
1 

MAMMALS AND STRATIGRAPHY: 
GEOCHRONOLOGY OF THE CONTINENTAL MAMMAL-BEARING 

TERTIARY OF SOUTH AMERICA 
by 

Larry G, MARSHALL*, Rober! HOFFSTETTER** and Rosendo PASCUAL*** 

SUMMARY 

Abstract, Resume, Resumen , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , 
Introduction ,,"',,",',",,",',',',',',',"',",',',',',',',',""',',',", 
Acknowledgments """""""""""""""""""""""""""""", 
South American Tertiary Land Mammal Ages, , , , , , , , , , , , , , , , , .. , , , , , , , , , , , , , , , , , ,: 

Time, Rock, and Faunal Units, , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , " 
Argentina "',"","',"',"',,",,",,",,"',',',,","',',',',',',",'" 'I' 

Salamancan ,",,",,"',,",,",',',,",',',',",,",,",',',""""',", 
Riochican ",",',',",',',',""',',""""""",','" , , , , , , , , , , , , , , , , , 'I 
Sarmiento Group "",'," , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , 
Casamayoran ,',"""',"',,",,",,"',,",,","',,","',,"',"','" 'I 
Mustersan ,"""","',,",,",,",',',',",,",',',,",',',,",,"',,", 
Divisaderan ,",,"',,",',',',',""""",',',',',',,",""',',,',',," 'I 
Deseadan ,,"""',"""","',"',,",',","',"',"',,","',,",,"" 
Colhuehuapian ,,"',,",,",',',',',,",,"',',',',',',',""""',','," '\ 
Patagonian Marine Stage , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , " 
Santacrucian """"',:,""""""""""""""""""""""""',. 
Friasian ............. , ................................ , ................... I 

Chasicoan ,,"',"',,",',',',',',',",',,",""',',',',',',',',',",',' 'I! 
Huayquerian ","",,",,",,",',',,",,"',"',,",,",,",,",,",',", 
Montehermosan """"""""""""""""""""""""""""",' 
Chapadmalalan ,,",',",',',',',',',',',',',',",,",,",,",,",,",',',' 

Bolivia """""""""""""""""""""""""""""",',""'" 
Brazil ,'""""""""""""""""""""""""""""""""""" 
Chile ,,',"',"""""","',,","',"",,","',"""',"',"""""'" 
Colombia "',,"',"',"',',',',',',',,"',,",',',,",,",,",,"",","" 
Ecuador"""""""""""""""""""""""""""""""""" , 
Peru"",""""""""""""""""""""""""""""""""" , 
Uruguay """"""',"""',"',"',"","""""',"',"',"""","', 
Venezuela "',"""","',',',',',,",,"',,",,",,",,",',',',',,"',"', 
Land Mammal Faunas '" , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , . 

Character and History ,',' , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , 
Radioisotope Dates ,,' , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , 

Argentina ,',',",',',""""',',',',",',',',',',',',',',""",',',', 
Bolivia, , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , 

References Cited ",' , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , 'I 

*Department of Geosciences, The University of Arizona, Tumamoc Hill - Tucson, Arizona 85721. 
··Museum National d'Histoire Naturelte, Institu! de PaJeontoiogie, 8 rue de Buffon - 75005 Paris, France . 

• uFacultad de Ciencias Naturales y Musea de la Plata, Paseo del Basque - 1900 La Plata. Argentina. 

Palaeovertebrata, Montpellier, Mem, Extr, 1983 : 1-93, 10 fig, 
(Accepte le 15 Avri! 1983, public le 15 Decembre 1983) 

page 

3,4 
5 
8 
8 
8 
9 
9 

10 
16 
18 
20 
22 
23 
24 
27 
28 
31 
33 
35 
37 
39 
41 
45 
48 
49 
52 
54 
55 
58 
61 
61 
72 
72 
77 
79 



2 

LIST OF TABLES 

I. Historic development of time and faunal nomenclature for the Tertiary 

2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 

and early Quaternary of Argentina. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 
The South American Cenozoic ca. 1880 ..................................... "1 7 
List of Riochican local faunas from Argentina ................................ " 14 
Generic list of Casamayoran mammals from Patagonia .. " . .. . . . . . . . . . . . . . . . . .. 19 
Generic list of Mustersan mammals from Patagonia ............................ ' 21 
List of fossil mammal species from the Divisadero Largo Formation .............. : 23 
Generic list of Deseadan mammals from Argentina ............................. ' 25 
Generic list of Colhuehuapian mammals from Patagonia . . . . . . . . . . . . . . . . . . . . . . .. 26 
Generic list of Santacrucian mammals from Argentina . . . . . . . . . . . . . . . . . . . . . . . . .. 30 
Generic list of Friasian mammals from Argentina and Chile . . . . . . . . . . . . . . . . . . . . .. 32 
Generic list of Chasicoan mammals from Argentina ... . . . . . . . . . . . . . . . . . . . . . . . .. 34 
Generic list of Huayquerian mammals from Argentina .. . . . . . . . . . . . . . . . . . . . . . . .. 36 
Generic list of Montehermosan mammals from Argentina. . . . . . . . . . . . . . . . . . . . . .. 38 
Generic list of Chapadmalalan mammals from Argentina . . . . . . . . . . . . . . . . . . . . . . .. 40 
List of Riochican mammals from the fissure fills at 
Sao Jose de Itaborai, Brazil. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . .. 45 

16. List of Friasian mammals from the La Venta fauna of Colombia. . . . . . . . . . . . . . . .. 51 
17. Chronostratigraphic distribution of non-Argentine mammal-bearing 

Tertiary beds, faunas, and/or localities. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 60 
18. South American Tertiary Land Mammal Ages and known range 

distribution of mammalian families ...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 63 
19. First records of South American immigrants in North America .................. '! 69 

LIST OF ILLUSTRATIONS 

I. Map of central Patagonia, southern Argentina, showing principal 
mammal-bearing localities of Tertiary Age. . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . ... 11 

2. Map of central and northern Argentina showing principal mammal-bearing 
localities of Tertiary ....................................................... ' 13 

3. Map of southern South America showing principal mammal-bearing 
localities of early Miocene (Santacrucian) Age . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . .. 29 

4. Map of southwest Bolivia showing principal mammal-bearing localities 
of Tertiary Age . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 42 

5. Map of Brazil showing principal mammal-bearing localities of 
Tertiary Age .................... :........................................ 47 

6. Map of Colombia showing principal mammal-bearing localities of 
Tertiary Age ...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 50 

7. Map of Ecuador and Peru showing principal mammal-bearing localities 
of Late Cretaceous (Laguna Umayo) and Tertiary Age. . . . . . . . . . . . . . . . . . . . . . . . .. 53 

8. Map of Uruguay showing principal mammal-bearing localities of 
Tertiary Age .......... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 56 

9. Map of Venezuela showing principal mammal-bearing localities of 
Tertiary Age . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 59 

10. Cenozoic radioisotopic time scale and chronostratigraphy showing 
approximate chronology of South American land mammal ages. . . . . . . . . . . . . . . . .. 74 



3 

ABSTRACT 

The principles and practices employed in establishment and recognition of South American land mammal ages are 
reviewed along with previous and present concepts of distinguishing time, rock. and faunal units. Previous chrono
logical arrangements of Soulh American Tertiary land mammal faunas are appraised on the basis of recent geological 
and paleontological data. Twelve South American Tertiary land mammal ages are here recognized {from oldest to 
youngest, Riochican (middle to late Paleocene); Casamayoran (early Eocene); Mustersan (middle Eocene); Divis
aderan (late Eocene)j Deseadan (early [to middle?) Oligocene); Colhuehuapian (late Oligocene); Santacrucian (early 
Miocene); Friasan (middle Miocene); Chasicoan (late Miocene); Huayquerian (latest Mlocene); Montehermosan (early 
to middle Pliocene); and Chapadmalalan (late Pliocene»). As all except the Frlasian were originally defined on the 
basis of Argentine faunas, these are discussed first and at length, and each is reviewed with discussion of type locality, 
stratigraphy, type fauna, and faunal correlations. Non~Argentine faunas are then discussed country by country in 
alphabetical order. 

A review is given of radioisotope dates obtained on volcanic rocks (i.e., basalts, tuffs) associated with mammal
bearing beds in Argentina. Based on these age determinations and on correlation of the late Tertiary land mammals 
involved in the interchange between North and South America, a chronology of South American land mammal ages 
correlated with North American land mammal ages and European marine stages is proposed. 

