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The age assignments of the Tertiary formations of northwest Peru have changed con«i<^'rably 
since the first attempts to date them. This paper summarizes the reasons underlying the/currentl 
accepted chronology. 1 ' I 

I N T R O D U C T I O N 

A n outs tanding problem i n the geology of northwest Peru is the correct"? 
assignment of the various T e r t i a r y formations. Certa in ages were expressed b y 
Olsson i n his deservedly famous series of papers (1928-1931) b u t these differ 
appreciably f r o m the ages ci ted b y more recent authors (e. g., T r a v i s , 1953; 
Chalco and Zevallos, 1954). Some papers i n the i n t e r v e n i n g period have referred 
to different aspects of the problem (Wiedey and Frizzel l , 1940; Cushman and 
Stone, 1947, 1949; Symposium, 1949; Frizzel l , 1943), b u t to the reader not f a m i l ­
iar w i t h Peru the w r i t t e n record presents a confused picture. 

W i t h a view to assisting stratigraphers and paleontologists concerned w i t h 
regional correlat ion this short paper presents an annotated s u m m a r y of current 
age determinations of northwest Peru. As a s t a r t i n g p o i n t Table I presents the 
old a n d the new strat igraphic tables side b y side, revealing the pronounced 
differences between them i n relat ion to the Eocene format ions; on ly a p a r t of the 
upper Eocene retains its or ig inal age assignment. 

O L D A N D N E W C L A S S H ' I C . A . T I O N S 

T h e old classification was expressed b y Iddings and Olsson (1928) and 
Olsson (1928-1931). I t marked a great advance on the previous system (Bos-
w o r t h , 1922) and was adopted b y other workers for the next decade. I t s main 
basis was surface geology a n d molluscan paleontology. 

The new classification was foreshadowed by Wiedey and Frizzell (1940) i n a 
brief paper which escaped general a t t e n t i o n . I n the published record i t is best ex­
pressed b y T r a v i s (1953, chart , p. 2097), summariz ing m a n y years of s tudy b y 
the geologists and paleontologists of the I n t e r n a t i o n a l Petroleum C o m p a n y . 
The necessity for change arose p a r t l y f r o m the gradual accumulat ion of subsur­
face data out of accord w i t h the old classification, p a r t l y f r o m increased a t t e n ­
t i o n to the Foraminifera and their u t i l i t y i n local and regional correlat ion. 

The main weakness of the old classification lay i n the dearth of mollusks i n 
the Eocene of Peru which have (or had i n the late ' twenties) a recognized value 

' Manuscript received, Apri l 7, 1955. 

' Paleontologist, International Petroleum Company L t d . The paper summarizes studies by 
numerous past and present geologists and paleontologists of the International Petroleum Company, 
to whom appreciative acknowledgment of their work is here made. The paper is published by kind 
permission of the company. 
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T A B L E I . C H R O N O L O G Y OF P R I N C I P A L T E R T I A R Y FORMATIONS I N N'ORTIIWF.ST P E R U 

New Classification 1 Old Classification 

Formation Age A,. Fornuition 

H e a t h shale Upper Oligocene Upper Oligocene Heath shale (of north) 

M a n c o r a sand and conglomerate Middle Oligocene Middle Oligocene M a n c o r a fm. (of north) i n c l . P u n t i 
B r a v o grit 

Cone H i l l shale •Upper Oligocene H e a t h shale ( C o n e H i l l facies of 50 ti) 

M i r a d o r sd. a n d cgl. Upper Middle Oligocene Mancora fm. ( M i r a d o r of south) 

C h i r a shale L o w e r Oligocene C h i r a ( B a y o v a r ) shale 

V e r d u n sands S a m a n formation (incl. Verdun grits) 

Pozo shale 
E o c e n e 

Upper Pozo shale 

T a i a r a sandstone 
E o c e n e 

T a l a r a sandstone " 

T a l a r a shale E o c e n e T a l a r a shale T a l a r a shale 
M i d d l e 
E o c e n e 

E o c e n e T a l a r a shale 

B a s a l T a l a r a cgl. 
M i d d l e 
E o c e n e L o m i t o s (or S a m a n ) cel. 

Cabo B l a n c o shale a n d sandstone L o w e r 
R e s t i n fm. (part) 

Cabo B l a n c o shale a n d sandstone L o w e r 
M i d d l e Cabo Blanco sand, local beds of P a r i -

nas fm. 

