ograph XLIV, 1903.

Mon
1. 8. Geol, Survey Jo Habich.

1 Peru No. 18, B A.V.

x
¢ Bol. No. 6.
f Bol. No. 81. o el
yg:ﬁ. Ilgg. 32. ¢l TFraile y algunos Sonneratia d

*Bol. No. 17, Los Tigillites del §alto il
Morro Solar. Carlos I. Lisson.
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ma

fro;n’S:I?rEof-Zgnd to be Neocomian (Wealdan) flora. The fauna

from Huallaue z]('_), was also referred to the Neocomian. The fauns

Rotomacion (25;,1 ucha, and Qhaco was found to be Albien, with the

Santonign Was‘ d ‘t)Wer'Cenomlan also represented at Huallal,lca The

Tarma). and fm(:n eﬁl;clie;i aatdAIgraﬁie Charata (between Oroim and

materi . - nd Huallauca and Le Qui i

Perzr?iddiif;:fi;nsreased the number of Sen%lil;iui};)ss;[l‘?efgﬁ

ome enti .
ﬂo;-: W_?ls ];he first found ineré;flilg ﬂrifco: s, while the Wealdn
'W ]

CretacéouS eﬂl;:m:epmbered that Steinmann (1906) has referred to the

which includes thucao sandstone formation, so named by him and
e Cora-Cora copper mines of Bolivia. This has

already been discu
ssed und i
sandstone extends into Pei'll‘lthe hoading of the Permian. ~ The Puca

TERTIARY.

Marine Tertiary of the Pacific coast.

The marine Tertiar
y of the sout
(k))%r ]é’}(l);'bes (18,?0), tho called it thehem b
o coast.” This formation is
rolgny (1842) and by Pissis (18
Yote much attention to it (
mlan.d from the stretch‘o
forming gently sloping p
beaches. The plains arve

e oastal plains was described
Tertiary and diluvial formation
also shown in the section by
s 56), who, however, did not de-
Fyoeo ng to Forbes-the Tertiary extends
o coast lying to the north of Arica,
o s which show evidence of ancient sea
abimdant fopgr s mposed of sand, earth, and gravel, with
eust, Fostry ment porphyritic rocks from the mour?t i ;3 the
1ons a trachytic voleanic formation seenfil?gslyocon'

temporaneous wi .
with the plains formation, which appears to have been

deposited while
. % the W 1
is in the form of ¢ 1317ﬂ's ere still under water. This voleanic material

by other depesits and ashes and has subsequently been covered

In di : .
discussing the saline deposits

in territory that now is :

the excepti W 1s 1n Chile) Forbes advan ; :

is due topv ;Iéaziifctlcle boracic-acid compounds t(lzlis ﬂrl-:sldaa ﬂ}at W.ltill

evaporating sea, Wafil uses, all the salines are s:ach af Wo?ﬁ?iebo lv‘gang
er or by mutua]l reactions of saline mat:er: thu}sr

left. This lacustri
strine hypothesi .
and s’_ca,tes that the chaiyxllp of elsiﬁl he applies to .the nitrate deposits

of the coastal plains (especially

"in addition to describing them (1869),

At
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by Raimondi to Gabb there was 2 collection from Payta. Gabb,
states that one set of four

while the remainder
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or five specimens was made up of extinct forms,
appeared to be Pliocene.

Orton (1870) mentions som
he collected from the bluff at
Grabb.

The portion of the Tertiary formations
plein lying between Payta and the Fcuadorian frontier was explored

and described by Grzybowski (1899). FHe traveled from Payta to
Talara, thence to Tumbez, and up the Tumbez River to Casadero,
from which place he returned to the coast. He made the following

divisions of the Tertiary:

o fossil shells of living species which
Payta and which were determined by

of the northern coastal

Pliocene - CODglOMErate ommmmmmmmes Payta formation.
. Brown shaleS—o—w—r—eme-m Talara formation.
Upper Miocene-—--) qun dgtone - —m——n-mm-- Zorritos_formation.
Lower Miocene_—_-. Bituminous shales -~ Heath formation.
Oligocene - —wen Hieroglyphic and massive
£andstone . mmm—m e QOvibos formation.

He collected and described fossils from these formations. The

QligOCGne, however, he distinguished more from stratigraphic rela-
tions than by fossils. The paper is accompanied by 2 sketch map
es where the formations were

and sketch sections showing the localiti
Rica Playa, on the Tumbez

fo_und. He observed a granite outerop ab .
River, and called certain rocks in the region of Casadero Paleozoic,

but did not identify them by means of foseils. Fle regarded the Pale-
ozoic as pushed up through the broken Tertiary. At Payta he noted
a shale formation (no fossils) on which the Tertiary rests.

Lacustrine Tertiary of the Sterra.

18492) described an ancient
£ which are shown
1856) also showed
£ volcanic tuff in

In the Bolivian Plateau d’Orbigny (
alluvial and pampean formation, the relations o
in the section accompanying his report. Pissis (
this formation but with an interbedded stratum o
the Titicaca basin region.

Forbes (1860) described the same
luvial of the Interior” and explaine
place according to the rocks from which
he shows locally a bed of trachytic tuff a
in the valley of La Paz, in Bolivia. . ) .

Agassiz (1876), in the paper accompanymgn i‘;i %ﬁ?:;g%giﬁ

sketch of Lake Titicaca, noted the lake deposits 1
and said that there are ’terraces up to 300400 feet above the present

level of the lake, and made some comments as to its former exten-

deposits under the name “ De-
d that it varies from place to
it is derived. In his section
nd explained that it is seen
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sion when at that stage. The most definite of these comments is, .

that in the direction of Pucara (to the northwest) the lake reached
to Sta. Rosa. He also remarked that Tiahuauaco, which is a ruin
of a temple older than the Inca civilization, is 75 feet above the
present level of the lake. From this we may judge that since the
Indo-humanic period, as recorded by the oldest monuments in the
region, the lake has not fallen more than 75 feet,

In journeying to the departments of Huaucavelica and Ayacucho,
Crosnier passed through the valley of Jauja, where he found a for-
mation which he considered (1852) to have been formed in an inter-
Andean lake about 80 miles long and from 9 to 12 miles wide, The
deposits are described as consisting of clays and gravels such as
would have been transported by streams., He estimated the thickness
at from 600 to 700 feet (200 to 300 meters). In the basin of Ayacucho
he also found a Tertiary deposit consisting of marls and tuffs. No
broof as to the age of these beds was given, but they were classed as
Tertiary from their general relations. )

In his bulletin on the Mineral Resources of the Provinces of J auja
and Huaneayo,> Duefias (1906) says that the valley of Jauja was in
former times the bottom of a great lake, which, by cutting the canyon
which is its natural outlet, has gone dry. The lake deposits he con-
sidered to be of glaco-fluvial origin. He published two photographs
of river terraces cut in these deposits. Duefias does not refer to the
acustrine formation by Crosnier, with which he
no doubt was familiar. The action of glaciers in connection with
fluvial action brings:in & new factop to explain the origin of the beds.
The author has seen a portion of the Jauja Valley, and is inclined
to doubt that glaciers contributed directly to form the deposits, al-
though products of glacial action were undoubtedly brought in by
rivers. If, however, lake beds were gll deposited during the glacial
period we must refer them to the Pleistocene of the Quaternary and

not to the Tertiary, as was done by Crosnier. This is a matter for
further study.