It is concluded that South America was an island continent through most of the Tertiary Period (ca 65 to about 3 
Ma). As a result, the land mammal fauna of South America developed in isolation and was dominated by autoch
thonous endemic groups. Toward the end of the Tertiary (i.e" middle Miocene) a unique faunal balance had been 
achieved by the descendants of the ancient inhabitants (notoungulates, litopterns, condylarths, astrapotheres, eden
tates, marsupials) and of later (late Eocene) waif immigrants (caviomorph rodents, platyrrhine primates), A promi
nent feature of this mammal fauna was the combination of carnivorous and omnivorous marsupials with native 
placental herbivorous ungulates, subungulates, and edentates, 

Sometime during the late Miocene, a limited but important interchange of mammalian taxa between North and 
South America took place, Procyonids (raccoons and their allies), a group of North American origin, first appear in 
South America in strata of Huayquerian Age, while members of the extinct South American ground sloth families 
Megalonychidae and Mylodontidae first appear in North America in early Hemphiltian time. These groups dispersed 
along island arcs ~efore the appearance of the Panamanian land bridge in the Pliocene (ca 3,0 Ma). Cricetine rodents, 
a group of North American origin, are first known in South America in strata of Montehermosan Age. The known 
taxa are too advanced and diversified to be considered the first of this group to invade South America, It is believed 
by some workers that these rodents arrived before the Montehermosan, possibly in the late Miocene or earlier, by 
waif dispersal from North America, 

The isolation of South America ended with the appearance of the Panamanian land bridge, which provided a 
direct, dry land connection between the two Americas. Across this portal an extensive interchange of terrestrial faunas 
occurred, and the fossil record documents an intermingling of these long-separated land mammals faunas, 

Thebeginning of this interchange by land route in South America is marked by the appearance of mammals which 
evolved from North American emigrants in the Chapadmalai Formation of Argentina, These include a musteJid 
(CoJlepatus), a tayassuid (Argyrohyus), and four genera (Akodoll. Dallkomys, Graomys. Reithrodoll) of cricetine 
rodents. The appearance of this contingent of northern animals favors the existence of the Panamanian land bridge 
by this time, Likewise, a large number of terrestrial vertebrates of South American origin appear in North America 
in beds of late Blancan Age date around 2.7 Ma. Among the mammals are Neochoerus. Erethizon, Glyptotherlllm. 
Glossotherlllm, Kraglievichia, and Dasypus. 

RESUME 

Les principes et pratiques employes pour obtenir et reconnaitre en Anu!rique du Sud les Ages bases sur les 
MammiH:res terrestres (land mammal ages) sont revises avec les concepts anciens et actuels qui distinguent les unites 
chrono-, litho- et bio-stratigraphiques, Les arrangements chronologiques qui ont ete proposes pour les faunes 
mammaliennes du Tertiaire sud-americain sont evalues sur la base des donnees geologiques et paJeontologiques actuel
ies, Dans ce cadre, douze unites (Ages) biostratigraphiques sont reconnucs ; ce sont, de la plus ancienne a la plus 
jeune : Riochiquien (Paleocene moyen et superieur), Casamayorien (Eocene inferieur), Mustersien (Eocene moyen), 
Divisaderien (Eocene superieur), Deseadien {Oiigocene inf. (et moyen?)], Colhuehuapien (Oligocene superieur), 
Santacrucien (Miocene inferieur), Friasien (Pliocene moyen), Chasiquien ou Chasicoien (base du Mioccne superieur), 
Huayquerien (sommet du Miocene sup.), Montehermoseen (Pliocene inf. et moyen), et Chapadmalalien (Pliocene 
superieur), Etant donnc"que toutes ces unites sauf le Friasien ont ete origlnellcme"nt definies sur la base de faunes 
d' Argentine, celles de ce pays sont d'abord etudiees en detail, et chacune est revisee avec discussion de la localite type, 
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de la slratigraphie, de la faunc type, cl des correlations fauniqucs. Ensuite, les autres faunes mammaliennes sud
americaines son 1 discuh~es pays par pays, dans l'ordIe alphabelique. 

Une revue est faite des datations radioisotopiques oblenucs sur des raches volcaniques (basaJtes, lurs) associces 
a des couches a Mammiferes en Argentine. En se basant sur ces determinations d'dges et sur une correlation des 
Mammiferes terrestres du Terliaire superieur impliques <lans le grand echange faunique entre l' Amcrique dll Nord el 
cellc dll Sud, une chronoJogie des « land mammal ages» sud-americains, en correlation avec les « land mammal ages» 
nord-americains et les etages marins europcens, est proposCc . 

. 11 est conelu que j'Amerique du Sud etait un continent insulaire durant prcsque tout le Tertiaire (env. -65 a - 3 
M.A.).II en resulte que la fallne mammalienne terrestre de I'Amerique du Sud s'est developpee en isolement et eta it 
dominee par des groupes autochtones endemiqucs. All cours du Ncogene (notamment au Miocene moyen) un cqui. 
Iibre faunique unique a ere realise par les descendants des anciens habitants (Notongules, Litopternes, Condylarlhres, 
Astrapotheres, Edentes, Marsupiaux) et d'immigrants plus tardifs (Rongeurs caviomorphes, Primates platyrrhiniens) 
arrives par transport passif (radeaux naturels) vers la fin de I'Eocene. Un trail saiJIant de cette faune mammalienne 
ctair la combinaison de Marsupiaux carnivores et omnivores avec des Placcntaircs autochtones herbivores (OngulCs, 
Subongules, Edentcs). 

A un certain moment durant le Miocene superieur, un echange de Mammifercs, Iimite mais important, a eu lieu 
entre J'Amcrique du Nord et celle du Sud. Des Procyonides (Ratons laveurs ct leurs parents), de souche nord·ameri· 
calne, apparaisscnt cn Amerique du Sud dans des strates d'§ge huayquerien ; tandis que des Megalonychidae el Mylo· 
dontidae (Gravigrades = Ground sloths, originaires d'Amerique du SUd) apparaissent en Amerique du Nord des le 
Hemphillien inferieur. Ces groupes ont migre au long d'arcs insuJaires, avant I'emersion de I'isthme de Panama, 
SUTvenU au Pliocene (env. - 3 M.A.). Des Rongeurs cricetincs, originaires d' Amerique du Nord, son I atteslcs en 
Amerique du Sud a partir du Momehermoseen ; mais les taxons connus son I trop avances et diversifies pour etre 
consideres comme les premiers reprcsentants du groupe ayanl envahi I' Amerique du Sud ; certains auleurs pensent 
que ces Rongeurs sont arrives avan! le Montehermoseen, possiblement au Miocene supcrieur ou mcme plus tOt, par 
transport passif a parlir de J'Amerique du Nord. 

L'isolement"de I' Amcrique du Sud se lermine avec "emersion de I'isthme de Panama, qui a forme une connexion 
terrestre direcle entre les deux Ameriques. Grace a cettc voie, un echange intensif de faunes terrestres a eu lieu, et les 
fossiles iIIustrenl un melange de ces deux faunes de Mammiferes terreslres,longtemps scparees. 

Le debut de cet cchange par voie terreslre est marque cn Amerique du Sud par "apparition, dans la Formation 
Chapadmalai d"'Argentine, de MammiU:res varies qui ont evohie a partir d'lmmigrants venus d'Arnerique du Nord. 
115 comprennent un Mustelid6 (Conepotus), un PCcari (le Tayassuid6 Argyrohyus) et quat re genres (Akodoll, Don· 
komys, Graomys et Reithrodon) de Rongeurs Cricetines. L'apparition de ee contingent d'animaux nordiques est 
en faveur de I'existenee d'un iSlhme de Panama deja emerge a cc moment. De meme, un grand nombre de Verlebrcs 
terrcslres d'origine sud·americaine apparaissent en Amerique du Nord dalls dcs couches du Blanquien (Blanean) 
superieur, datees d'environ 2,7 M.A. ; panni les Mammiferes on peut citer Neoc/lOerus, Erefhizofl, Glyplolherillm, 
Glossotherium, Kraglievichia et Dasypus. 

RESUMEN 

Los principios y praclicas usadas para cslablacer y reeonocer en Sudamerica las Edades basadas en mamlferos 
terrestres (land mammal ages) se revisan eon 105 conceptos anteriorcs y aCluales que distinguen unidades crono·, !ito· 
y bio·eslratigrAficas. Las ordenaciones crono16gicas propueslas para las faunas de mamlfcros terrcs'tres delTerciario 
sudamericano, se evaluan basandose en datos geol6gicos y paleontol6gicos actuales. En cste mareo, se reconocen doce 
unidades (edades) bio·estratign'ificas ; eslas son, de Ja"mas antigua a la mas Joven : Riochiquense (Paleoccno medio y 
lard/o) ; Casamayorcnse (Eoceno lemprano) ; Muslcrsense (Eoceno medio) ; Divisaderense (Eoceno tardio) ; Desea· 
den'se [OJigoceno temprallo (y medio?»); Colhuehuapense (Oligoceno tardio); Salltacrucence (Mioccno temprano); 
Friasense (Mioeeno medio); Chasiquense (Mioceno lardio); Huayqueriense (Mioccno cuspidal); Montehermoscnse 
(PJio. temprano y medio) j y Chapadmalalense (PIio. tardlo). Dado que lodas, con excepci6n del Friasense, fueron 
originalmente definidas basandose eri faunas dc Argentina. Jas de esle pais se discuten en primer lugar y COil mas 
detalles, siendo cada una revisada con discusi6n de localidad tipo, estratigrafia, fauna tipo y correlaciones faunicas. 
Luego, las otras faunas sudamericanas se discuten pais por pals en orden alfabetico. 

Se da una revisi6n de las dataciones radioisol6picas obtenidas en rocas voicanicas (basaUos, tobas) asociadas con 
capas mamaUferas en Argentina. Basandose en cstas determinaciones de edades y en la correlaci6n de 105 mamlferos 
terreslres del Terciaro superior impJicados en el intcrcambio faunico entre Norle· y Sud·America, se propone una 
cronologia de las «land mammal ages) sudamericanas en correlaci6n con las «land mammal ages» norle·americanas 
y con los pisos marinos europeos. 