C h a c r a shale 
E o c e n e 

Rest in fm. (f>art} 

P a r i i i a s sand 
E o c e n e 

E o c e n e 
P a r i n a s s a n d 

P a l e G r e d a shale a n d sandstone ( M i d w a y ) 
E o c e n e 

Pale G r e d a fm. 

Salina-Negritos sh., sd., and cgl. ^ Paleocene 
Salina fm. 

Salina-Negritos sh., sd., and cgl. ^ Paleocene 

L o w e r 

Eocene 

Upper Negritos fm. 

Balcones shale 
( D a n i a n ) 

L o w e r 

Eocene 
L o w e r Xegritos shale 

M e s a sands 
( D a n i a n ) 

L o w e r 

Eocene 

Petacas shale, A n c h a cgl. Upper Cretaceous N o t k n o w n 

* T h e double usage of middle a n d upper Oligocene is due to the miscorrelation of the M i r a d o r a n d Cone H i l l formations 
of the L a Brea-Parif ias E s t a t e with the M a n c o r a and H e a t h of the Zorritos region. 

as regional age indices. Reading through Oisson's papers (1928-1930), one can 
not fa i l to notice t h a t exceedingly few of the mollusks were considered identical 
w i t h , or even closely s imilar to , species already described elsewhere. St i l l fewer 
were given annotat ions indicat ive of a precise age value. Consequently, the main 
features of the old classification .>»i;ere the fo l lowing, i . The range of the Veneri-
cardia planicosta clan (Negritos fcrmatiion t-o Verdun ("Saman") f o r m a t i o n ) 
de l imited the Eocene. 2. The pronounced u n c o n f o r m i t y at the base of the Talara 
f o r m a t i o n , m a r k i n g a complete change of faunal type a n d overlain b y Disco-
cyclina-hcsinng beds, was correlated w i t h the Jacksonian transgression of the Gulf 
Coast. 3. Statements b y Vaughan and Cushman were c i ted, asserting upper 
Eocene age for Discocyclina peruviana. 

These basic postulates have been set aside i n the new classification. Veneri-
cardia planicosta (s. I.) is found in marginal marine facies b u t i n Peru the beds 
over ly ing the V e r d u n are offshore shales (Chira , Cone H i l l ) a n d brackish-water 
beds ( M i r a d o r ) ; hence, theabse-nce of Venericardia planicosta is no proof of their 
Oligocene age. T h e basal .Talara u n c o n f o r m i t y can no longer be correlated w i t h 
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the Jacksonian transgression, m a i n l y because of revised ideas on the age status 
of Discocyclina (cf. V'aughan, 1945), supported by strong middle P^ocene afhnities 
of other Foraminifera in the lower Talara shales. F u r t h e r m o r e , the foramini fera l 
evidence demonstrates some miscorrelations in the older scheme. I n part icu lar 
the M i r a d o r - C o n e H i l l sequence i n the southern area ( C h i r a val ley and Lagu-
nitos section) is appreciably older t h a n the M a n c o r a - H e a t h sequence i n the 
n o r t h , despite close s i m i l a r i t y of the ir l i thologic character, a n d facies-controlled 
molluscan faunas: the name " R e s t i n " was misapplied to various shelly sandstone 
facies ranging in posit ion f r o m the Pale Greda to the lower T a l a r a . These mis-
correlations were n a t u r a l i n the early studies of Peruvian s t r a t i g r a p h y , as the 
structure is complex and the l i thologic character is monotonous. Even the most 
recent papers (Chalco and Zevallos, 1954) indicate c o n t i n u i n g di f f icu l ty of the 
M a n c o r a - M i r a d o r problem, and separation of the uni ts l u m p e d together as 
" R e s t i n " b y Iddings a n d Olsson s t i l l presents a p r o b l e m to the subsurface geol­
ogist. Nevertheless, they remain miscorrelations and must be accounted for i n 
the current strat igraphic table. 

The foregoing s u m m a r y of the reasons for change i n age assessments is fo l­
lowed b y brief notes on the evidence used i n assembling the current strat igraphic 
table. " •- • , . • 

S T R . A T I G R . ^ P H I C E V I D E N C E F O R N E W C L . - \ S S I F I C . \ T I O N 

Ancha conglomerate.—Despite an a b r u p t u p w a r d change f r o m shale to con-, 
glomerate, this u n i t seems to be conformable between the Campanian-Mae-
str icht ian Redondo shale and the M a e s t r i c h t i a n Petacas shale. 