To the northwest of the

Titicaca Basin, Duefias (1907) observed
certain deposits in the Depa

rtment of Cuzco,® which he says are prob-

ably of lacustrine origin, They occur at several localities, differing
considerably in character. He mentions beds of tuffs and a stratum
i i rted finding sponge spicules. Because of

This is an unfortunate remark,

. since it is liable to be perpetuated in
the literature by being quoted

without questioning whether spicules

2 Bol. del Cuerpo de Ing. de Minas No. 85,
Y Aspecto Minero del Departmen
Minas del Peru No. 53, Enrique I,

to del Cuzco, Bol. del Cuerpo de Ing. de
Duefias, 1907, ,
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i i though
of marine sponges are actually Present in the gfpc(;ilti.sﬁéﬂhe ) :e "
Duefias finally accepts the lacustrl.ne- theory. for edergﬂ to, A
rather far when he remarks that it 1s ngthngwozrtment g
that Lake Titicaca once extended into’the e;;l iy a,PpearS unco-
From what the writer has seen of the ’copograpf }{ocal D o
gether improbable; and, moreover, the theory o o the for-
ta:\’ccount', in a more satisfactory manner for the occurrence

mations. Tertiary of the Amason reqion.

alle

James Orton, in his explorations of the “ﬁpeiitﬁnzizéibz, Wg‘;
collected some shells from Pebas, Wl%l(:h he subm: o the findiag of
determined them (1868) as late Tertiary. decaulse ial origin of the
these shells, Orton refuted the theory of the glas a disc;ssed later
clays of the, Amazon basin presented by Aga,SSI.Z an f the exposures
in this report. Orton (1870) gives a descrlptlzﬁ O'Napo River the
along his route of travel. He says thai." along N ; o village, where
only spot where the rocks are exposed is nearth aPwest af, the foot
there is a bed of dark slate dipping east. lea,r ez found by him to
of the Ecuadorian Andes, the prevailing rock Wraed with an alluvial
be mica schist. The entire Napo country 18 coz.zn of the bluff near
bed on an average 10 feet thick. The fol‘ma_lated clays of many
Pebas he described as consisting of fine Jamin shale and a coarse
colors, resting on a bed of lignite or bituminous '
11‘02;:;1131;{2% gzlslfrliz)r:der:ﬁz‘ collection of shells fron]; 1;:21% tan}cifz?
collection was made by Mr. Hauxwell, 2 part frﬁorfu them Conrad
them from 30 miles below Pebas, at Pichua. -

which does
found (1870) seven species of Pachydon (Gabb), giézzzst hich doee
not have any living representative and is .Ve.rynOt O 1o stnts
existing fresh-water genus. He says .that it is o Do e, growp
Withouzi?, doubt what the relative str‘fxtlgr_aphlc p;)t ton o e o
may be, but if all the species are e.xtmct it cag n b e e
tiary, a,nd that it may have lived 1nAfresh or brac
certainly not of marine origin. .
A collection made by Mr. Steere at I
(1874), who questioned there being evi

the shells.

i Conrad
bas was exammefi by Co!
Pgence of the marine origin of

QUATERNARY.
Pleistocene glaciation.
OCOURBENOE OF SNOW PrAKS.

tion to the
. 814), called atten' ¢
Humboldt, in his p rsonal narrative (1 ,H ¥ illas in latitude
absence ?)lf ts,nlow peakes between the Nevada aylillas

7° 55’ and Chimborazo in Ecuador.
88202—sM 1908—=27
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Raimondi (1873), in speaking of the Cordillera Occidental, says
that snow peaks are numerous in southern Peru, but that the most
colossal and gigantic are those in the portion known as the Cordil-
lera Blanca, in the Department of Ancachs, Cerro Hundoy, in front
of Caraz, is 6,828 meters high, while the bicuspate mountain Huas-
can, which dominates Yungay, rises to an elevation of 6,668 meters
in its northern peak and 6,721 meters in its southern peak. This is
near the northern termination of the perpetual snow. He also states
that Huaylillas is the most northern snow peak in Peru.

In the Cordillera Central and likewise in the Oriental there are
snow peaks which are mentioned by many writers, but thus far no
special study of the distribution of the perpetual snow has been made.

TaE LowEr LiMIT oF PERPETUATL Snow.

Pentland (1830) made numerous observations as to the occurrence
and lower limit of perpetual snow in southern Peru and in territory
which is now in Bolivia, He placed the limit at 17,061 feet, and ar-
rived at the conclusion that it is higher than would naturally be
expected and especially when compared with peaks nearer the
Equator. He attempted to explain this anomaly as due to aridity
and excessive evaporation. Raimond; (1879) has given 14,700 feet
as the average of the lowest limits in the Department of Ancachs.
In the Cordilleras, in the southern part of Peru, he places the limit
ab 15,100 feet or more. He commented on the previous observations
and explained that there seems to be a considerable error in Pent-
land’s determinations of altitudes and considers the deductions from
them as erroneous. Raimondi gives the following table of the gen-
erally admitted elevation of the lower limits of perpetual snow:

. Meters.
0°, or at the Bquator

o oS MAuatoY 4, 800
20 south T 4, 600
0 south oo T 2, 500
60° sowth ._____________ e, 1, 500

Gracrarron.
A fter examining the evidences of
ern Peru, Hauthal ¢ (1906) in a sho

climatic. condi?ions similar to those of the present prevailed during
the gla:mal period, but that a lowey temperature, due to cosmic causes,
gave rise to glaciers from certai

to 1 centers, and that there was no gen-
eral glaciation.

Duefias (1907), in his rep
the glaciated mass of igne

glaciation in Bolivia and south-
r't notice gave as his opinion that

ort on the Department of Cuzco, examined
ous rock known as the “ Rodadero * on the

“Qu rta.re Ver le SCher un, del- A-ndEIl m Bohvlell und Eelu’ Zelt
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hill above the town of Cuzco, and expresse(.i his 0p1n110n.that 1‘%1:
whole valley in which Cuzco lies was (?ccupled I?y ag acleriete o
evidence given for so great a gla,c}er‘ is not quite so ang)i 2
might be wished, at least its lowest limit should b.e detgzmmtel.'s A
cording to Duefias the elevation of the Rod.ade?o is 3,9 0 meters ,and
present limit of perpetual snow in that region is at 4,300 meters,

uzco is at 8,450 meters. '
¢ Undoubted,ly the limit of perpetual snow was much lgwex; ;ilzl;u;%
the glacial period. Just how much lower, is a questj:slon eie1 v nfuch
study. Raimondi has noted (1873)0)6}13';)1(30“111]'36;;3;0; morai

resent snow line in the Cordillera -

beig:,v ila?ngr places near the snow fields abandoned 01rqu§§ I;fgtisz
seen below the limits of the perpetua‘l snow and Fh(; {-,hlm e
glaciers of the present time. The writer has studie o e fgLake
beds and moraines in the vicinity of Poto to the north o

. : in th
"Titicaca in the Cordillera Oriental and has estimated that in the

glacial period the ice fields extended about 2,600 feet lower than the
present glaciers.® '
Recent elevation of the coast.

OBERVATIONS AT SAN LORENZO ISLAND BY DARWIN,

In 1835 Darwin visited Peru and landed at Callao},1 buzu]féﬂ;lseﬁﬁ
the troubled political condition he saw but. little of tfet]ge bag .three
reported finding on San Lorenzo Island, in fr".nglto f 85 feet, above
obscure terraces, the lower one of VS.’hlch, at a he1gt Oholl composed
the sea, is covered by a bed a mile in 1ength‘ a:ln"lOS. w {Ie found a
of shells of 18 species now living in the adjoining Sfe?l-t e ione the
bed of more weathered shells at an elevation of 170 dee 1 o ru%hes
shells at 85 feet above the sea he found some thread, pfa cts he con-
and the head of a stalk of Indian corn. From. th%se Ezbm  lonation
cludes that within the Indo-human period i_:here ha?O eenOften quoted,
of 85 feet. [These observations by Darwin ham;f een S onts
end only last year an exoursion composed of professons and Sfucones
from the School of Mines at Lima v1s1’ce_d .the.lSIan é) to the value
terraces, and failed to reach a definite opinion In regar

of Darwin’s conclusions.]

iNzO0 ISLAND BY DANA.
OBSERVATIONS AT SAN LORE - .
mpetently criticize

Fortunately, the views of Darwin have been co D tho Wilkes

by Dana, who (1840) visited the locality as a mem

observed that the glaciers of
tion at an elevation of about

¢Tn northern Bolivia Arthur F. Wendt has

- mina
Himans rata have their lower terml 000 feet. (Proc.
131,10133?%??1113.0;?&’5 the ancient glaciers reached down to 15

iz (1868), it will be
Amer. Inst. Mining Eng., 1890, vol. 19, p. .85') ;;gi::s;i t(hle Al.?a’azon Valley
remex;nbereti, regarded the clays and superficial dep

s i 'TOT.
as glacial deposits, but later recognized his erro

‘/
/ ;o
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expedition. His writings on this question seem to have been ovg—
looked, or are at least not so well known as those of Darwin. He
doubts the conclusions of Darwin, and says that the San Lorenzo
shells are in an irregular bed and not stra,tiﬁedz but are spread out
just underneath the soil, and, moreover, there is an absence of %Bn
inner cliff on the island, and nothing was seen which could confi-
dently be referred to as terraces. He studied the sea cliff on the f?or‘lt
of the delta formation to the south of Callao at a place where 1t 1s
from 45 to 65 feet, high. In this cliff he found remnants of tree's aIll'?T,
in an upper layer, comminuted recent shells. He regards this ¢ ld
as furnishing evidence of an elevation since the beds were deposited,

but says that to fix the time may require some further attention than
the facts observed.