Se concluye que Sudamerica era un continente insular durante easi lodo el Terciario (0 sea aproximadamente de 
- 65 a - 3 M.A.). Resulta de eso que la fauna de mamlferos terreslres sudamcricanos se desarroll6 en aislamiento y 
fue dominada por grupos aul6ctonos endemicos. En el Terciario lardio (p.ej. ell el Mioceno medio) un equilibrio 
fAunico unico ha sido realizado por los dcscendientcs de 105 antiguos habitantes (noloungulados, IHopternos, condi· 
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lactTOS. astrapoterios, desdentados, marsupiales) y de in migrantes mas lardios (roedares caviomorfos, primates pla
tirrinos) lIegados por balsas hacia fines del Eoceno, Un rasgo notable de esta fauna de l11amiferos era la combinacioll 
de marsupiales carnivoros y omnivoros con placcntarios aut6ctonos herbivoros (unguJados, subungulados y desden
tados). 

En algun momento del Mioceno tardio, sucedi6 \ID limitado peTO importante intercambio de mamiferos entre 
Norte- y Sudamerica. Proci6nidos (asitos lavadores y sus parientes), procedentes de Norteamerica. aparecen por 
primera vez en Sudamerica en cstratos del Huayqueriense ; mientras tanto Mcgalonychidae y Mylodontidae (Gravi
grados 0 perezosos terrestres, oriundos de Sudamerica) aparecen en Norleameriea desde el Hemphillense temprano. 
Estos grupos migraTon a 10 largo de areos insulares antes de la emersi6n del istmo de Panama, que sucedi6 en el P!io· 
ceno (ca - 3 MA). Roedores cricetinos, originarios oe Norteamerica, estfm presentes en Sudamerica desde el Monte· 
hermosense. Pero los, taxa eonocidos son demasiado avanzados y diversificadas para que'se pueda considerarlos 
como los primeros miembros del grupo que invadieron Sudamerica. Algunos autores piensan que estos' roedores 
lIegaron antes del Montehermosense, posiblemcnle en cl Mioceno (ardio 0 mlls temprano, gracias a una migraci6n par 
balsas a partir de NOrteamerica. 

El aislamiento de Sudamerica se termin6 con la emersi6n del istmo de Panama, el cual proporcion6 una conexi6n 
terrestre directa entre ambas Americas. Gracias a esta via, ocurri6 un intercambio extensivo de faunas terrestres, y los 
f6siles ilustran una mezcla de estas dos faunas de mamlferos continentales, por largo tiempo separadas. 

El comienzo de dicho intercambio por via terrestre esta marcado en Sudamerica por la aparici6n, en la Formaci6n 
Chapadma\al de Argentina, de mamlferos variados que evolucionaron a partir de immigrantes lIegados de Norte· 
america. Incluyen Ull 1l1ust'elido (Collepalus), un pecari (ArgyroIJYlls) y cuatro generos (Akodoll, Dankomys, Orao· 
l1/ys, Reithrodoll) de roedores cricetinos. La aparici6n de este contingente de animales nortenos habla en favor de la 
existencia del istmo de Panama ya emergido en aquei momento. En la misma forma, un gran numero de vertebrados 
terrestres originarios de Sudamerica, aparecen en capas norteamericanas del Blanquense (Biancan) tardio, datadas 
aproximadamente de 2,7 M.A. Entre 105 mamiferos se puedc citar Neochoerus, Erethi7.0n, Olyplolherium, Olosso· 
tJlcriul1l, Kraglievicltia y Dasypus. 

INTRODUCTION 

The land mammal-bearing Tertiary of South America was last reviewed, by 
Simpson, in 1940. This was a milestone study which brought order to and synthesized 
a vast amount of scattered data originally published in six languages. Since that time 
our knowledge of South American Tertiary rocks and faunas has been greatly increas
ed. Some of these studies have been reviewed in a series of papers published in 1970 
under the title of Paleontolog{a Sudamericana in Actas delIVo Congreso Latinoame
ricano de Zoologia, Volume n, and based on a symposium in Caracas, 10-16 November 
1968. In addition, new stratigraphic concepts have been developed for recognition of 
time, rock, and faunal units. 

The purpose of this paper is to review all pertinent geological and faunal studies on 
the land mammal-bearing Tertiary of South America and to provide a synthesis in
corporating present strati graphic concepts. Our chronology of the South American 
rocks and faunas with those in North America and Europe is tentative and may be 
subject to change. Much order and stability will only be attained with more detailed 
comparative faunal studies, more radioisotopic age determinations, and magneto
stratigraphic studies of associated rocks. 

At present there are no existing summaries of Tertiary rocks and biotas for all of 
the South America. It is not our purpose to attempt a full synthesis at this time. Fossil 
mammals, however, have proven so useful in establishing chronological sequences and 
stratigraphic relationships, either locally or on a continent-wide basis, that an interim 
review of this nature seems appropriate. 

The first and as yet most detailed studies of Tertiary rocks and land mammal 



Table 1. Historic development of time and faunal nomenclature 
for the Tertiary and early Quaternary of Argentina 

F. Ameghino L. Kraglievich Frenguelli L. Kraglievich CasteUanos Simpson Feruglio Pascual This 
1906 1930c 19302 1934 1937 1940 1949 1970 Paper 

Ensenadeen Ensenadense I { Ensenadense Ensenadense Ensenadan Terrestrial beds Ensenadense Ensenadan 
Puelcheen Uquiense TehueIchiano Uquiense Uquiense (Uquian) of this period U9.uiense Vquian 
(not distinguished) ChapadmaIense ChapadmaIense ChapadmaIense ChapadmaIaIan not recognized } {ChapadmaIaIan 
Hermoseen Hermosense Claveroense? I Montehermosense Montehermosan in Patagonia. Montehermosense Montehermosan 

Irenense? 
Hermosense 

Araucaneen Araucanense Puelchense Tunuyanense Araucanense Tunuyanian 
{HuaYQUeriaense Huayquerian 

Araucanense 

Rionegn!en Rionegrense Rionegrense Rionegrense (excluded as Rionegrense } Huayqueriense Huayquerian 
a stage) 

Mesopotameen Mesopotamiensel Mesopotamiense Mesopotamiense Mesopotamian (excluded as 
a stage) 

(not known) Chasicoense Araucanense Chasicoense Chaiicoense Chasicoan Chasicoense Chasiquense Chasicoan 

Paraneen Paranense Paranense Paranense (excluded as (excluded as {excluded as (excluded as 
a stage) a stage) a stage) a stage} 

(hiatus) Mayoense } {Mayoense Mayoense (Mayan) } 
Friaseen Friasense Friasense Friasense Friasense Friasian Friasense Friasense Friasian 
Magellaneen ColIoncurense Colloncurense CoIIoncurense (CoUoncuran) 

Santacruzeen Santacrucense} {Santacrucense Santacrucense Santacrucian } 

} Santacrucense Notohippideen } Kar ·k Santacruzense 
Karaikense 

Karaikense (Karaikenian) Santacrucense 
Santacrucian AstrapOthericuleen aJ. ense Pinturense (excluded as 

a stage) 

Colpodoneen Trelewense Colhuehuapiense Trelewense Trelewense Colhuehuapian Colhuehuapiense } Colhuehuapiense Colhuehuapian 
Tequeen (excluded as (excluded as (excluded as Teckaense } {excluded as 

a stage) a stage) a stage) a stage) 
Castillense? Castillense? 

Pyrothereen Deseadense l Deseadense Deseadense Deseadan Deseadense Deseadense Deseadan 
Divisaderense Divisaderan 

Deseadense 
Astraponoteen Mustersense Mustersense Mustersense Mustersan Mustersense Mustersense Mustersan 
Notostylopeen {Casamayorense } Casamayorense {~ar.nayorense Casamayorense e} Casamayoran Casamayorense Casamayorense Casamayoran 

Colhuehuapiense Colhuehuapiense Colhuehuapiens . 

(not clearly (not clearly (not clearly (not clearly Riochican Riochiquense Riochiquense Riochican 
recognized) recognized) recognized) recognized) 
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faunas were made in Argentina, especially in the southern region known as Patagonia I. 
All but one of the South American Tertiary land mammal ages presently recognized 
were based on Argentine faunas, and these serve as a standard for calibrating mammal 
evolution on a continent-wide basis. 

That we have this record is very largely due to the work of two extraordinary men, 
the brothers Ameghino - Florentino working mainly in the lab, Carlos in the field. 
They recognized in one form or another, although for the most part under different 
names, nearly all of the land mammal ages as shown in table I; the only ones unknown 
to them were the Riochican, Chasicoan, Divisaderan, and Uquian (Simpson, 1948, 
(980). The magnitude of their achievement, as summarized largely by Florentino 
Ameghino (1906) can be appreciated by a look at the' state of the art' around 1880 
(table 2), about the time they began their work in earnest. No mammals were known 
from the continental 'Guaranitic', and the mammalian assemblage ascribed to the 
madne 'Patagonian' was such that no one could have made sense of it (the European 
genera were listed due to mistaken identifications by Bravard). Within about 25 years, 
the Ameghino's brought the succession nearly to its present state of knowledge (Bryan 
Patterson, personal communication). 

Table 2. The South American Cenoioic ca. 1880 

I. Pampeall "Fm. " = Ensenadan and Lujanian. 

1I. Patagolliafl "Fm." Included marine deposils at Parana and in Palagonia, terreslrial 
deposits of Huayquerian and Santacrucian ages. Mammals: "Palaeotilerium " , IiAno~ 
p[otherium", "Megamys", H Anchitheritun", Nesodoll (s.I.), Homa/odo/herium, Astra
potherium, cetaceans. 

1Il. Gua,.allitic "Fm." Based primarily on rocks exposed in Corrientes, Argenlina; used as a 
catch-all. 