Petacas shale.—A sparse microfauna i n c l u d i n g Rugoglobigerina rugosa a n d 
Giivibelina glohulosa indicates correlation of the Petacas shale w i t h the Maes­
t r i c h t i a n M o n t e Grande f o r m a t i o n . 

Mesa 5 a « £ ? . - A l t h o u g h not demonstrably unconformable above the Petacas 
shale, the Mesa sand ap])ears correlative w i t h the basal M a i Paso conglomerate 
exposed 20 ki lometers south of Paita (Olsson, 1944, map and top of p. 14, there 
confused w i t h C h i r a ) . A t this exposure the beds are unconformable on late 
M a e s t r i c h t i a n formations and must be determined as basal T e r t i a r y . U p w a r d 
passage of b o t h the Mesa sands a n d the conglomerates at Paita i n t o upper M a i 
Paso (Balcones) shale indicates their lower Paleocene age. 

Balcones shale.—This is the " M a i Paso f o r m a t i o n " of which the foramini fera l 
fauna was described b y Frizzell (1943). N o w the M a i Paso is treated as a group 
consisting of the Ancha, Petacas, Mesa, and Balcones formations, of which the 
Balcones is the thickest and best k n o w n . I n the o ld classification the Balcones 
shale was passed over as non-fossiliferous lower Negri tos shale, assigned to the 
lower Eocene ( Iddings and Olsson, 1928, p . 11; Olsson, 1928, p. 9) . Frizzell 
stressed the presence of Marssonella oxycona, Pseudoclavnlina {Claviilinoidcs 
auct.) clavata, Spiroplectammina grzybowskii, and Pelosina scruposa. He could 
also have mentioned Rzehakina epigona vars., w h i c h , though scarce in the sub-
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surface of Frizzell 's type area, are commorein some beds at the surface exposures 
about 20 ki lometers south of Paita . (These exposures were mentioned and 
mapped as Chira b y Olsson (1944, map and top of p. 14), b u t B. Stone later 
recognized the r ich Balcones fauna while invest igat ing an obscure record of 
Rzehakina a n d Spiroplectammina b y M a c f a d y e n , 1933). 

Frizzel l correlated the Balcones d irect ly w i t h the Tamesi (V'elasco) f o r m a t i o n 
of Mexico and the upper par t of the T a r o u b a f o r m a t i o n ( L i z a r d Springs beds) of 
T r i n i d a d and expressed the age as Upper Cretaceous, "younger than the N a v a r r o 
and older t h a n the basal T e r t i a r y M i d w a y of Texas, and not represented i n the 
Gulf Coast sect ion." Olsson (1944, p. 18) accepted Frizzell 's reasoning and refer­
red the Balcones fauria to the Danianst age of the Lower T e r t i a r y . This opinion is 
s t i l l i n force, w i t h an assumption t h a t the t e r m " D a n i a n " designates a basal 
T e r t i a r y stage older t h a n the type M i d w a y . 

Salina-Negritos formation.—Iddings a n d Olsson (1928, p p . 11, 12) separated 
the Negri tos f o r m a t i o n (lower Eocene) f r o m the Salina f o r m a t i o n (middle 
Eocene) on the basis of a sharp change i n the suite of molluscan fossils. L a t e r 
students have treated this change as a sign of a l ter ing facies, of no special age 
significance. 

Olsson (1928, p. 14) stressed the first appearance of Venericardia planicosta 
i n the Negritos f o r m a t i o n as evidence of its lower Eocene age. T h i s is correct i n 
the o l d usage of the t e r m lower Eocene, w h i c h included the Paleocene. I n the same 
paper (p. 73) Calytrophorus {Aulacodiscus) lissoni, a common and characteristic 
mol lusk of the Negritos , is compared with.. Veatchia carolinea of the M i d w a y of 
T r i n i d a d . Peruluta crassmscula oi the Negritos has later been recorded i n the 
Paleocene of Venezuela ( S u t t o n , 1946, p . 1658). 