PREHISTORIC INDIAN VILLAGE AT ANCON.

A short distance to the north of Callao is the small port of Ancon.

Archeologic researches have made known to us the very interesting

remains of a fishing town of at least great antiquity. These remains
and especially the interred mummies are hut a few feet above the
present beach. The proximity of Ancon to Callao precludes thg
probability that an elevation of the coast at Callao which Would
have raised San Lorenzo Island 85 feet would nob have -affecte
Ancon, and the writer wishes to adduce this as the most definite

proof obtainable that the coast in that vicinity has remained nearly
stationary during the Tndo-human period.

OBSERVATIONS AT ARIOA BY LIBUTENANT I'REYER.

In a letter to Charles Liyell,

Lieutenant Freyer says that to the
south of the Morro of Arica,

on indistinet terraces, wherever the
rock is exposed there are Balani and encrusting Millepora, and that
at a height of about 20 to 80 feet they are as abundant and almosb
as perfect as at the shore. Ag upwards of 50 feet they still occur;
but are abraded by the blowing sand, and, there are traces of them
at still greater heights,

OBSERVATIONS AT ARICA BY FORBES,

From Mejillones, in Chile,
intervals shell beds containin
habiting these waters. These
sea, but do not reach a height
successful in finding Balanj
of the Morro of Arica,

northward to Arica Forbes found.at
g exclusively shells of species now in-
shells are at small intervals above the
of 40 feet. He stated that he was 1ob
and Milleporas attached to the sides
and argues that no very perceptible elevation

¢ Geol, Proc., Vol, II, p. 179, published 1835,

i / / y
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s is
can have taken place during three hl.mdred alxlldd ﬁﬁzngzirioahow
shown by the position of Indian tumuli. e calle s winds
shells may be transported inland by h‘uma:n agencigfl,d Zhe me],[. e
and drifting sands, and advises cz}utlon in accepting ,
ence of shells as a proof of elevation.

S.
ND L. T POURTALE
OBSERVATIONS IN NORTHERN CHILE BY ALEXANDER AGASSIZ A

: i ¢ noted
In line with the statements by Lleuten'ant .}E‘Ee);elr fl;ooﬁialzigagua "
that in northern Chile, in a ravine 20' miles 1 R 38_3 000 Seot, “sogent
Beringuela (at Tilibiche), at an elevation of Q,Ehat ’Ehey D hcate. an
coralsb'” were found by Agassiz, \zvho says 0 there is ac-
inland sea connected with the Pacific ;Oceam]:1 a el  within
cordingly reason to believe that the continent has
a comparatively recent p-erlod.” . It is stated thab they
‘The corals were described by Pourtales. s e of two new
fossilized into a compact limestone and co e in any lower
;ve:;es One was referred to a genus not represen fhe Pacific coast
sfrata, i:han the Tertiary, a,nd' is noi; I;gjzr?:c;ni anenus which had
i er specles wa c iassic
fli é‘l)ﬂil}'i::- thrflléeboet:; degcribed only from Jurassic and Tr
fm"l‘nlllzt:frlis‘;er wishes to call attention to th,? fagt;zlﬁoz}ﬁfzissﬁse%?
b dato the © comparative s ?ecerti]tc;m?: ré}(ig re{;;ltions of the Tertiary
dence which is more convincing

X - gion.
sediments, which are widely distributed in the coast reg |
’ 2

HA
: ATERNARY OF T
Rarp RECONNAISSANCE OF THE LERTIARY AND Qu. \

: Coast.

Peru studying the

i i aveling through the coast of the occur-

0e’c])¥;z Wirritikl:tli;; to the undergrf)und waters, Ossfévsf far as was

geology d distribution of the Tertiary formation inod the ocour-

Ny time allotted to his work, al.ld bas o'uh d by the Corps

possible in the lmt' s in the bulletins by him publishe }; Litten the

o Of'the formal}[qnes of Peru. From WhitfG he,has ;s resented

of Engmeers o r ‘uvlvhjch includes a few m.odlﬁcatlferéia an(i)ampli £y
f&%ﬁf}iﬁiﬁitﬁume observers may use it to cor

a knowledge of the subject. n
ERITARY OF THE NORTHERN COASTAL

The Amotape formation. .
i i Xpose
tions which are € vl
i iven to the f01.'ma : e o the
Th}S namef vﬁio%;;e which is situated in thtee::: en}:l . e Bren
%lie Vlnaggi.; particulalzly well seen in the wes
ver an
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or Amotape hills (see pl. 2). The lithologic characters of the
beds vary considerably,

ates, and in some places beds filled with shells and occasionally

there are coral reefs. The changes observed in the nature of the

formation are due to the varying distance from the shore at which

they were deposited and to the deepening and shallowing of the
water during the time of sedimentation. Tt is probable that the
materials were derived from the mountainous area which during
Tertiary time formed the ocean shore to the east, approximately
where now are the foothills of the Andes.

The strata of the formation are not much lithified and the shales

and sandstones grade into each other and into conglomerates. In

the Brea hills the Amotape formation has been uplifted in an
anticline, giving

good exposures where the stream valleys have been
eroded. The thickness of the beds has not been studied carefully,
but from the outerops seen it is safe to say that on the average it is
not less than 1,000 meters, although the thickness may be much less

in some places and greater in others, depending upon the distance
from the Tertiary shore,

Fossils are very abundant and well preserved at many places, one
of the most noti

ceable being a large oyster which is found in such
great numbers that it is useq locally for burning lime.

. Th(_a principal mineral substance which is exploited at the present
time is petroleum, of which there are superfiicial indications at two
place's called 1a Brea and Ia Breita. The productive localities are
Negritos, Lobitos, and Zorritos located on the coast. Besides these
Some prospecting has been done farther inland. It has been reported
thflt coal has been found gt various localities within the limits of
this formation. That which the writer examined at Bahia de la Cruz
1s a lignite, and brospecting failed to reveal s bed of any importance.
The writer hag been assured that north of Sullana, at the base of
the.a Brea hills, a good quality of lignite has been found and of suf-
ficient thickness to warrant its extraction. However, the bed has
never been worked and further exploration would be necessary to

prove itg commercial value. The Amotape formation contains va-
rlous mineral salts, especially gypsum, which render the water
obtained from it unfi for domestic uses. The formation extends
throughout the plaing

1 region from the B i thward
into the table-lang to th e Hcuadorian border sou

ih e east of Pita, Undoubtedly it extends far-
e south, but the exposures are obscured by drifting sands and

: by the writer. Tt in this con-
hection that Wolf in his geologi may be noted in

consisting of shales, sandstones, conglomer- .
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i nti-
In the Brea hills the formation has been throwx;. ?i;nrslr;tiavely
cline. To the south in the plains region the forma 1od' o ol
horizontal. To the north of the hills there are 'ifti;i Tllfmbez River
folds. These may be well seen along the valey o t Boca de Pan. It .
and in the stream which empties into the oceaI]; a  olls is almosh at
is interesting to note that the direction of the rﬁ 1 with the border
right angles to the trend of the AI}des and para. ; e Province of
of the Gulf of Guayaquil and with the coast Gt of Guayaquil
Tumbez, which forms the souther.n part of the th of the range of
Moreover, the direction of the dips to the nc()ir them was actuated
hills suggests that the folding which produce ‘
orth. . been
fr?l‘l?l: lisrrlilter has not examined the .ax1s_of the m:fkes, bl_lé?vﬁzfe o
assured by travelers that it contains 1gne<;}i1 rthere; a6 SO 6X-
Tumbez Valley merges from the flank of the ;hs e anoe of which
posures of granite, which the writer saw and the p be older than
was also nc?ted by Grzybowski, but this granite magfe of hills may
the Tertiary. The anticlinal structure of: thg ranihe axis, but the
be due to the eruption of igneous rocks which otr}IlI;ir Wéster’n termi-
writer did not see anything to indicate 1-:h1s ab 1d be correlated with
nation, and he is inclined to believe that it sho‘i of the coast in the
the suiosidence which produceqlthe embaymen
re%??y%ﬁfféiﬁ‘ii thgr st fo study the Amotape formation, and