The principles and practices employed in establishment and recognition of South 
American land mammal ages are reviewed, along with previous and present concepts 
of distinguishing time, rock, and faunal units. As all but one of the South American 
Tertiary land mammal ages are defined on Argentine faunas, they are discussed first 
and at length. Each of these ages is reviewed with discussion of type locality, strati
graphy, type fauna, and faunal correlations. Non-Argentine faunas are then discussed 
country by country in alphabetical order. The zoological character and history of the 
South American Tertiary land mammal faunas are summarized. Lastly, a review is 
given of radioisotope dates obtained on volcanic rocks (i. e., basalts, tuffs) associated 
with mammal-bearing strata in Argentina (and Bolivia). Based largely on these age 
determinations, a chronology of South American land mammals ages, North Ameri
can land mammal ages, and European marine stages is proposed. 

1. Patagonia is a geographical, not political, name generally applied to that part of Argentina which extends from 
south of the RID Colorado to the Straits of Magcllan, and from the Andes in the west to the Atlantic Ocean in the east. 
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SOUTH AMERICAN TERTIARY LAND MAMMAL AGES 

TIME, ROCK, AND FAUNAL UNITS 

For many years stratigraphic nomenclature in Argentina has, as elsewhere, been 
confused by a lack of clarity in distinguishing units and names applicable to time, 
rocks, and faunas. Discussions of these problems along with attempts to clarify usage 
are given by Fossa-Mancini et al. (1938), Simpson (1940, 1941a, 1971), Pascmil, Ortega 
Hinojosa, Gondar, & Tonni (1965, 1966), and Pascual & Fidalgo (1972). 

F. Ameghino (e.g., 1906), working in Argentina, called his major stratigraphic 
units joYmaciones, using the term for much larger units and with a different meaning 
than is now customary in most usage. L. Kraglievich (1934), following Ameghino (e.g., 
1906), also called themjormaciones and specified their faunal content by the alternative 
name clclos jaun{sticos. By formation (jormacitm) we mean a strictly lithostratigraphic 
unit defined as a distinct and mapable body of rock. Formations are given geographic 
names, without such endings as -an, -ense, or ·iano (see below). 

Stage and corresponding age names are identical and have Argentine geographic 
roots followed in English by the conventional ending -an or -ian, in Spanish by the 
ending -ense and the appropriate term piso or edad. The SPflnish term equivalent to 
stage in Argentina is plso, synonymous with the Portuguese anday, now commonly 
adopted in Brazil; both are chronostratigraphic units. The Spanish word edad is equiv
alent to age and is a geochronologic unit. The suffix -iano was typically used with 
grupo (usually with scope of a series), and -ense with piso (usually with scope of a for
mation) (Simpson, 1941a, p. 5; 1971, p. 287). 

By stage we mean all the rocks of a given age; it is a chronostratigraphic unit usual
ly enclosing one or more formations, although one formation may well overlap more 
than one defined stage (Simpson, 1974, p. 4). By age we mean a strictly geochronologic 
unit, a segment of geological time. The meanings of these terms are thus in accord 
with the North American Code of Stratigraphic Nomenclature, despite the fact that 
mos(, if not all, the ages have not been defined in terms of stages (article 16a). 

Formations (lithostratigraphic units) and stages (chronostratigraphic units) are 
placed in different stratigraphic classifications; however, it has been usual in Argen
tina to apply to a stage the same geographic name as that of an included formation. 
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Also, names of South American land mammal ages, as in Pascual, Ortega Hinojosa, 
Gondar & Tonni (1965, 1966) are based intentionally onlithostratigraphic units, even 
though it could be argued that some of the Iithostratigraphic units in question never 
were defined as such, and that this is in opposition to the requirements of the Argen
tine Code of Strati graphic Nomenclature (article 34, remark)2. 

For the Tertiary, as for the Quaternary, principal mammal-bearing deposits were 
long known only from Argentina. In fact, all but one (the Friasian) of the South 
American land mammal ages now recognized were defined originally on the basis of 
Argentine faunas. The Argentine faunal sequence proposed by Ameghino was based 
on the evolutionary grade of its fossil mammals. This sequence served as the frame
work for the South American land mammal ages formally recognized by Pascual, 
Ortega Hinojosa, Gondar & Tonni (\965, 1966). These land mammal ages have proven 
applicable throughout South America (Simpson, 1971, p. 283). 

The chronology and usage of South American land mammal ages in this study 
(table 1) follow Patterson & Pascual (1972, p. 248, table 1). The only modification is 
the tentative recognition of a Chapadmalalan Age, upper part of Montehermosan of 
Pascual, Ortega Hinojosa, Gondar & Tonni (1965, 1966) and Pascual & Odreman 
Rivas (1971, 1973). One of us, R. P., is not in agreement with this procedure; R. H. has 
found it difficult, if not impossible to distinguish Chapadmalalan and Montehermo
san Ages in the non-Argentine countries as well. 

ARGENTINA 

SALAMANCAN (EARLY PALEOCENE) 

The marine Salamanca Formation of Chnbut Province, eastcentral Patagonia 
(Lest a & Ferello, 1972), is an important datum plane, as it disconformably underlies 
the Rio Chico Formation (Andreis, Mazzoni & Spalletti, 1975) in which the oldest 
known fossil mammals in the Argentine succession occur. The age of the Salamanca 
Formation has been disputed by early workers and was placed at various times in the 
Cenomanian, Maestrichtian, Danian, Paleocene and early Eocene. Stenzel (\945), 
based on a study of the oyster genus Odontoglyphaea, suggested that it was Thanetian 
or Ypresian in age. Recent studies of foraminifera (Bertels, 1970, p. 495, 1975, 1979; 
Mendez, 1966) and the long-known absence of undoubtedly and fully Cretaceous guide 
fossils (i.e., dinosaurs) (Feruglio, 1937) indicate the Salamanca Formation to be of 
early Paleocene (late Danian) Age. The Salamanca Formation is largely marine in 
origin, but with littoral facies containing crocodiles and turtles, while the overlying 
Rio Chico Formation is entirely continental (Archangelsky, 1976, p. 43). 

2. Florcntino Ameghino's criteria for distinguishing stratigraphic units were dearly stated by him in 1906 (p. 201) : 
«Depuis quelques annees j'cmpioie unc desinence lIniforme pOUf les noms des etages. et distincte de celle cgalcment 
uniforme des noms de formations. Dans mcs travaux en langue fraO!;aise, je donne aux noms des formations les ter
minaisons iell ct ;erllJe, selon que le mot est masculin ou feminin : patagonien, patagonicnne, etc, Les noms des etages 
portent la terminaison em: santacruzeen, superpatagoncen, colpodoneen, etc, Voila aussi pourquoi j'ecrisjormatioll 
pampiemleet non pampeenne, etage safltaCnlzee1l et non sallfacrtlzlelJ, etc, )), 
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This Iithostratigraphic unit is based on the designation Salamancaneen of H. von 
Ihering (1903, p. 195). Two members are now recognized (Andreis, Mazzoni & Spal. 
letti, 1975). The lower or Bustamente Member is largely calcareous and was deposited 
in an open or neritic environment .. It is exposed in Bahia Bustamente and in isolated 
areas in the vicinity of Tetas de Pinedo. The upper or Hansen Member is characterized 
in the coastal zone by epiclastic sediments, predominantly gray and in part yellow 
and/or green. This member was deposited in a transitional environment characterized 
by restricted circulation and includes the classic beds commonly attributed to the 
Salamanca Formation (i.e., Banco Negro Inferior, Banco Verde) in the Golfo de San 
Jorge. The Banco Negro Inferior of Feruglio (1949) includes 10 cm of a fine white tuff 
and contains remains of turtles, crocodiles, and silicified wood. Based on the work of 
McCartney (1933), Simpson (1935b, p. 7) included the Banco Negro Inferior within the 
Salamanca Formation, although Feruglio (1949) later considered it as the base of the 
Rio Chico Formation. Andreis, Mazzoni & Spalletti (1975, p. 91), based on the similar 
lithology between the Banco Negro and those beds below it and in the presence of a 
marked change in the sedimentation above the Banco Negro, included the Banco 
Negro Inferior in the Hansen Member of the Salamanca Formation. On the basis of 
this marked change in sedimentation those workers recognized an erosional uncon· 
formity, which is particularly evident in the area of Puerto Visser. The Banco Verde is 
composed largely of glauconitic sands (McCartney, 1933, p. 15; Simpson,.1935b, p. 7). 

The sedinients referred to the Salamanca Formation are testiinony of the' first Ter· 
tiary Atlantic marine ingression in this basin; the sea was shallow, regressing in at least 
two pulses (Archangelsky, 1976, p. 55). The Salamanca Formation accumulated in a 
shallow marine basin which, as evidenced by the abundance of glauconite and the 
presence of invertebrates and microplankton, was represented by a tectonically stable 
environment (Lesta & Ferello, 1972). 

RIOCHICAN (MIDDLE AND LATE PALEOCENE) 

The Rio Chico Formation was formally recognized by Simpson (1933, p. 11) for 
those mammal.bearing beds which occur below the Casamayor Formation and above 
the Salamanca Formation. The name was given for the Rio Chico del Chubut, in the 
valley of which these beds are well developed (fig. I). The type locality is at Canad6n 
Hondo (fig. I). The Riochican beds were informally referred to by earlier workers 
under a diversity of names, including dinosaur sOlldstones (Roth, 1908), upper dinosaur 
beds (Windhausen, 1924), Pehuellche (Feruglio, 1929), Sehuellse or Sehuenense (Ameghi. 
no, 1898, p. 121) and Notostylopeell ... partie basale (Ameghino, 1900-02). Simpson (1940, 
p. 655) noted that these beds were long thought to represent the terminal part of the 
late Cretaceous dinosaur bearing Chubut Group. It is now established that the Rio 
Chico Formation is somewhat later in age than the Salamanca Formation, that it does 
not contain dinosaurs, and that it 'does contain early Tertiary mammals (Simpson, 
1940, p. 655-7). . 