N o reason was ever stated for placing the Salina as high as middle Eocene. 
A c t u a l l y , apart f r o m evidence t h a t the o v e r l y i n g Pale Greda is Paleocene, there 
is internal evidence t h a t the Salina is Paleocene. Local beds of glauconitic shale 
conta in a r ich foramini fera l fauna very s imi lar to the Pale Greda and, i n p a r t i ­
cular, i n c l u d i n g Glohorolalia crassaia aequa. 

Pale Greda formation.—Iddings and Olsson (1928, p. 13) and Olsson (1928, 
pp. 10, 11) referred to the Pale Greda as .middle Eocene w i t h o u t s tat ing their rea­
sons. I n fact the only mol lusk given*any'age-signif icance was the n a u t i l o i d 
Eutrephoceras negritense, which Olsson compared w i t h M i d w a y species (p. 100). 

The foramini fera l fauna of the Pale Greda has been described recently b y 
L . Weiss (1955). I t contains several of the benthonic species d is t inct ive of the 
Gulf Coast M i d w a y faunas {Siphogenerina eleganta, Biiliniina arkadelphiana 
midwayensis, Ammobacidites midwayensis, and others) a n d the regionally estab­
lished M i d w a y marker Globorotalia crassata aequa. 

Parinas formation.—The Pariiias sandstone was included i n the middle Eo­
cene b y Iddings and Olsson (1928, p. 13) and Olsson (1928, p . 11). T h e y noted a 
basic s i m i l a r i t y of the mollusks to the Salina-Pale Greda suite ( "Clavi l i thes 
f a u n a " ) b u t give no evidence for their age assignment. 
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The var ie ty Venericardia planicosta parinensis appears to be closely related 
to the species V. toasi f r o m the Paleocene of Venezuela a n d T r i n i d a d ( S u t t o n , 
1946, p. 1658; Dusenbury, loc. cit., pp . 1739-41). Sparse i n d i v i d u a l s of Globoro­
talia crassata aequa have been noted i n shale breaks i n the lower Parinas. 

On this l i m i t e d evidence the Parinas could be Paleocene, b u t , because of the 
great thickness of beds already referred to that epoch, i t is preferred to l ist the 
Parinas as probably lower lower Eocene (Wilco.x). 

Chacra formation.—In the old classification the Chacra was p a r t of the com­
posite u n i t k n o w n as the " R e s t i n f o r m a t i o n " a n d referred to the middle Eocene 
( I d d i n g s a n d Olsson, 1928, pp. 11, 12; Olsson, 1928, p. 15), a l t h o u g h i n current 
terminology its components ranged f r o m Pale Greda (Paleocene) to middle 
Talara (upper middle Eocene). The Chacra of current usage is referred to i n the 
older papers as the " R e s t i n " outcrops between Negr i tos a n d T a l a r a . Wiedey 
a n d Frizzell (1940) introduced the present name i n d i s t i n c t i o n f r o m the true 
Rest in f o r m a t i o n . 

The old age determinat ion , being based on a m i x t u r e of faunas, clearly has 
no standing. T h e only age-significant mollusk ment ioned b y Olsson i n the 
Chacra is a species of Gisortia {Gisortia) w h i c h he considered d i s t i n c t l y suggestive 
of the lower Eocene (1930, pp. 64-67: recorded as f r o m the Pale Greda 1,000 feet 
below the Cabo Blanco sand, b u t this is an error due to miscorrelat ion of the 
Cabo Blanco and Parinas sands). 

Cushman a n d Stone (1949) described the Foramini fera of the Chacra a n d 
treated them as middle Eocene. T h i s d e t e r m i n a t i o n was p a r t l y based on the 
reputed presence of the marker species Virgulina restinensis and Bolivina ignara 
i n the middle Eocene of Colombia. B u t i n a recent personal communicat ion 
( J u l y , 1954) V . Fetters i n Bogota states t h a t he can n o t c o n f i r m these records, 
asserting that the middle Eocene faunas i n Colombia resemble the lower Talara 
fadnas of Peru, not the Chacra. The Chacra Foramini fera are d i s t i n c t l y different 
f r o m the suites present i n the Pale Greda below a n d the T a l a r a above. 

• The inference of this l i m i t e d evidence is t h a t the Chacra is lower Eocene. 
Cabo Blanco formation.—Recently, the oft-misused t e r m " R e s t i n f o r m a t i o n " 

was discarded, and the post-Chacra-pre-Talara sandstones a n d shales exposed 
i n the cliffs at E l A l t o are now k n o w n as the Cabo Blanco f o r m a t i o n , consisting 
of a lower + 200 foot sandstone member (the Cabo Blanco sandstone) and an 
upper 800-1,000-foot shale and sandstone member ( t h e . " R e s t i n f o r m a t i o n " of 
Iddings and Olsson, Frizzell , et al.). 