' mation
what the writer has included under the name “ Amotape for

ich he
: into the Heath stage, whic
has been divided by Grzybowski mi%e Zirl‘itos and Talara stages,

; ” bove it ! ' o
callxl‘slt ]}-Jlovv::e;lll:%?%;;’era;\lfioiene.” He also 1dent1§%d7h£r;2§;$:1ii
ZP;:I st:atigraphic grounds, the Ovibos stage, whic

. . ; have
the Oligocene. The exposures which he included in this stage

9 W 0 1 \' eSS

; : u

i’ r until after his own man . Paita
tﬁ G?lzlygowillzill;rﬁog;ad that Raimondi sent some fosli}fil fzﬁg; oro
to vérlabb ef.lc;r determination; the localities from w.

. ; how whether
collected were unfortunately not sufficiently Spemff cfgllsec(’;ion of fos-
they were from the Amotape fornglsn l\OTr 11;22 who made no special

; ; 1so described by Nelson, ted b
Zli:eiigﬁa%;;rflzofstvﬁzfraazz other than late Tertiary, as suggeste y

the title of his paper. ]
Pliocene formation at Puaita.

idered to
itv. The lower he consl

X n unconformity. 1 n imperfect
P one separatedTbge ?1pper consists principally %i Sa&% ;Vritelx? made
be tél i Amotf‘l?l‘;i-en he boarded the steamer 111 the bay

sandstone.

.
\ /- \
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PAITA POINT

LEVEL OF PLATEA
Fra. 5.—8ection of sea cliff at Paita.

PORT OF PAITA
Rr

i

=

P
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)
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SR AR
i e

% Original §

XVI, fig. 1.

a sketeh (fig. 5) of the relation of these two
formations, and upon sailing southward made
a similar sketch (fig. 6) showing the relations
of the bed as seen after rounding the point.
The presence of the bubonic plague at Paita
during the writer’s visit, and especially the
establishing of the hospital to the west of the
town, prevented a thorough examination of the
locality. Grzybowski, in his article, mentions
some shales cut by minute quartz veins which
he found outeropping te the west of Paita near
Paita Point. These shales, which were not well
seen by the writer, were included by him in
his sketch as a part of the Amotape formation.
q‘he division between the Amotape and upper
formation shown in the sketch corresponds ap-
proximately with the dividing line between the
sha,les. and sandstones of Grzybowski’s section
at Paitas (fig. 7). Grzybowski has described
what he calls the “Paita stage ” from the
logality at Paita, and if it had not been for
this th.e writer would apply the name Paita
fgrmatlon to the upper one, which he has
differentiated.

The age of the beds at Paita was not well
determined by the fossils which Grabb received.
He states that some of the fossils were extinct
f01jms, and that the remainder appeared to be
Pliocene. Grzybowski assigned the Pliocene
age to his Paita stage. The writer thinks that
the ‘unconformity which he has shown in his
section is unmistakable, and that accordingly
he would call the upper beds Pliocene. The
extent of. this formation has not been. deter-
mined with certainty, but it apparently occu-
pies the upper portion of the table-land of
Paita. _To the north, in the plains around Ia
Brea, hl!ls, it is not to be found in extensive
areas, since the
seen all belong to the Amotape formation;
The Brea hills were perhaps above the level
of the sea during the time it was deposited.
It may be more appropriately expected south-
ward, underlying the degert of Sechura.

good exposures which were

SEAL ISLAND

8 NP % Ny R i s L WS D AR L

F1a. 8.—Section of sea cliff to west of Paita.
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gure in Neues Jahrbuch fity Mineralogie, Beilageband XII, PL
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TERTIARY OF THE SOUTH CENTRAL COASTAL PLAIN.
The Pisco formation.

In the low hills to the north of Pisco, Whif:h is called “ 'Cirro (151{9
Tiza” (meaning chalk), there are expose@ white and yellow1s4: rocA f-,
which have a calcareous aspect much like chall (see pl b).
the end of the bridge over the Pisco River thfay may also rfhseesxz,
and at this place they have steep dips and strike to the noh Iv;v‘e .
This structure is continued into Cerro de Tiza, and crosses the ' 1sc<;f
River to the south until the rocks disappear ]_oeneath t}?e sands ge
the plains toward Ica. Many outcrops of this formgfmndnsl;mgrtion
seen, especially in the landscape to the 'south of Fhe ra; roIa staton
at mile 18, but there the beds are practlcally' hor1zqnta . In the o
River vatley the same formation is found restlx}g on igneous a;n e
stratified and metamorphic rocks. In a hill to the west o

Hacienda Ocucaje, in a hill called “ Cerro Blanco,” the writer saw

the remains of a whale embedded in the Pisco formation. There

w

. & oD
Paitaformation {“x g SEALEVEL

TelarFo.

I

Eol T e

a 3 m H m
State [F=====| Phyllite
Gonglomerate Sandsfons i Em==— ]

Fie. T.—Section at Paita, by Grzybowskl.

i

was also some strata in which a few marine shells iretfgnilgn;ﬁg
others in which phosphate nodules occur, but to an rgcl en e valley
that they have no commercial value. Earther south in iy
of the Rio Grande the Pisco formation is cut blY the canyo t Palpa
river, The tributaries of the Rio Grande which ﬂqu; ]i);;i forma-
and Nazca have cut deep valleys, in the walls of Wh-lm matrix of
tion is seen to contain a mixture of rounded stones 1n a

. ite
sand and clay materials, but with a sufficient amount of the whi

. i trate
chalky matter which characterizes the formation to demonstr

that it is only a littoral phase of the Pisco —form:atm?(; e oast of the

The Pisco formation is also found in the plains b e tho writer,
port of Lomas, where the remains of a whale were ]i e of ma.
and in one of the valleys which cut the plain alcqng O oy and the
rine shells was found. To the southward the ptitere Ol aros
mountains come to the seacoast, but at Chz_tlal 3 oF variogated
of Pisco formation in which the beds consist 1aIgey ;

clags. east of the Caflete, the
In the northern part of the S ase, bub containing
Pisco formation was found presen P

plains, to‘the
ting a littor

/ \
/
/ /
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some ] .
tionar;fl;;rﬁzsgige (:,ha.lk material and some beds of impure concre-
Pisco. The s aS1 1s1(§n1lar to What.occurred at the type locality near
Engineors of Minese c}imflk material was analyzed by the Corps of
small amounts of I.an ound to consist principally of silica, with
showed it to contain m and alumina. A microseopic examination
canic ash. many diatoms and what appeared to be vol-
In traveli . '
can be seejlh:lflfm?ljirnﬁ?ﬁmer fro?ﬂ Pisco to Lomas the Pisco formation
Although some fg 'le sea cliffs and rising to the table land of Ica.
critically,b The ac. ossf:l s have been found, they have not been studied
Writer has aSSiU’n:g qt the Pisco .formation is not surely known. The
lain by deposit: h.l to the Pliocene provisionally, since it is over-
which are probably of Pleistocene age, and there is

no information i
! which show :
earlier time, s the necessity of assigning it to an

TERTIA '
RY OF THE SOUTHERN COASTAL PLAINS.
The Moquegua formation.