The Rio Chico Formation is composed predominantly of sands and clays, some 
bentonitic (Simpson, '1935b, p. 7) and some of fluviatile origin (Andreis, Mazzoni & 
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Spalletti, 1975, p. 86). The largest section yet measured (131 meters) is at Pico Sala
manca (Andreis, Mazzoni & Spalletti, 1975, p. 93, table 2), although Feruglio (1949) 
reported that it reaches a maximum known thickness of 250 meters in the subsurface 
of Caiiad6n Perdido. 

Andreis, Mazzoni & Spalletti (1975) divided the Rio Chico Formation into two 
members, the lower Las Violet as and the upper Visser; both represent fluvial meander
ing cycles. The Las Violet as Member is characterized by epi- and pyroclastic gray and 
yellowish sediments, and contains some paleosol levels. The Visser Member is ident
ified by the epiclastic, arkosic (feldspathic) nature of its sandstones and conglomerates, 
by gray green interbedded bentonites, and by fossil vertebrates and tree trunks. The 
top of the Visser Member is difficult to define, given that this passage is at times tran
sitional with the Tobas de Sarmien(o (see below). 

Fossil mammals, first reported from what is now called the Rio Chico Formation 
by Feruglio (193Ia), Piatnitzky (1931), and Bordas (1935a), were later described by 
Simpson (1935a, b, 1948, 1967b). They have been reported from six local faunas at 
four localities (fig. I, table 3): Bajo de la Palangana (two levels), Canad6n Hondo, 
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Fig. 1. - Map of central Patagonia, southern Argentina, showing principal mammal-bear
ing localities of Tertiary age. 
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Cerro Redondo (two levels), and Pan de AZ(lcar. Other localities are also known along 
the northcentral part of Chubut Province and at the Barranca south of Lago Col hue
Huapi (Pascual, unpublished). 

Simpson (1935 b) arranged these local faunas into « faunal zones» based on the 
relative stage of evolution of the taxa. These faunal zones include, from oldest to 
youngest: the Carodnia faunal zone (lower faunas from Bajo de la Palangana and 
Cerro Redondo), the Kibenikhoria faunal zone (fauna from Cafiad6n Hondo), and 
the Ernestokokenia faunal zone (fauna from upper level at Bajo de la Palangana). The 
upper local fauna from Cerro Redondo and that' from Pan de Azucar could not be 
confidently assigned to any of these zones. Based on this arrangement, Simpson (1948, 
p. 29) later noted that there is evidence that the Riochican (tentatively regarded by 
Simpson as late Paleocene) land mammal age includes two and probably three differ
ent "successive faunas so distinctive that separate designations and stage names will 
probably be necessary for them". He further suggested that in itself, this age suggests 
a lapse of time probably great enough to include both the middle and late Paleocene. 
" At present, however, few of these successive phases are known, and each is repre
sented only by a scanty local fauna" (Simpson, 1948, p. 29). It is thus premature to 
attempt a definite stratigraphic or temporal subdivision. All fossils from these beds 
are therefore considered as representing a broad Riochican Age (Simpson, 1948, p. 30) 
which, based on paleomagnetic analysis of a stratigraphic section of Cerro Redondo, 
is shown to encompass middle and late Paleocene time (Marshall, Butler, Drake & 
Curtis, 1981). 

All of the well-preserved, identifiable Riochican mammals are specifically distinct 
from Casamayoran (early Eocene) taxa. One of us (Pascual, unpublished) has found, 
however, that the upper Riochican fauna from Bajo de la Palangana contains species 
which have been considered to be typical of Casamayoran Age. There are many gen
era which occur in both faunas (see p. 65), indicating that there is little time between 
late Riochican (i.e., uppermost fauna from Bajo de la Palangana) and early Casa
mayoran as now known (Simpson, 1967b, p. 250). Recently, And,reis (1977, p. 86) 
reported an angular unconformity between the Rio Chico Formation (Visser Member) 
and the overlying Casamayoran Age strata (Canad6n Hondo Formation) exposed in 
Cafiad6n Hondo. Despite this, "even in the latest Riochican faunule, where most of 
the genera and perhaps some species are the same as in the immediately following 
Casamayor, neither Notostylops (a typical Casamayoran genus) nor a forerunner has 
yet been found" (Simpson, 1948, p. 171). 

Pascual, Vucetich & Fern{U1dez (1978) have reported a probable Riochican fauna 
from red silts tones of the Mealla Formation, Santa Barbara Subgroup (the Santa Bar
bara Subgroup includes, from oldest to youngest, the Mealla, Maiz Gordo, and 
Lumbrera Formations) upper part of Salta Group, in Jujuy Province, northwestern 
Argentina. The locality is south of the railroad station of Tres Cruces (fig. 2), between 
23 0 0'-15'S and 66 0 30'-45'W (for map of exact locality, see fig. I, Fernandez, Bondesio 
& Pascual, 1973). This locality occurs in the southern part of the Andean Basin (sensu 
Reyes, in Reyes & Salfity, 1973), a large sedimentary basin.which includes rocks of 
Cretaceous and early Tertiary Age in the northwestern corner of Argentina, south
western Bolivia and southern Peru (see fig. 1 ,Reyes & Salfity, 1973). The fauna in
cludes a new henricosborniid genus with two species, Simpsonotus praecursor and S. 
Imuor (Pascual, Vucetich & Fernandez, 1978). 



Flera 

• 

6f!' 

Ail Collon Cura 

.... COsquin 

SaUnas Gran,jes 
de Hidalgo 

.,.Jngeniero 
Jacobacci 

13 

6<1' 

o 100 200 300 400 km. 

Arroyo 
.Guamini 

Curuzu 
cua~a 

N 

t 

del Plata 

..r"Ct,apadm"lal Fm. 

Quequen 
Salado 

Fig. 2. - Map of central and northern Argentina showing principal mammal-bearing localities 
of Tertiary age. 



14 

Table 3. List of Riochican local faunas from Argentina 

A. Chubut Province (Patagonia) 
I. BAJO DE LA PALANGANA 

1. Lowesl mammals -- 191020 melers above Ihe "Banco Negro Superior", in fine red sand
stone. 

Order Xenungulata 
Family Carodnildae 

Carodnia feruglioi SIMPSON (1935), see Simpson (1935a) 

2. Highesl mammals -- 85 10 88 melers above Ihe "Banco Negro Superior", and abolll 6 
melers below Ihe Casamayor luffs, in coarse gray 10 pink sandslone. 

Order Marsupl.Ua 
Family Borhyaenidae 

? Nemo/esles sp. see Simpson (1948) 

Family Polydolopidae 
Po/yd%ps winecage SIMPSON (1935), see Simpson (I935a) 

Order Condylarthra 
Family Didolodolltidae 

Emeslokokenia chaishoer SIMPSON (1935), see Simpson (I935a) 
Emeslokokenia ?yirunhor SIMPSON (1935), see Simpson (1948) 

Order Notoungulata 
Family Henricosborniidae 

Henricosbomia ?/ophodonla AMEGHINO (1901), see Simpsoll (1948) 
?Olhnie/marshia sp. see Simpson (1948) 

Family Isotemnidae 
[solemnus sp. see Simpson (1935b) 
?P/eurosly/odon sp. see Cabrera (1935) and Simpson (l967b) 

Family Interatheriidae 
Nolopithecl/s sp. see Cabrera (1935) and Simpson (1967b) 

Family Archaeohyracidae 
?Eohyrax sp. see Cabrera (1935) and Simpson (l967b) 

Notoungu)ata. illcerlae sedis 
Brandmayria simpsoni CABRERA (1935) 

Order Lltopteroa 
Family Macraucheniidae 

Viclorlemoinea sp. see Simpson (1948) 

Family Proterotheriidae 
Ricardo/ydekkeria sp. see Simpson (1948) 
Josepho/eidya sp. see Simpsoll (1948) 

Order Trlgonostylopoldea 
Family Trigonostylopidae 

Trigonosly/ops sp. see Simpson (l935b) 
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n. CANADON HONDO (KlBENIKHORIA FAUNA) 

Order Marsupialia 
Family Borhyaenidae 

Palelle sp. see Simpson (1948) 

Family Polydolopidae 
1 Polydolops kameklsell SIMPSON (1935), see Simpson q 935a) 

Incertae sedis 
Gasllternia elalehor SIMPSON (1935), see Simpson (l935a) 

Order Condylarthra 
Family Didolodontidae 

Erneslokokellia yirullhor SIMPSON (1935), see Simpson (1935a) 

Order Notoungulata' 
Family Henricosborniidae 

Hellricosbomia waitehor SIMPSON (1935), see Simpson (l935a) 
? Peripallloslylops orehor SIMPSON (1935), see Simpson (l935a) 

Family ?Notostylopidae 
Seudenius elerolle SIMPSON (1935), see Simpson (l935a) 

Family Isotemnidae 
?lsolemnus elalego SIMPSON (1935), see Simpson (1935a) 

Family Interatheriidae 
?Trallspilheeus sp. see Simpson (l967b) 

Family Oldfieldlhomasiidae 
Kibellikhoria gel SIMPSON (1935), see Simpson (1935a) 

Order ?Lltopterna 
Gell. el sp. illdel. see Simpson (1935b) 

Order Trlgonostylopoldea 
Family ?Trigonostylopidae 

Sheeellia etirneru SIMPSON (1935), see Simpson (l935a) 

Ill. CERRO REDONDO 

I. Lowest mammals -- 32 10 33.5 meters above top of" Banco Negro Inferior", and 37 meters 
above" Banco Verde". The fossils are from a clay and sandstone horizon, base of level 
"h", Figure 3, Simpson (1935b, p. 8). 