Iddings and Olsson (1928, p. 14) referred to the Cabo Blanco sandstone mem­
ber as " T h e most n o r t h e r l y p o i n t where the Parinas sandstones have been re­
corded." T h i s is a miscorrelation, since the Cabo Blanco sands overlie, and the 
Parinas sand underlies, the t h i c k Chacra shale. I d d i n g s a n d Olsson (1928, p. 15) 
also incorrect ly correlated the upper shaly u n i t of the Cabo Blanco f o r m a t i o n 
( their " R e s t i n f o r m a t i o n " ) w i t h beds of l i thologic s i m i l a r i t y n o r t h of Mancora 
val ley (Pale Greda-Parinas), at P u n t a N a u t i l u s (middle T a l a r a ) , i n the Jaboni l -
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' isU u p l i f t area (Pale Greda) and south of Talara (the type Chacra). 
" " The Cabo Blanco f o r m a t i o n is k n o w n only in the E l Al to-Los Organos area, 

where i t was presumably preserved because of a s t r u c t u r a l l y low posit ion d u r i n g 
the pre-Talara phase of strong erosion. N o age-significant fossils are recorded 
f r o m the Cabo Blanco f o r m a t i o n , b u t , i n view of its conformable contact w i t h 
the under ly ing Chacra f o r m a t i o n (lower Eocene), and the strong u n c o n f o r m i t y 
separating i t f r o m the over ly ing Talara (middle Eocene), the Cabo Blanco forma­
t i o n probably represents the upper lower Eocene. 

Pre-Talara hiatus.—Age assessment for the Cabo Blanco f o r m a t i o n is largely 
control led b y the t ime value given to the pre-Talara hiatus, a n d b y the knowledge 
t h a t a considerable thickness of middle Eocene beds follows the u n c o n f o r m i t y . 
Physical ly the break is very pronounced. T h e pre-Talara rocks were u p l i f t e d a n d 
broken .into a j u m b l e of faul t blocks w i t h m a n y displacements of more t h a n 1,000 
feet; the whole fault-complex was then eroded of 1,000-5,000 feet of sediments. 
I t appears n a t u r a l i n view of these facts, which are clearly established b y the 
subsurface evidence, to assume a pre-middle Eocene age for al l the pre-Talara 
formations. Nevertheless, other subsurface evidence proves the r e m a r k a b l y 
rapid f o r m a t i o n of deep graben-type basins i n certain brief phases of the Eocene, 
and the possibi l i ty exists t h a t the pre-Talara r u p t u r e and erosion were accom­
plished i n a s imilar brief upheaval. T h u s , i t is f a i n t l y possible t h a t the Cabo 
Blanco m i g h t be lower middle Eocene, b u t the lower Eocene age of the Chacra 
seems to be unassailable. 

Talara shale.—Iddings and Olsson (1928, p p . 16, 17) appl ied the f o r m a t i o n a l 
name " S a m a n " i n a very broad way. L a t e r Olsson (1930, p. 5) revived Grzybow-
sky's name " T a l a r a f o r m a t i o n " for al l the lower p a r t . He described the f o r m a t i o n 
as largely barren b u t specified certain fossiliferous outcrops, w i t h the basal 
( " L o m i t o s " ) conglomerate p r o v i d i n g the richest faunas. The isolated localities 
of Yasila and Jaguay Cunas i n the Paita area prov ided a large p a r t of the m o l ­
lusks l isted f r o m the Talara {loc. cit., pp . 12-15), b u t the field evidence is not 
conclusive, and the beds I n question m i g h t jepresent a facies v a r i a n t of the Ver­
d u n . On the other hand, species described f r o m the " R e s t i n " at P u n t a N a u t i l u s 
should be included i n the Talara fauna. 

T h e Talara mollusks were not given any age significance b y Olsson. He re­
ferred the f o r m a t i o n to the upper Eocene solely on the presence of Discocyclina 
peruviana i n the basal beds and the inferred correlation of the basal u n c o n f o r m i t y 
w i t h the basal Jacksonian u n c o n f o r m i t y of the Caribbean region (1930, pp. 11, 
18). 