The writer has oi i ‘
as given this name to the formation which occupies

the southern coastal plai
and others, al plains. It has been described locally, by TForbes

as : .
journeyed suﬁicilell’;(;ady mentioned in this paper, but no one had
with them. The stZai?Z esvfll'lehplams .to learn that, it was coextensive
iently in the valle ich constitute it can be studied conven-

y of the M : .
of the same name. Tt is alsgqiegua River, especially near the town

streams whi > well exposed in the
The easter}rlxl(i?m(i;zosz g:e plams,. since they have cjlzllgzspoiaﬁ;o?:
and the western limit e formation is at the foothills of the Andes
reaches to the Paciﬁc1 ()1‘s for-med by the chain of coast hills. I{;
of Peru and the Morro of Avie the interval between the coast hills
the coast hills of Chile OTAma’ which is the northern extremity of
the Moquegua formati. he character of the rocks which constitute
consist of sands with < on has been well outlined by Forbes. They
eds of voleani Al pecially noti i

water and ix(i:ef:gegcllae?na.l which appear g; h;xlrzei]gk;lc; agz tr};?t:glglri
which descends from z;lltil sands. In the valley of the Rilzfer Vitor
izziﬁfi I;eai‘ Ariguipa, beed.l:nod}feslagzSt fhe golca,no Mistd which :
e 10 ma e ] -

form a capp?;;}:‘;‘;ohlcaMnO and extended 0};761' t;:eglsivl?sl Clivlii'veﬂf:
¢ voquegua formation. The age of,the voeicaniz

rocks is not certai y

detormins thee;g;ng%rtlﬁno&n, and there has been no opportunity to

been found, It ig gene(; lloquegua’ formation, since no fossils have
ally stated that the voleanoes of southern

e e

e e e

i

GEOLOGY OF PERU—ADAMS.

Peru began their activity in Ter-
tiary times and some of them are
still active, although no greab
lava flows have come from them
in recent times. 'The writer
has provisionally assigned the
Pliocene age to the Moquegua
formation, thus making it con-
temporaneous with the Pisco
formation to the north. There
appears to be no reason for con-
sidering it as of greater age, and
in outlining the history of the
coast the Pliocene age seems for
the present satisfactory.

The thickness of the Moquegua
formation is variable, since it was
apparently deposited in a trough
between the coast hills and the
foothills of the Andes (see fig.
8). From measurements made in
some of the canyons a thickness
of 1,500 feet may be assigned.

QUATERNARY DEPOSITS.
Pleistocene.
TuE PACASMAYO FORMATION,

At Pacasmayo, in the southern
part of the northern coastal
plains, the sea liff consists of
stratified conglomerates mixed
with sand and occasional clay
beds (seepl.3). The formation is
also well exposed at the mouth of
the Jequetepeque and along that
stream inland. At Eten the sed
-cliff consists of a homogeneous
sandy clay. To the north of Eten
for a considerable distance the
coast is low near the shore and
there are no good exposures, SO
that the writer has not been able
to trace the Pacasmayo formation
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PACASMAYD FoORr MATION

AMOTARE FORMATION

Mivcere

PISCO FORMATION

BARRANCO FORMATION

Flerstocerre
Plrocens

Ve ery recant

Plerstocene

FPliccene
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Fre, 9.—Section correlating the formations of the coast.

1908.

ﬁ:‘;l;ezh;n that direction. To the south of Pacas-
descend t: oi?lftal plains narrow until the mountains
Throuchout t;,'l.shore south in the valley of Viru,
is Pepl%se ted 1s extent the Pacasmayo formation
relations Ic1>fe thl'n s various phases. The age and
understood wh ls.f(:;rmathn will be more clearly
the Barranco En 1t is considered in connection with
which it ha bormatlon next to be described, with
be regretted Sth een correlated (see fig. 9). Tt is to
the rglations fat m the .reg'iOIl of the Sechura desert
ern part of Oththe Tertiary formations of the north-
Pacasmayo of tl? northern coastal plains and the
the drifting g de Soutl.lem portion are obscured by
which miov}tft oﬁll S, which obliterates any exposures
relief. erwise be seen in this area of slight

BaRRANCO Formarion,

At the . . .
and Rim;;ali?ys of the Pativilea, Fluaura, Chancay,
appear to b Vers there are ses cliffs cut in what
leys to 1;hee :l aliid delta formations, In other val-
similay £ outh and north smaller areas of a

ormation may be seen (see pl. 4). At

Tamb
‘ 0 de Mora the sen clify has the same character

as at
tion ezinrgs lifq}is of the rivers, but there the forma-
the valley of thzndo and northward continuously to
area, which consti anete. The writer regards this
coastal plain o ltUtes.' 2 part of the south-central
understandini, as furnishing the key to the proper
doubtedly Ties of the Barranco formation. It un-
its relations to ;lpon the Piseo formation, although
are not ve ® latter south of the Chincha River
0V very clear 1because of thé intervention of
formation may alva ley. TIts relation to the Pisco
The character of sto be seen in the Caifiete Valley.
cementation in the ge materials and the degree of
ti°§s is similar, acasmayo and Barranco forma-

o X

tion offzisrlnlfnihave been found with the excep-
nute.d shells and oceasional branches

of trees, T
he Wl?ter hag assigned the Pleistocene

e R

' of the northward direction of the coast currents.
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creased volume of the streams and the erosion which accom-
panied the glacial period.c

RECENT FORMATIONS OF THE COAST.

The recent formations consist principally of materials transported
by the rivers and deposited at their deltas and of the wind-blown
sands which sweep over the coastal plains. In addition there are
places along the coast where the materials eroded by wave action
and transported by ocean currents have accumulated in the form of
recent beaches. The beaches here referred to should not be con-
founded with the raised beaches, which will be discussed later in this

paper. The deltas of the coast are usually unsymmetrical because .
In many cases

the deltas blend with the recent beaches, due to marine action. The
delta of the Tumbez River, which is the riorthernmost of the coast,
lies in front of a clearly defined sea cliff. Similarly the delta of the
Chira River blends with the recent sea beaches lying in front of a
sea cliff, which extends from the mouth of the river northward to

Negritos. :

The remaining rivers of the northern coastal plains do not 'ha,ve
deltas worthy of special mention. In the extent of mountainous
ns and the south -central

coast between the northern coastal plai
coastal plains there are o number of localities where recent beaches

may be found, and in this part of the coast the Quaternary and

Tertiary deposits already described are absent.
there is an area of recent beaches

To the north of the Santa River ' :
in which salt is manufactured by evaporation, the brine being ob-
tained by digging shallow pits, into which it filters. The area qf the

he salt water indicates

beaches is extensive, and the slight depth to t .
gea level. The materials

the fact that they are but slightly above
which have accumulated and formed the beaches have largely been
thward by the ocean

brought by the Santa River and drifted nor

currents. The immediate delta of the Santa River has extended sea-
nland. In Chimbote

ward and so connected an island with the mai ;
and Samanco harbors one may see an area of drowned mountainous
coast. At some former time the two bays were one, but the accumu-

d one of the larger

lation of sand has formed a bar and connected 0 >
islands with the mainland. The front of the raised delta of the

Rimac River, on which Lima, the capital of the country, is located,
has been largely cut away by marine erosion, am‘i the currents }éave
drifted the materials northward, forming the spit of land calle la
Punta, which is a feature of the harbor of Callao. This spit 1
author may be found in Bulletin
ru, published in 1905,

A Jescription of the Rimac delta by the
No. 88 of the Corps of Engineers of Mines of Pe



- crests of the mountaing,
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gradually extending, and lying between it and the island of Sm
outcome of t;;: Illb(l)‘j)vc:sbank on which the waves break., The ultimate
s : .
.ani San Lorenzo Islandfnay be a connection between the mainland
t P

port Wazrgnc(}eerro .%Zul the rocky promontory which protects the
by the growth a? tls and. Tt has been connected with the mainland
a number of d 1(; 519 de.lta of the Cafiete River. Similarly there are

e'ta deposits and recent beaches in the southern part of

the s 31 .
coast. In riding on a train from Mollendo along the beach before.

the a
glongzlis()fv:}}llie Eaﬁge o7 coast hills is made one may see recent con-
in process Jof p ch have been partially eroded, and marine beaches