Order Marsupialia 
Family ?Borhyaenidae 

Gell. el sp. illdel. see Simpson (l935b) 
Family Polydolopidae 

Seumadia yapa SIMPSON (1935), see Simpson (l935a) 

Order Lltoptern. 
Family Proterotheriidae 

Waillka Isholshe SIMPSON (1935), see Simpson (l935a) 
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2. Highest mammals -- 85 to 86 melers above lowest mammals (see above), and about 117 to 
118 meters above top of the "Banco Negro Inferior". The fossils are found in lenses of 
hard cross-bedded gray sandstone, weathering reddish. Level "m", Figure 3, Simpson 
(I935b, p. 8). 

Order Edentata . 
Family Dasypodidae 

Gen. cl sp. indel. see Simpson (1948, nec 1935b) 

Order Notoungulata 
Family Isotemnidae 

Gen. cl sp. indel. see Simpson (1935b) 

Family ?Interathcriidae 
Gen. cl sp. illdel. see Simpson (1935b) 

IV. PAN DE AZUCAR 

Order MarsuplaUa 
Family Polydolopidae 

Po/yd%ps rolhi SIMPSON (1936) 

Order Notoungulata 
Family Henricosborniidae 

Hellricosbomia mil/ula (ROTH) 1903), see Simpson (1948) 

Family Isotemnidae 
lsolemnus haugi (ROTH, 1902), see Simpson (1967b) 

Family lnteratheriidae 
Gen. el sp. illdel. see Simpson (1935b) 

Order Notoungulata 

B. Jujuy Province (Northwestern Argentina) 
V. SSW OF TRES CRUCES 

Family Henricosborniidae 
Simpsof/oluspraecursor PASCUAL, VUCETICH, and FERNANDEZ (1978) 
Simpsonolus major PASCUAL, VUCETICH, and FERNANDEZ (1978) 

SARMIENTO GROUP (EOCENE AND OLlGOCENE) 

The term Tobas de Sarmiento was proposed by Feruglio (1938) for those pyroclastic 
sediments which occur above the' terrestrial Rio Chico Formation and below the 
" Patagonian" marine stage (see below). "Despite the relatively uniform source ma
terials and the tendency of many geologists to refer to [these pyroclas'tic sediments] as 
a unit, this series is really highly varied in lithology and ... structure" (Simpson, 1940, 
p. 659). The Grupo Sarmiento is recognized by Spalletti & Mazzoni (1977, p. 279-82) as 
a peculiar and unique loessic deposit of Tertiary Age. This succession is 'comparatively 
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thin, 150-190 meters in thickness according to Feruglio (1949). It was recognized as the 
Sarmiento Group (Andreis, Mazzoni & Spalletti, 1975) and inclndes mammal-bearing 
beds of Casamayoran, Mustersan, Deseadan, and Colhuehuapian Age (Simpson, 
1948, p. 30; Bordas, 1943). 

In these sediments Carlos Ameghino found an abundance of fossil mammals; his 
brother Florentino (e.g., 1906) formally recognized them as representing four distinct 
faunas, which he named for a characteristic, but not the most abuudant, mammalian 
genus. From oldest to youngest, these are the Notostylops, Astraponotus, Pyrothe
rium, and Colpodon faunas. "The rock units from which these [faunas] come were 
named for these genera [e.g., Notostylopense] , names also used for time units in cor
relation. These have since given way to geographic names developed by Gaudry (1906, 
following work by Tournouer, 1903), [L.] Kraglievich (1930c), Frenguelli (l930a), and 
[among others, Simpson (1933), and are] ... usually given in Spanish with the suffix· 
-ellse" (Simpson, 1940, p. 659). Gaudry (1906), relying largely on the faunal studies of 
F. Ameghino and the field work of Tournouer (1903), united the Colpodon and Pyro
therium beds in an Eff/ge dll Deseado and called the Notostylops beds the Efage dll CaSf/
mayor. He did not distinguish the Astraponotus beds. Loomis (1914) redefined this 
unit to include only the Pyrotherium beds; this has become universal usage. Frenguelli 
(1930a) applied to the Colpodon beds the name Colhue-Huapi (Co/lllleiluapiellse) [Kra
glievich (1930c) used the term Co/ilueilllapiellse in a different sense], which had been sug
gested in this sense by Ameghino in 1898. L. Kraglievich (1930c) gave the name Musters 
(Mllstersense) to the Astraponotus beds (Simpson, 1942); Simpson (1940, p. 659) pro
posed" to use the unmodified geographic name for rock units and suffix -all to form 
the names of standard time units. The sequence is, then, as follows: 

Fauna Typical Rock Time Unit 
(Ameghino) Unit (Age) 

Co/podoll Colhlle-Hllapi Colhllehllapian 
Pyrotilerilllll Deseado Deseadall 
Aslropollollis Musters Mustersan 
Nolosly/ops Casamayor Casamayoran 

The successive faunas of Ameghino correspond with sufficiently clear-cut temporal 
units approximately equivalent in status to North American or European Tertiary 
provincial ages and stages and [are] well definable as such" (Simpson, 1948, p. 29-30). 

At the Great Barranca south of Lago Colhue-Huapi (fig. 1), "all four faunas occur 
superposed in a single sequence and the type descriptions of three of them [Casamayo
ran, Mustersan, Colhuehuapian] were based, for the most part, on material from this 
locality" (Simpson, 1940, p. 659). There, as elsewhere in Patagonia, these faunas have 
been clearly identified and the type faunas show that there is a marked hiatus in time 
between each. "Until now these local faunas have seldom been clearly distinguished as 
such and their sequence has not been established, almost all publications simply refer
ring material in hand to the one of the four faunas that it most resembles, without 
further or precise details" (Simpson, 1940, p. 659). 

Local faunas which occur within these hiatuses are now known from diverse local-
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ities in the provinces of Chubut and Rio Negro. Data on one of these transitional 
faunas has been published (see Pascual, 1965a; Odreman Rivas, 1969), but many others 
are as yet unpublished. 

Andreis et al. (1975) and Spalletti & Mazzoni (1977) studied the Sarmiento Group at 
various localities and at most were unable to recognize unconformities between the 
mammal-bearing units or distinct mapable units or formations. Because of this pecu
liarity, Spalletti & Mazzoni (1979) now recognize it as the Sarmiento Formation. They 
were, however, able to recognize sedimentary cycles \vhich, on preliminary analysis, 
appear to correspond to the different land mammal ages. Three of these sedimentary 
units, for example, have been recognized by them at the Great Barranca south of Lago 
Colhue-Huapi. 

CASAMAYORAN (EARLY EOCENE) 

Fossils of Florentino Ameghino's Notostylops fauna were first found by his 
brother Carlos in 1895-1896 at the Great Barranca south of Lago Colhue-Huapi (fig. I; 
Simpson, 1967a, p. 67). However, Tournouer (1903) found a few fossils referrable to 
this same fauna near Punta Casamayor, Santa Cruz Province, on the coast of the Gulf 
of San lorge, roughly halfway from Comodoro Rivadavia to Cabo BIanco (fig. I). 
The locality is southeast of Punta Casamayor along the coast between that point and 
Puerto Mazaredo, especially in a small canadon that the Ameghino's named after 
Tournouer. Dealing with these fossils Gaudry (1906) applied the name Htage dll Casa
mayor to the beds now known by that name, which in turn has given its name to the 
Casamayoran land mammal age (Pascual, Ortega Hinojosa; Gondar & Tonni, 1965; 
Simpson, 1967a, p. 68). This, the type Casamayor, is poorly fossiliferous; the,largest 
known collections come from the Great Barranca south of Lago Colhue-Huapi. 

Fossil localities yielding Casamayoran mammals have been reviewed by Simpson 
(1948, 1967a). In addition to the Great Barranca and Caiiad6n Tournouer (near Punta 
Casamayor), other important,Iocalities include kilometer 170 (of railroad from Como
doro Rivadavia to Colonia Sarmiento), Cerro BIanco, Valle Hermoso, Cerro del 
Humo, Caiiad6n Vaca, Caiiad6n Hondo, vicinity of Cabeza B1anca, Pico Salamanca, 
and probably Pico Truncado (fig. I). Pascual (1965a, unpublished) recorded new 
Casamayoran localities from Laguna de la BombiIIa and vicinity of Paso de Los 
Indios, and near Paso del Sapo, all in Chubut Province; another has been reported 
from the Lumbrera Formation (SaIta Group, Santa Barbara Subgroup) north of 
Pampa Grande, Salta Province (fig. 2), between the small village of Carahuasl and the 
Rio Bordo along National Route 9 (25 0 48'S, 65 0 27'W) (for exact locality see fig. 1 in 
Carbajal et al., 1977), northwest Argentina (see Pascual, 1980a; Carbajal, Pascual, 
Pinedo, Salfity & Vucetich, 1977; Pinedo & Carbajal, 1975). The mammals recorded 
thus far frolll the red silts tones of the Lumbrera Formation, and collected from just 
below the Faja Verde, ,include two didelphoid marsupials, Prepidolops and Bonapar
therium (Pascual, 1980b, c; Pascual & Bond, 1981), a new species of ?Albertogalldrya, 
A. carahuasensis, family Astrapotheriidae (a trigonostylopoid after Simpson or an 
astrapothere after, among others, Pascual & Vucetich - in Carbajal et al., 1977), and 
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Table 4. Generic list of Casamayoran mammals from Patagonia 