The general opinion now is t h a t Discocyclina s.s. became ext inct i n the middle 
Eocene of the Caribbean region (cf. Vaughan, 1945, et al.). I n the case of Peru, 
this is confirmed b y association of tremastegine Amphisleginas w i t h the Disco-
cycUnas a n d b y the first appearance of Helicolepidinas and Ferayinas some dis­
tance above the level of ext inct ion of Discocyclina. The middle Eocene Fora,c|iini-
fera of Colombia {fide Petters, personal communicat ion) are s trongly a k i n to the 



2074 R. M. STAINFORTH 

lower Talara assemblages, w i t h Hasligerinella-mlombmud a d is t inct ive p lanktonic 
f o r m common to b o t h countries. 

The dist inct ive middle Eocene elements of the microfauna do n o t persist i n t o 
the upper Talara shale. T h i s is p a r t l y due to ecologic factors, the deeper-water, 
open-sea facies of the lower Talara grading u p w a r d i n t o shallower, more p r o v i n ­
cialized facies. Nevertheless, some age significance must be given to the disap­
pearance of the middle Eocene indices; hence, the base of the upper Eocene is 
placed at a m i d - T a l a r a level. 

Talara sandstone.— . /• /: , 
Pozo shale.—These two units are barren of megafossils (Olsson, 1930, p. 10) 

a n d their weak foramini fera l faunas are devoid of age-significant species. T h e y 
must be placed i n the upper Eocene because of their posi t ion between the Talara 
shale and the V e r d u n sands. 

Verdun formation.—Olsson (1930, pp. 5-9) modif ied the classification of 
Iddings and Olsson (1928) a n d recognized an i m p o r t a n t f o r m a t i o n above the 
Pozo shale. T h e general name of this u n i t was the Saman f o r m a t i o n , b u t the 
p r o m i n e n t basal sands were local ly called the V e r d u n gri ts . Presumably because 
of i ts confused his tory , the name Saman was rejected b y Wiedey and Frizzel l 
(1940), and the name V e r d u n f o r m a t i o n was subst i tuted. T h i s change has been 
accepted b y most later authors. 

Olsson (1928, p. 14; 1931, p. 4) dated the V e r d u n as topmost Eocene because 
i t contains the last representatives i n Peru of Venericardia planicosta. He also' 
observed (1928, pp. 14, 15) t h a t several of its common mollusks belong to genera 
most characteristic of the later T e r t i a r y , specifying: Area sullanensis, a large 
Argina-like species; large Trigonocardi'as, exemplified b y Fragum samanicpm; 
dementia peruviana, the forerunner of C. dariena; Xancus peruvianus; a n d PoU-
nices woodsi. 

Cushman a n d Stone (1949) described the Foramini fera of the Verdun forma­
t i o n and noted the upper Eocene index forms Lepidocyclina peruviana, Heli-
costegina soldadensis, Helicolepidina vichayalensis, and Cibicides parki. 

Chira shale.—Iddings and Olsson (1928, p. 21) defined the Chira shale a n d 
referred i t to the lower Oligocene. Olsson (1931, pp. 6-9) dealt more f u l l y w i t h 
the f o r m a t i o n , basing the lower Oligocene age on the last appearance of Veneri­
cardia planicosta i n the u n d e r l y i n g V e r d u n . 

Wiedey a n d Frizzell (1940) changed the age to upper Eocene and later 
Cushman a n d Stone (1947) published the foramini fera l fauna and stressed the 
importance of Ilanlkenina and Stichocassidulina i n establishing the upper Eocene 
age. Stone referred to the subject again (Symposium, 1949, pp. 156-59), men­
t i o n i n g the presence of Bidimina jacksonensis a n d Hastigerinella eocanica, and 
demonstrat ing foramini fera l correlat ion w i t h the upper Eocene of Ecuador. 

( A l t h o u g h i t has no strong bearing on the question of age, i t m a y be mentioned 
t h a t the so-called " L o m i t o s c h e r t " w i t h its deep-water mol lusk fauna (Olsson, 
1931, pp. 22, 23) must , on field evidence, be treated as a local v a r i a n t of the Chira 
shale.) 
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C u r r e n t opinion is t h a t the positive evidence of the Foraminifera is incontro­
vert ib le evidence of the upper Eocene age of the Chira . The negative evidence, 
absence of Venericardias, is accounted for ecologically. 