The materia{)x;matmn.
in areas of sand gansporte(-i by the winds has in places accumulated
of the wind,. but thunes which are moving with the general direction
ing a mantlZa on thee}ﬁ(l)re common condition is to find the sand form-
and often risin UL slopes and rounding the contours of the hills,
g well up 0'}1‘1:0 the :1des and in some cases even to the
to be fo . e most extensive area of drifting sand is
In the ﬁiﬂe;n tII;e Siﬁhum De.sert and the plains to the east gf Piura.
resisting treespanéeb ° §;_md 1s held by a sparse growth of drouth-
in the tzpoora h: quheS. The height of this drifting sand as seen
of its greai t}l:i ciy of the ,-9°untI'.Y reaches perhaps 200 feet, but proof
The drillers coul{(;lelsls x:ifas obtained when a well was drilled in it.
which they passed alt'; Iy be expected to distinguish the point ab
nothing but sand an(:iuh of the wind-drifted sand, but they found
well to a depth of ad no difficulty in driving the casing of the
If one refle)ars to tslfmethmg over 3,000 feet. ° =
figuration of theocoaetmap of th‘? coast of Peru and observes the con-
see that the directions hm the region of the desert of Sechura, he will
ing from the Pacific ]Z anges more to the west so that the Winéls blow-
is carried inland b t}?ve 8 clean sweep over the desert, and the sand
this fact which aos y Winds in a nearly northern direction. It is
sand has been derivegr;;dlei fho low r.elief near the coast where the
to Ithe east of Piura, e great thickness of the Aeolian deposits
n the sou .

sand hillg bef?&eg;nﬁzl Cogsta;l Plains there is 4 conspicuous area of
of Iea and Palpa, Thea;n Pisco; also some smaller ones to the wesh
in the southern coastal plea?;: 1;’1;?31221? B%rte‘is af migrating sand hills
? of the dunes attain great alti-

tudes, the surface .
of the plain i
dunes as over a floor. plain is hard and the sang moves in crescentic
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RAISED BEACHES.

The action of the sea in cutting cliffs may be well observed along
the coast of the northern coastal plains, where the Tertiary forma-

tions at many places rise in sheer plufts. The same process has been

in operation at other places on the coast where elevation has taken

place and the cutting action of the sea is displayed in a succession of
marine terraces. These are especially noticeable on the coast between
Pisco and Lomas, where the Pisco formation displays approximately
ten distinct terraces rising to a height of perhaps 1,000 feet. Along

Top of Kl an North eide of Ocofia River at lis mouth
S/50FL.

Terraoe cul i1 [greous rock
2850072

Zerrace covered with rivor &0 widare
/80072,

30077,

* I\ Yellowclay and sendstors
\ Witk sorme bacliders

T1q. 10.—Section showing marine cut terraces at the mouth of the Ocofia River.

the southern part of the Peruvian coast in front of the range of coast
nyons through, there are ter-

hills where the rivers have cut their ca 0 -

races in the igneous rocks which constitute the hills and also in the

remnants of what were once delta formations of these streams. The
by the writer and

terraces at the mouth of the Ocofia River, as seen Wrl
measured with an aneroid, are represented in the following sketch

(fig. 10). The upper terrace at Ocofia is the highest one which was
found on the coast.

Tarroca cut in igricous rock

r08507¢.

Sloping terroce
750F5

1601t SEALEVEL ey
(Compare

t terraces at the mouth of the Ilo River.

F1¢. 11.~—Section showing marine cu
fig. 8.)

The railroad station, Tambo near Mollendo, on the Southern‘ﬁlaﬂ%
way, has an elevation of 1,000 feet and is situated on the nortlfx side o
the River Tambo near its mouth, on an extensive terrace .Whlcl} xpug,t
have attracted the attention of many iravelers, although its origin 1,s
not explained in any scientific article which has come to the writer’s

notice. )
The terraces south of the Ilo River,

the above sketch (fig. 11).

pear its mouth, are indicated in

/ \\,» ,
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Incidentally it may be said that at the
mouth of the canyon just north of Pisagua
mn Chile similar terraces may be seen, the
upper one being at an elevation of some-
thing more than 1,000 feet.

Thgse terraces, taken together with the
elevatlc?n at which the Pliocene Tertiary
formz.tt}ons on the coast are found, record
the rising of the land. Accordingly, the
upper terraces may be Pleistocene and the
}ow.er ones Recent, but there is nothing to
indicate two periods of movement, and the
Spacing and disposition of the terraces cut
I the Pisco formation indicate a gradual
elevation.

Groroero Skerrons or TEm ANDES.

SECTION OF SOUTHERN PHRU, ARICA TO LA
PAZ, BY DAVID FORBBS (1860).

If the general section of Peru by Forbes®
(fig. 12) is divided so that it may be com-
pared with the succession of zones parallel
to the trend of the Andes, as distinguished
py Steinmann at a Iater date, the follow-
Ing may be enumerated from the coast
toward the interior:

1 Mes.ozoic sediments with interstratified
porphyries of the coast range (at Arica).

_2- The Tertiary (and diluvial) forma-
tion of the coast plains with trachytic tuffs
and ash beds.
Ooﬁ.ti'f)hz gd;.orltes of post-Cretaceous (post
t 4. The Mesozoic sedimentaries with in-
erstratified porphyries of the western
slope of the. Cordilleras cut by diorites.

51; Voleanic trachytes and trachytic
rocks of the Cordillera Oceidental cutting
the Mesozoic sedimentaries.

b fx; ane of P'aleozoic (Carboniferous and
evonian) sediments of the Titicaca basin
with later « diluvial,” including a bed of

Geol, Soc, London, Vol. XVII, P1, 111,
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1. Zone of slates (Silurian) and granites. .
Comparing these zones with those enumerated by Steinmann, later

to be mentioned, it will be seen that there are no gra.nitic.: rocks in
the coast and that the coast range which extends from Arica south-
ward into Chile is not comparable with the coast range at Mollendo.
In fact, there is a gap between the two just north of Arica. In other
respects the zones are quite comparable excepting for the. difference
due to the structure of the Titicaca basin. The rocks which Forbes
called “ Permian” or “ Triassic” are now called “ Cretaceous ? by

Steinmann, and above are included with the Mesozoic.
SECTION THROUGH THE DEPARTMENT OF ANCACHS, BY RAIMONDI (1878).
It should be remembered in considering this region that the Cor-

dillera Occidental divides into two branches, T,he' western ]mozvx(lj as

the “ Cordillera Negra ” and the eastern or principal one, the  Cor-
dillera Blanca.” Raimondi made no section, but from his writings
one may recognize the following zones:

1. Granites and syenites of the coast.

2. Mesozoic sediments with porphyries . e
mentaries are rare in the coast but are found more abundantly inland.

3. The diorites are seen in the Cordillera Negra and the Cordlllera:

" Blanca up to the limit of snow, but not m the crest of the range ocl1
axis. The eruption of the diorites posterior to the Jurassio remoxlfle.

and lifted some formations of the Cretaceous and introduced metalilc

and diorites. The sedi-

veins. .
i esent, there now being no volcanoes.
4. Trachytes anterior to the pr ) D ent

T in the Cordillera Blanca and t )
hese rocks are present in the e i tho latter tont

in the Cordillera Negra but not forming _ :
mondi thinks the eruti)tion of the trachytes occurred ab a time Vivohen
the two Cordilleras formed one mass and that they have since been

separated by erosion. ]

p5. In theyvalley of the Maranon are found older s.edn'nents, talcosl?
slates with quartz veins which are referred to the Silurian. A Slifla
ares, of similar rocks was also noted at Pallasca on the western slope
of the Cordillera Nevada.

SECTION OF ECUADOR, BY WOLF (1892).

ador as outlined by Wolf and‘ co-
as to compare it with the sections

. Reviewing the geology of Ecu
more or less distinct

ordinating the data in such a way .
already given of Peru we find the following
zones : .
1. The Tertiary and Quaternary
origin,
88292—suM 1908——28

formations of the coast of marine
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2. The Cretaceous, principally in the western Cordillera @ of Ecufl-
dor. This rock presents three facies: (a) Toward the coast and in
the hills of the coastal plains, limestones, siliceous limestones, and
shales with variegated sandstones and quartzites; (&) in thg moun-
tain basins, sandstones, and clay shales and slates; (c) congloinerates
and breccia form conglomerates, sandstones, and clay shales predomi-
nating in the Cordillera.