Order MarsupiaUn 
Family Dideiphidae 

Coolla 
Eomicrobiotherium 

Family Caroloameghiniidae 
Caroloameghinia 

Family Borhyaenidae 
Angelocabrerus 
Argyrolestes ' 
Arminiheringia 
Nemolestes 
Patene 

Family Poiydoiopidae 
Amphidolops 
Eudolops 
Polydolops 

Order Edentata 
Family Dasypodidae 

Astegotherium 
Coe/u/aellls 
Machlydolherium 
Meteutatus 
Peitephiiinae indet. 
Prostegotherium 
"Fseudoslegot herium" 
Utaetus 

Order Condyiarthr. 
Family Didoiodontidae 

Argyrolambda 
Asmithwaodwardia 
Didolodus 
Enneocollus 
Ernestokokenia 
Oxybunolherium 
Paulogervais;a 
Praee/oeion 

Order Litopterna 
Family Proterotheriidae 

Anisolambda 
Guilietlno/lower/a 
Josepholeidya 
Ricardolydekkeria 

Family Macraucheniidae 
Ernestohaeckelia 
Victorlemoinea 

Order Notoungulata 
Family Henricosborniidae 

Henricosbornia 
Olhnielmarshia 
Peripanloslylops 

Faniily Notostylopidae 
Edvardotrouessarlia 
Homalostylops 
Noloslylops 

Family Oldfieldthomasiidae 
Maxschlosseria 
Oldfieldt homasia 
Paginula 
Ultrapithecus 

Family Archaeopithecidae 
Acropithecus 
Archaeopithecus 

Family Interatheriidae 
Anlepilhecus 
Nolopilizecus 
Transpit hecus 

Family Archaeohyracidae 
Eohyrax 

Family Isotemnidae 
Acoelohyrax 
An;sotemnus 
Isotemnus 
Pleurostylodo/l 
Thomashux/eya 
Coeloslylodon 

Family Sparnotheriodontidae 
Sparnollieriodon 

Order Astrapotheria 
Family Astrapotheriidae 

Albertogaudrya 
Scagliu' 

Order Trigonostylopoldea 
Family Trigonostylopidae 

Trigonostylops 

Order Pyrotheria 
Family Pyrothcriidae 

Carolozittelia 

Mammalia fnc. sed. 
F/orentinoameghinia 
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several families of the order Notoungulata - including, among others, Notostylopi
dae (Boreastylops VUCETICH, 1980) and Isotemnidae (Pascual, unpublished). A skull 
of a notoungulatewas collected from the upper part of the Lumbrera Formation at a 
locality about 30 kilometers north of the village of Carahuasi, Salta Province (Pascual, 
unpublished). Remains of the notoungulate family Isotemnidae have also been collect
ed (Pascual, unpublished) from just below the Faja Verde of the Lumbrera Formation 
south of the railroad station of Tres Cruces, Jujuy Pro'vince (fig. 2). ' 

The deposits of Casamayoran Age appear to be the thickest, in most sections, and 
the most widespread of the Sarmiento Group; they extend as " a thick mantle of suc
cessive ash falls over all of central Patagonia and probably far beyond. Locally they 
are fluviatile, lacustrine, and other diverse facies. The deposits seem to have rested on 
an almost flat lowland" (Simpson, 1940, p. 660). According to Ameghino (1900-1902), 
the etage Notostylopeen represents a long period of time, and the then known fauna 
appeared to represent gradual change between its different levels. For this reason he 
recognized three distinct mammal-bearing horizons - "une par tie basale ... une par tie 
inferieure ... une par tie superieure". Discussions of Casamayoran Age strata and 
faunas are given by Pascual (1965a, p. 63) and Simpson (1967a, p. 69). 

The notoungulate genus Notostylops is the primary mammal guide fossil for the 
Casamayoran, although it is not necessarily found in all local faunas of that age. 
Additional mammalian guide fossils of Casamayoran Age include Coona, Eomicro
biotherium. Caroloameghinia. Angelocabrerus, Argyrolestes, Arminiheringia, Eudo
lops, Astegotherium. Coelutaetus, Argyrolambda, Didolodus, Enneoconus. Oxybu
notherium, Paulogervaisia, Proectocion, Ernestohaeckelia, Guilielmojloweria, Ed
vardotrouessartia, Maxschlosseria, Oldjieldthomasia, Faginula, Ultrapithecus. Acro
pithecus. Archaeopithecus. Antepithecus. Anisotemnus. Th'omashuxleya. Sparnothe
riodon. Scaglia. Albertogaudrya. Carolozitfelia. and Florentinoameghinia (table 4). 

MUSTERSAN (TENTATIVELY ASSIGNED TO THE MIDDLE EOCENE) 

The Astraponotus fauna was first found and later recognized on the, bases of 
specimens collected in 1895-96 by CarIos Ameghino from the Great Barranca south of 
Lago Colhue-Huapj (Simpson, 1967a, p. 64). This then may be regarded as the type 
locality of the Mustersanland mammal age and a majority of Ameghino specimens are 
from here. Classic Mustersan localities (see Simpson, 1948, p. 27; 1967a, p. 68) include 
the Great Barranca, Cerro Blanco, and Cereo del Humo (fig. I). Two new and very 
rich localities have been found by Pascual and fellow workers in the Gran Hondo
nada near Laguna del Mate (fig. I), Chubut Province (Odreman Rivas, 1969; Andreis, 
1972). ' ' 

" The beds of Mustersan age are the most restricted in known extent and usually 
appear as local channel deposits, frequently inciscd .. into rocks of Casamayoran Age 
(Simpson, 1940, p. 660). During Mustersan time forces causing" uplift and erosion 
were evidently increasingly active, because the Mustcrs was not deposited or was en
tirely removed in many localities and the Deseado often rests directly on the Casa
mayor" (Simpson, 1940, p. 660). 
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Mammalian guide fossils for Mustersan Age faunas include Ples;ojelis, Proc/ado
s;ctis, Pseudeulalus, Xeslllodon, Heleroglyphis, Polyacrodon, PolYlllorphis, Olronia, 
Tsalllnichoria, Guilielllloscoltia, Blyanpaltersonia, Pseudhyrax, Dislylophorus, Peri
phragnis, Rhyphodoll, EOlllorphippus, Eohegelolheriulll, Eopachyrucos, Pseudo
pachyrucos, Aslrapollolus, Helerolophqdon, 'Slenogeniulll', and TrUobodon (table 
5). 

Table 5. Generic list of Mustersan mammals from Patagonia 

Order Marsupialia 
Family Borhyaenidae 

Plesiofelis 
Procladosiclis 

Family Polydolopidae 
Polydolops 

Order Edentata 
Family Dasypodidae 

Machlydotherium 
Me/el/tatus 
Peltephilinae indel. 
Pseudeufatus 

Family Glyptodontidae 
Giyplalelus 

Family Palaeopeltidae* 
Palaeopellis 

Family ?Megalonychidae 
? Proplatyartlirus 

Order Cofldyiarthr. 
Family ?Didolodontidae 

XesmodoJi 

Order Utopterna 
Family Proterotheriidae 

Heteroglyphis 
Polyacrodon 
Polymorphis 

Ordcr Notollngulata 
Family Notostyiopidae 

O/rollia 

Family OIdfieldthomasiiaae 
Tsamllic/toria 

*This family was founded on a parataxon. 

Family Interatheriidae 
Guilielmoscottia 
?Notopithecus 

Family Archaeohyracidae 
Bryanpattersonia 
?Eohyrax 
Pselldhyrax 

Family Isotcmnidae 
?Acoelohyrax 
Dislylophorlls 
Peripliragnis 
Rhyphodon 

Family Notohippidae 
Eomorphippus 
Inlerhipplls 

Suborder Hegetotheria inc. sedis 
Eohegetotheriwn 
Eopachyrucos 
Pseudopachyrucos 

Order Astrapotheria 
Family Astrapotheriidae 

Aslraponolus 

Order Trigollostylopoidea 
Family Trigonostylopidae 

Trigonostylops 

Order Pyrotheria 
Family pyrotheriidae 

Propyrolherium 

Mammalia ilJc. sedis 
Heterolophodoll 
HStellogenium JJ 

Trilobodon 
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DlVISADERAN (TENTATIVELY ASSIGNED TO THE LATE EOCEi'iE) 

The Divisaderan land mammal age was proposed by Pascual, Ortega Hinojosa, 
Gondar & Tonni (1965) for the fauna from the Divisadero Largo Formation at Cerro 
Divisadero Largo, about 8 kilometers west of the city of Mendoza in westcentral 
Argentina (fig. 2). The fossils (table 6) come from units F-I of the lower and middle 
parts of the Divisadero Largo Formation which are composed of chocolate, buff fine
grained sandstone (Simpson, Minoprio & Patterson, 1962). Two localities, Divisadero 
Largo and Papagallos, are known. 

The age of the Divisadero Largo fauna is disputed. On the basis of a detailed review 
of the fauna, Simpson, Minoprio & Patterson (1962, p. 290) concluded that its age is 
approximately early Deseadan or latest pre-Deseadan (i.e. late Eocene). 