Mirador formation.—In the old classification the conglomerates and sand­
stones of this f o r m a t i o n i n the south (Chira valley and Lagunitos area) were mis-
correlated w i t h the middle Oligocene Mancora f o r m a t i o n of the n o r t h ( M a n ­
cora a n d P u n t a B r a v o areas) ( Iddings and-Olsson, 1928, pp. ir, 23; Olsson, 
1931, p p . 13-16). Wiedey and Frizzell (1940) recognized the presence of two de­
cept ively s imilar format ions at different levels, but their proposed name, Chara-
nal f o r m a t i o n , has been dropped i n favor of the pr ior t e r m , M i r a d o r f o r m a t i o n . 

There is a general s i m i l a r i t y of the Mancora and M i r a d o r mollusks, due to 
recurrence of a semi-brackish facies, b u t Hannatoma emendorferi is confined to 
the M i r a d o r and elsewhere is k n o w n only i n the upper Eocene of the Venezuela-
Colombia border land ( D u r h a m , p. 146, and Dusenbury, p. 149, in Symposium, 
1949). M a r k s (loc. cit., p . 154) states of the M i r a d o r fauna: 

The molluscan species of Oisson's Mancora formation of the Chira and Lagunitos areas (Upper Eocene 
of Wiedey and Frizzell, 1940) have a decidedly Eocene cast. Venericardia chara«alensis, Stircida} 
mayi, Yasila chiraensis and Penichilus culberti are particularly significant and they are not associated 
w i t h Miocene-appearing forms to counterbalance them. 

P l a n t fossils, determined b y B e r r y as Eocene, are cited b y Olsson (1931, pp. 
15, 16) f r o m the M i r a d o r conglomerate near Lagunitos. 

Stone (Symposium, 1949, p. 157) mentions Hantkenina a n d Stichocassidulina 
f r o m the M i r a d o r and indicates foramini fera l correlation w i t h the upper Eocene 
Zapal lo, San M a t e o , a n d Seca formations of Ecuador. 

Cone Hill shale.—Though this name was used i n the o ld classification, i t was 
regarded as a local s y n o n y m for a southern development of the upper Oliogocene 
H e a t h shale ( Iddings and Olsson, 1928, p. 24; Olsson, 1931, pp. 21, 22). T h e mis­
correlat ion was paral lel w i t h , a n d p a r t l y governed by, the confusion between the 
n o r t h e r n M a n c o r a a n d the southern M i r a d o r formations. Wiedey a n d Frizzell 
(1940) recognized the error, b u t their proposed name, Pajaro Bobo shale, has 
been dropped i n favor of the pr ior t e r m . Cone H i l l shale. 

© k s o n (loc. cit.) records the presente:aiJ:ke:"Pleuropkopsis f a u n a " of deep-
water mollusks i n the Cone H i l l shalej.The^e genera are m a i n l y k n o w n i n the 
Oligocene of the West Coast, b u t Sta inforth (1948, p. 149) has mentioned s imilar 
assemblages i n Ecuador w i t h i n the life range of upper Eocene indices: Tubolos-
lium, Hantkenina, Hastigerinella eocanica, and certain diagnostic Radiolaria. 

On the basis of Foramini fera , Stone (1949, Symposium, p. 157) asserts the 
Eocene age of the Cone H i l l . He notes that toward the top of the f o r m a t i o n 
Bidimina jacksonensis shows evolut ionary change t o w a r d the slender B. sculp-
tilis, w h i c h on regional grounds suggests the approach of the lower Oligocene. 
T h e presence of Hantkenina primitivaJJ.FC well 3575) is addit ional evidence of 
upper Eocene age. T h e evidence of thi'^J§uliminas is significant of the tppmost 
Eocene, b u t i t must be stressed t h a t I t f e p lanktonic Foraminifera are upper 
Eocene species and t h a t the regionul lower Oligocene suite of Globigerina ciperoen-
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sis ("concinna"), G. dissimilis, G. veneznelana, et cetera-has yet to'be f o i i r r d i n Peru. 
Mancora formation.—The type Mancora f o r m a t i o n was referred to the middle 

Oligocene by Iddings and Olsson (1928, p . 22). L a t e r Olsson (1931, pp. 9-12) 
gave more details of outcrops and fauna i n the n o r t h e r n area. 