8. With the Cretaceous are associated porphyries and gret.anstonesy
some being contemporaneous and others post-Cretaceous. With these

igneous rocks, of which the diorites are the most common, are asso-
ciated the minera) deposits.

4. The gneisses and crystalline schists of Avchean age principally
in the eastern Cordillera.

There are granites in genetic relation with
the gneisses and syenites in genetic relation with the schists.

5. The voleanic rocks which are related to the still active group of
volcanoes of Ecuador. The volcanic tuffs contain bones of Quater-
nary mammals, but the voleanic activity may have commenced in the
Tertiary.

6. Lacustrine Tertiary in some of the inter-Andean basins.
SECTION FROM LIMA TO CHAUCHAMAYO, BY GUSTAV STHINMANN (1904).

According to Steinmann there are in Peru six zones, well marled
by their distinet geologic composition, which extend parallel to the
axis of the Cordilleras, These zones are designated as follows:

1. The granitic-Tertiary zone of the coast.

2. The first zone of Mesozoic sediments,

8. The zone of diorites

4. The second zone of Mesozoic sediments with g porphyritic f?,cws.

5. The third zone of Mesozoic sediments with a calcareous facies.

6. The zone of slates and granites, ‘

The first zone is not represented in the vicinity of Lima, but may
be found to the south from Pisco to Mollendo. = The granitic r?CkS
are siluric or pre-silurie, cut by Mesozoic porphyries.® The Tertiary
formations are probably Pliocene. )

The second zone near Lima containg sandstones and quartz.ltes,
shales, and slates, with some limestones. The age of the formations
is Oretaceous (Neocomian) ag ig shown by invertebrate and plant
remains. The structure is in the form of an anticlinal fold. The
sedimentary rocks are cut by dikes of porphyry.

“Because of the fact that the Cordilleras Oriental and Ocecidental in Reuador
are nat the equivalents of

the Cordilleras Occidental and Oriental of Peru, they
are here spoken of as the “wegtern ”-and “eastern » to avoid confusion.

uggest that the small Carboniferous area near Pisco
should be included in this zone,
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" i hyries pre-
In order to make clear the aspects u_nder. Whlf};l zlgegg:p ]?“rrom pthe
sent themselves, the following ex'planatlon tl eous time, a shallow
T e of the Triassic, during Jurassic and ,Cret}? ’ region which to-day
ze(z)mswith a gradually sinking bottom occupied I; this sea, in which
constitutesbthe e (:if th‘%téc&inqnesﬁlense eruptions of basic
i were being deposited, lomerates
no?;liicsiiléﬁznzicurred, tal?ing the forms of flows, cong s
vole .
breccias, sandstones, and stratlﬁed tuffs. the western slope of the
The third, or diorite, zone 1S ﬁound o learly younger than the
Cordillera (Secidental. The diorites are ¢ ea: S:Tm?; m(;c amorphosed
Cretaceous sedimentaries, sincett!ley ;;;’;Z: ;Ed nasses of darkell',
1 diorite contains oroic Tocks which
ﬂleﬂ: bzrtls‘?ce Ialggmgner-grained diorite. The dMeSOZOIC r
mor . ) .
ied t};is zone have nearly all dlsappearte slope of the Cordil-
OCSJT‘III: fourth zone includes the crest a.nd eastern the Mesozoic rocks
lera g)cc?ilclient-al. Here the pOI‘Phyri,tlc faz{mésr;?aceous, are strongly
i i formations, Jurassic an tlv to the est
1fso 123;%1‘3::1& glzeinclination of the beéis 1: mifpgsg:e;boind (for the
? : ; esitic e The
t. In this region an . ext zone.
if; toai?eqzjlitﬁtic) and extend eastwagiﬁife:il Zrlfdesites.
. P1 deposits of the region are related sdually replaces the
mm]eﬂmﬁfﬂf) one in the calcareous formations g; estone formation,
T E oy Zfacies until it becomes a greatsic”:‘nd Cretaceous age-
e y? the fossils, is shown tobe of J umf»51 Although no fossils
W}ﬁ}thergin\}th zone granite and slate are fm;?de.re d to be “Silurian be-
‘ i lates, they are CODSIGTE, ] in southern
have b(;eilhi?:’;;is;;ﬁﬁiie to the kmown zone of Silurian i
cause o > e
Peru and Bolivia. ) is o series of dark siliceon
the Mesozoic sediments there 1 s, which are believed
BelOWd \ dstones, with some conglomera ezile existence of Car-
slates anl sanic ond éspecially Carbomferousad,n o, few character-
;%f&e]j:u:oﬁ the region being proven by finding

. wm,
with salt and gyps
lera of Peru, the red sandstones and Shgl(;?;teS, are referred to the

. Tard uartzites an accordingly
;thhﬁ.v Zrlzotfflssssﬂlilﬁ‘;?ilng been found ?S yet, and they

O'WQI' 18 o 2 S,

belong to the series of Mesozoic sedimen

COoNTINENT.

. raph there isa map

ing d’Orbigny’s monogr: he -geologic

In the atlas ac cOmpan'ymgh eneral dlStx_'lbutlon o tiognal and
of South America showing the g is very conven

i is ideas. The map ery is
formations according to his ideas t noticeable error as regards Perv

is of little value to-day. The mo§

-

Ace or TaE CORD

// g \\.' \\



49
6 ANNUAL REPORT SMITHSONIAN INSTITUTION, 1908

th N . .
noii}i; Ill?l“lngz thed c]cjlntmulty of the Cretaceous in the Andes between
connects witl sl}il T cu.ador, so that the Tertiary of the Pacific coast
the Gulf ot Guae e.rltla.ry,of the Amazon basin in the latitude of
showing the de {raqm - D’Orbigny also published four small maps
25 a o o :e Oﬁment of the Sopth American continent. He took
Brasiling coastmaF area o‘.f gneissic and primordial rocks along the
o Aﬂ; rom this area the land mdss developed to the
. additio‘n y ﬂer lth~e Carbon'lferous he shows a land mass in Guiana
an ol k-mdle arger one in Brazil. After the Triassic he shows
and follomin s }Jinascs in the eastern Cordilleras of Peru and Bolivia,
1and s, bb . f- retaceous he unites the Brazilian and Andean
mass of Cret;zrceo ringing border of Cretaceous, and shows an isolated
remining ui’ in Ecuaé{or and Colombia and Venezuela. The
Tortiars I()i d§ of the continent were formed by the addition of
¥ and diluvial. [The maps by d’Orbigny are of only his-

A )
gassiz appears to have followed in a measure the ideas advanced

by d’Orbi .
Aymazon vg;syfirs?seksj y}f In substance (1868) that the valley of the
namely, the platea,ue ; ed .out by the elevation of two tracts of land,
of Brazil on the g (i):h Gulax}a on the north and the central plateat
tablelands were Iifto IE{ b It is probable that, at the time these two
the ocean flowed bet above the sea level, the Andes did not exist and
period the uPheav;{ “;e:}? them through an open strait. At a later
of this strait and tho e Andes toolk plac, closing the western side
cast. Tt soem mapt us transformed it into g gulf open toward the
Amazon basin Wasalliriltgat at the close of the secondary age the whole
which crop out at.o ed with ?J.Cretaceous deposit, the margins of
observed along its e loc?, lities on its borders, They ha;e been
Andes, in Venezuelsa? I:Lfi};g?t;llmlts on i.ts western outskirt along the
cerotain localities near itg gasteir?he?:elme of mountains, and also in
rton evi ,ouse.
Ppoetical andd?;i}(rﬂ:oé-lowed the ideas advanced by Agassiz, but his
South Americs, is Osflca1 account of the geological d:velo;;ment of
“Three times the And[n0 value to science, Ho says, for example:
level and again wer 1es sank hundreds of feet beneath the ocean
The first attem t? fvf?ﬂy brqught up to their present height.”
of Pern was in hi P1 ; hich Raimondi made to outline the ceology
s etter to Gabb (1867). e stated that the?aastern

Cordillera j

of micaceoéz Zflég Ii.;e?ter age geologically, appearing to be composed

the clovatis th%:; cose s.lates which have been metamorphosed by
granttes, that have also introduced numerous

length of 1s made up in nearl .
ock of much more recent ageI?Mesoch})T. thgnvgillfiﬁ gfoﬁ
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of rocks, probably Carboniferous, form the great basin of Lake Titi-
caca, and a small spot in the heights of Huanta. '

Tn his volume on the Department of Ancachs (1878) he elaborates

his ideas somewhat more fully. He says that the first land relief
produced within the limits of Peru was not the Cordillera which
forms the continental divide, but the grand mountain chain which
in Bolivia forms the Cordillera real and extends northward into
Peru.
This grand chain is formed for the most part of talcose and clay
slates and owes its relief to the eruption of granitic rocks, which,
however, did not always find their way to the surface, being rare
in the southern part of the chain, but in many places the eruption
introduced quartz veins into the slates. Contemporaneous with this
relief perhaps occurred the eruption of the granites and syenites of
the coast, which in many places contain thin veins of auriferous
quartz.

After the Jurassic began the eruption of the porphyries, and when
the Cretaceous had begun the grand eruption of the diorites took
place. Following the deposition of the Cretaceous the axis of the
Cordillera was brought into relief. '

A sketch of the geology of South America was read by Steinmann
before the Geological Society of America in 1891. This sketch 1s
explanatory of a map which was prepared by him for 2 second edi-
tion of Berghausen’s Physical Atlas. Unfortunately the map 1s very
small, and, moreover, data were not available for an accurate map.
From the sketch the following points may be gathered which are
of interest here. 7

In Devonian times, as is indicated by the sediments, there was an
extensive sea embracing the larger part of South America, especially
Brazil and Bolivia (and extending also into Peru).

The Carboniferous deposits were more restricted, but are known
from Peru, Bolivia, and Brazil.

During the Permian, Triassic,
the South American continent was
Triassic and Jurassic marine deposits
part of the continent, rich collections of Jurass
obtained from the Cordilleras of the Argentine, Chile, and Peru.

Tn contrast to the small extension of marine Triassic anfl Jurassic
the Cretaceous covers a large area, marine Cretaceous being found
in all parts of the Cordillera of the Andes from Venezuela to

R G £ for its eruptive forma
i th America is famous 10T 12~
R aller attention for its

tions of the latest time, but it merits no sm ttentl
submarine eruptions during Mesozoic time and the injection of the

Mesozoic strata by dioritic rocks.

and Jurassic the greater part of
above sea level; however, the
have been found on the western
ic fossils having been
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Continent, fait en 1799-1804. Pt I. Relation historique, Paris, 1814, P?I'SOHﬂI
narrative of travels to the equinoctial regions of the New Continent during aliae
years 1709-1804, translated by H. M, Williams, published London, 1818~ b‘
Also translation by Thomasing Ross, in three volumes (see Vol. III), pub-
lished in 1858, ) y
1830.—Pentland, William, On the height of the perpetual snows in the Cog
dilleras in Pery, Bdinburgh New Philosophical Journal, Vol, VIII, p. 811, 1831}
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lished in Proceedings, Vo, IT, p. 446-449, 1838, (See fuller account in Geoé
logical Observations in South America,” being the thirg part of the geology 0‘
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1849.-Dana, James D, United States ex

ploring expedition during the years
command of Charles Wil
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bublisheq 1849,

1852.—Crosnier, L. Géologie du Pérou,
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¥ del Sud del Perd, por Davidq Forbes,

1861.-Sa1ter, J. W. On the fossils from the High Andeg (Bolivia) collected

by Davig Torbes. Quart, Journ, Geol, Soc., London, 1861, Vol XVII, pp. 62-73,
pls. 4-5 (Palwozoic fossils).

1867.~Raimondi, Antonio,
Nat, Set.,

Published.
1868.~Agassiz, Louis, Geologieal Sketehes,

Published in «a Journey in Brazil,” by Pr
1868.—Gabb, William, ipti

Notice géologique sur les dépal‘t‘;
Annales des Mines, Paris, 1852 (5t

Letter to Willi

am Gabb. Proceedings Cal, Acad.
111, 1867, pp. 859-360, Treats of

geology of Peru, only part of letter

Secong series, 1876. Previously
ofessor and Mrg, Agasyiz, 1868.
fossils from the clay deposits of the
Vol, IV, p. 197, 1868.

W Species of South American fossils.
urnal of Conchology, Vol V, part 1

1870.—0rton, James,

The Andes and the Amazon,
lished 1870, .

Harper Brothers, pub-

-
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Conrad, T. A. Description of new fossil sh;llfsiz(')om the Upp
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Tertiary. .anard T. On the molluscan fa..una867 by E. P, Larkin and
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.) Trans. Conn, Aca sus riqueza
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—Rai . ) .
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1876. inti £ a collection of fossi 0 o
. Description o . iladelphia, 1877, n
.Aﬁ:S??._g;?m?;ng. il\lf Peru. ~ Journ. Acad. Nat. SE;J’S; Igjflaéd;)ufh American in-
ntonio ) , ins a syn
. 263. (Contain ican paleontology).
series, Vol. VIII, Part III, p. ibliozraphy of South Americ "
? bliography eq. 3 ruanischen
T ate paleon];cgloz‘;é'u;gi aflj);)er Tithon und Kreide in den Pe

1881.—Steinmann, N I
Anden. Neues Jahrbuck, 1851‘ Epii(t)és sobre el distrito mineral de Yau
. —Pfliicker Rico . 111, 1883, -
Anl:lsei df ggg;t G?viles y, de Minas delﬂfel,:;%oi[c‘g;%f South America.” Atmel'lf

inm “A sketch of the Geological Society o
1891.—Steinmann, G. ad before the ond
; . 855-860. Re . ich forms a sec
can Naturalist, 1f§;i ppf])his sketch accompanies a maszzuzlil’erthes)' “Abstract
America Aug. 25, ical Atlas of Berghausen (Gotha JllI 13. Tull paper in
214 Slsonsston. mun oo Soc Aoty 1891, VoL, TII, .
and diseussion, . © PE . Beilage-
; i . ivien.
American Naturazhst(;ld Palaeozoische Versteinerungen aus Bol
1892,—Ulrich, Arnold. 5, 1892,
N Ch, VO].. VII, DP. 9 Ecuador, )

band. = Neues iheotoro. Geogratis 3 e with 2 maps). Leipaig, 1803,

1892.—Wolf, Tt Gobierno de la Reptblica (Wi ajo & Carabaya 180T,

ordon. del Suprer;os‘ Observaciones hechas en 1;Ifllv;or 1897-8.

- . -~ 0Ol.
1897. Balta’Geggr. de Lima, T. VII, Nos, 1-2-8, ideformation in Venezuela

Bol. de 1 Soc. K. Beitriige zur Kentniss der Krei

1897.—Gerhardt, K.

{lageband XT, 1897.
hrbuch, Beilageban - es
T e N%uessiiil Josef., Die Tertmrab%agelgmfgnxdl T 180,
99— Grzy gw na, Neues Jahrbuch, Beilageba el Pert con un mapa. La
thre Mmus}fff a;;losé. El system carbonifero en
1899.—Balta, . . 9 : ing. Cam-
: Lima, 1899. , Pickering.
Revista Cientifica, Mateoralogs, Sclon T. Bafley and Baward O et Comege (at
1899.—_—Peruv1an‘Me ef the A’Stronomical Observatory nfiguration and heights
bridge, 1899. Annalls .;)9 part 1. (See Chapter II on coO!
Arequipa, Peru), vol. 39, " te.
.—TFuchs, F. C. Nota ima, 1900.
Palrz(?:(;s F]lglol. de Minas, ’1‘01:1101."§V;:3 1pﬁ 50;1‘ I;;n ULV, mstud
* ATV B .
—Raimondi, Antonio. : José Balta.
gei?é):icos (primera serie), (1902), edited by

Publicado por

n drdlichen Peru und

onffero de la peninsula de

ios mineraldgicos y



430 ANNUAL REPORT SMITHSONIAN INSTITUTION, 1908.

1908,— . .
. Neues :
1904.—Steinmann, Gustav. ahrbuch, Bellageband XVIT.
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