The only direct evidence cited i n support of middle Oligocene age (1931, p. 
26) was .Ampullinopsis spenceri, or ig ina l ly recorded f r o m the A n t i g u a f o r m a t i o n . 
A c t u a l l y this is an unreliable facies-controlled species also k n o w n i n upper 
Eocene faunas, b u t the status of the M a n c o r a as the basal transgressive facies of 
the upper Oligocene H e a t h shales is enough to establish its age and to i d e n t i f y 
the basal Mancora u n c o n f o r m i t y w i t h the mid-Oligocene u n c o n f o r m i t y recog­
nizable over the whole of middle America . 

N o significant Foraminifera are k n o w n f r o m the Mancora . Miogypsinas are 
k n o w n at a corresponding level i n southern Peru and southern Ecuador, b u t i t 
seems t h a t the brackish elements i n the IMancora facies i n h i b i t e d their existence 
i n n o r t h e r n Peru. 

Heath formation.—The H e a t h shales of the n o r t h e r n area were named b y 
Grzybowsky, and the name was retained b y Iddings and Olsson (1928, pp. 23, 
24), who ascribed an upper Oligocene age to the f o r m a t i o n . Olsson (1931, pp. 
19-21) gave more details of fossil localities and the molluscan fauna. 

The mollusks of the passage beds f r o m Mancora to H e a t h include species of 
Chione, Dosinia, and Anadara (Scapharca), genera which i n a regional sense first' 
appeared i n the upper Oligocene. A deep-water "Pleiiropliopsis f a u n a " is also 
recorded b u t is less significant in age determinat ion . 

The Foraminifera of the Fleath are dist inct ive and ent ire ly different f r o m 
the Chira-Cone H i l l fauna. The assemblage has m a n y species i n common w i t h 
the upper Oligocene " M a n t a " fauna of Ecuador. Of regional importance are the 
p lanktonic Foraminifera Globorotalia barissanensis and Globigerinoides spp. and 
the benthonic Siphogenerina muUicostata, S. transversa, Pseudoglandidina coma-
tula, and others, a t y p i c a l upper Oligocene association. 

A D D I T I O N ' A L C O i l M E N ' T S 

1. The sequence of regionally significant Foraminifera (cf. S ta infor th , 1953) 
gives a reliable chronologic f ramework. T h e molluscan evidence of age as pre­
sented b y Olsson (1928-1931) is scanty i n relat ion to the size of the megafauna, 
but is i n accord w i t h the foraminiferal evidence. Future refinements of the chron­
ology might follow a review of the molluscan faunas i n the l ight of later studies 
i n other countries, or a t t e n t i o n to phyla such as the Ostracoda and fossil pollen, 
h i t h e r t o ignored. 

2 . The thicknesses a l lot ted to certa in t ime intervals are s t r i k i n g (10,000 + 
feet for the Paleocene, 12,000+ feet for the upper Eocene) and m i g h t appear ex­
cessive b y normal standards. The reason is t h a t northwestern Peru was a taphro-
genic province and should not be compared w i t h the orogenic (geosynclinal) 
provinces of the rest of the Caribbean region. There were periodic phases of 
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B ' 
tension f a u l t i n g , d u r i n g which deep graben-type basins were f o r i % < i , and the 

great sedimentary thicknesses represent the i n f i l l i n g of these t r o u g h s " * ^ e - i o c a l 

areas of down-faul t ing varied, so t h a t the m a x i m u m thicknesses representm^ th© T ^ 

several Eocene time divisions are found in different areas. 

3. The Rzehakina-Spiroplectammiyia microfauna occurs only i n the lower 

half of the Peruvian Paleocene, and a calcareous suite w i t h Globorotalia crassata 

aequa, Btclimina arkadelphiana midwayensis, Siphogenerina eleganta, et cetera 

represents the upper Paleocene. The sharp faunal subdivision is suggestive of a 

lower ( " D a n i a n " ) and an upper ( " M i d w a y " ) stage. I n comparison w i t h T r i n i d a d 

the lower u n i t w o u l d correspond w i t h the Chaudiere-Lizard Springs and the 

upper u n i t w i t h the Soldado f o r m a t i o n . T h i s Peruvian evidence does not sup­

p o r t recent suggestions t h a t the Soldado a n d lower L i z a r d Springs formations are 

synchronous ( B o l l i , 1952, and references there in) . 
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