" As regards the latter possibility, it has long been realized from the evolutionary 
change in groups present in both Mustersan and Deseadan that a considerable time 
must have intervened. No mammalian faunas of intermediate age have been definitely 
identified, and at least one stage is here missing in the standard continental provincial 
sequence based on fossil mammals. The Divisadero Largo fauna may weil belong in 
that gap, although if so, it probably belongs toward or at the end of the gap and does 
not fill the latter or divide it evenly. This cannot be made the basis for supplying a 
previously missing age between Mustersan and Deseadan. In the first place, it is not 
certain that the Divisadero Largo does indeed belong there, and in the second place 
the known fauna is so scanty and what is known is so peculiar that it could not become 
a proper and useful standard for correlation" (Simpson et al., 1962, p. 290). 

Largely based on the fact that rodents are unknown in the Divisadero Largo fauna, 
and that their ecological niche was occupied by a specialized group of native marsu
pials (Groeberiidae), Pascual, Ortego Hinojosa, Gondar & Tonni (1965, 1966) suggest
ed that-the fauna probably falls within the final part of the hiatus recognized between 
the Mustersan and Deseadan. They thus regarded this fauna as late Eocene in age and 
recognized it as a distinct land mammal age, the Divisaderan. 

The older age of the Divisaderan with respect to that of the Deseadan is indirectly 
ratified by the regional correlation of the Rodados LIIslrosos from southern Mendoza 
Province with the Congiomerado Vlotaceo which disconformably overlies (Regairaz, 
1969, p. 253) the Divisadero Largo Formation (Rolleri & Criado Roque, 1969, p. 41). 
From a level above the Rodados LIIslrosos has recently been found mammals of typi
cal Deseadan character (Gorrofio, Pascual & Pombo, 1979). 

Pascual & Odreman Rivas (1971, p. 386) suggested that EslralOs de Cosqllin in the 
zone of Santa Maria-Cosquin, C6rdoba Province (see Linares et al., 1961) and the 
Horizonle Caslillense of 1. Kraglievich (l930c) at Curuzu-Cuatia, Corrientes Province 
(see Martinez, 1958) may be of Divisaderan Age. From the former is reported ?Eohy
rax rusticus AMEGHINO, 1901 (order Notoungulata, family Archaeohyracidae) and 
from the latter Ameghinotherium curuzucuatiense PODESTA, 1899 (order Notoungu
lata, family' Trachytheriidae' - famille non reconnue dans le reste du texte, rattachee 
aux Mylodontidae; Hoffstetter, personal note) (see Pascual, 1970, p. 1017). Based on 
new collections of fossil mammals the latter local fauna is now regarded as Deseadan 
in age (Pascual, unpublished). Non-marine rocks corresponding in time to the Divisa
deran have either not yet been found or are not recognized in Patagonia. 
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Table 6. List of fossil mammal species from the Divisadero Largo Formation 

Order MarsupiaJia 
Family Groeberiidae 

Groeberia minoprioi PATTERSON, 1952· 
Groeberia patlersoni SIMPSQN, 1970 

Order Lltopterna 
Family Adianthidae 

Adialllaides leali SIMPSON and MINOPRIO, 1949 

Family Proterotheriidae ? 
PllOradladius divarliellsis SIMPSON, MINOPRIO and PATTERSON, 1962 

Order Notoungulata 
Family 0ldfieldlhomasiidae? 

Braehyslephallus paslremus SIMPSON, MINOPRIO and PATTERSON, 1962 
Xelloslephallus ehioilii SIMPSON. MINOPRIO and PATTERSON, 1962 
Allalmeia alalaellsis RUSCONI, 1946 

Family Mesotheriidae 
Traehylherus? melldoeellsis SIMPSON and MINOPRIO, 1949 

Family Hegetotheriidae 
ElhegolheriwlI earetlei (MINOPRIO, 1947) 

Order and Family uncertain 
Aeamalla ambiguus SIMPSON. MINOpRIO and PATTERSON, 1962 

DESEADAN IEARLY (AND MIDDLE?) OLIOOCENE] 

During Carlos Ameghino's seventh expedition to Patagonia, 1893-1894, he collected 
a Deseadan fauna from a locality or area known as La Flecha in northeastern Santa 
Cruz Province, a little distance to the south of the mouth of the Rio Deseado (fig. I). 
The material collected during the expedition formed the basis of Florentino Ameghi
no's first paper on the Deseadan (pyrotherium) fauna (Ameghino, 1895, p. 603-606; 
Wood & Patterson, 1959, p. 28311). Several years later the French collector Andn! 
Tournouer (1903) made a collection of Deseadan fossils from this same locality (and 
elsewhere) and sent them to the Museum National d'Histoire Naturelle, Paris. Part of 
these collections \vere studied by Gaudry, who on the basis of the one from La Fle
cha, proposed (1906) the name Etage d/l Deseado to replace Ameghino's faunal name 
"couches it Pyrotherium". La Flecha then is the type locality of the Deseadan (Wood 
& Patterson, 1959, p. 283n; Patterson & Marshall, 1978). However, the first Deseadan 
mammal to the named, Pyrotherium romeroi, was by Ameghino (1888b) and was 
based on specimens from Neuquen Province, northwestern Patagonia. According to 
Uliana (cited in Pascual et al., 1978) these specimens probably came from strata map
ped as the Co1l6n Curu Formation near the headwaters of the Rio Neuquen, north of 
the Bajada del Agrio (fig. 2). The exact locality has not yet been relocated and mam
mal faunas of this age are unknown in Neuquen Province. This is even more unfortu
nate since Pyrotherium, the best known Deseadan guide fossil, was made the name
sake of Ameghino's "couches a Pyrotherium" and hence of the Deseadan land mam
mal age. 
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Principal Deseadan fossil localities in Argentina are reviewed by Patterson & 
Marshall (1978). These inclnde La Flecha3 , Cabeza Blanca (Loomis Locality), Pico 
Truncado, Great Barranca, Neuquen (Pascual, Bondesio, SciIlato Yatie, Vucetich & 
Gasparini, 1978), Rinconada de los L6pez (Scarritt Pocket), Paso de los Indios 
(Laguna de la Bombilla and El Pajarito, see Scillato Yane, 1977c), Laguna Payahile, 
probably Curuz(1 Cuatia, and Ingeniero Jacobacci (figs. I, 2). A new locality has 
recently been reported from the Agua de La Piedra Formation at Quebrada Fiera in 
the southwestern part of Mendoza Province (Gorrono, Pascual & Pombo, 1979) (fig. 
2). For other possible, but at present dubious, localities for Deseadan mammals see 
Chaffee (1952, p. 554-555). 

Mammalian guide fossils for Argentine Deseadan faunas include Notogale, Phar
sophorus, Proborhyaena, Pseudhalmarhiphus, Clypeothei-ium (see Scillato Yane, 
1977c), ?Chubutherillm, Octodontotherillm, Orophodon, Platypittamys, Deseadomys, 
Xylechimys, Cephalomys, Litodolltomys, Asteromys, Chublltomys, Protosteiromys, 
Protheosodoll, Deuterotherium, Eoproterotherium, Proadiantus, COlliopternium 
(= Notodiaphorus), Pternocollius (see Cifelli & Soria, 1983), Pleurocoelodon, Trime
rostephalllls, Asmodells, Ancylocoelus, Hellricojilholia, Leolltinia, Scarrittia, Mor
plzippus, Nesolzipplls, Rhynclzipplls, Archaeophyllls, Phallophilus, Plagiartlzrus, 
? Progaleoplzithecus, Traclzytherus, Archaeolzyrax, Prohegetotherium, Propachyru
cos, Prosotllerillm, and pyrotherium (table 7). 

COLHUEHUAPIAN (LATE OLlGOCENE) 

"The first unequivocal, well marked tectonic phase in the meseta region [of central 
Chubut Province] with local folding and extensive faulting, is post-Deseadan4." There 
are no localities where this phase" can surely be dated with respect to Colhuehuapian 
time, but it is [clearly] pre-Patagonian [early Miocene - see below]. This tectonic 
phase appears to mark the beginning of the definitive uplift and structural formation 
of the southern Andes, which has continued rhythmically and periodically ever since 
with occasional climaxes in the later Tertiary" [see below] (Simpson, 1940, p. 660-661). 
The diastrophic phase apparently occupied the greater part of the middle Oligocene 
and, according to differences between the Deseadan and Colhuehuapian mammals, 
appears to have been of lesser duration than the hiatus recorded between the Muster
san and Deseadan (Pascual & Odreman Rivas, 1971, 1973). 

Central Patagonia "was widely and deeply eroded after the more important tec
tonic movements and sank, relative to sea-level. Colhuehuapian deposits were formed 
locally in depressions on the sinking land and in places can be seen passing without 

3, Chaffee (1952, p. 554~555, fig. 9) shows a locality which he calls La Flecha (his loc, 11) south and easl of Pica 
Truncado, and north and west of Puerto Deseado, The true La Flecha locality is the same as his loc. 10 - 'Rio De
scado'. Chaffce's loc. 11 could represent the ecrro Alto locality of E. S. Riggs (unpublished field notes in Depart· 
ment of Geology. Field Museum of Natural History, Chicago), but this is not certain. 

4. It is important to note that in the Andean. as opposed to 'the Meseta Region, the most marked tectonic phase, 
with folding and extensive faulting occurred during the lale Eocene. This was one of the most important orogenic 
phases during the Cenozoic, and has been recognized as the lncaic Phase all along the Andean Cordillera. Along most 
of the Patagonian part of the Cordillera, as well as that of the southern part of Mendoza Province, the so-called Serle 
Alldesftica (which includes at least two different volcanic cycles) is associated with this diastrophic phase (see Gorro
no, Pascual & Pombo, 1979), 
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Table 7. Generic list of Deseadan mammals from Argentina 

Order Marsupi.lia 
Family Borhyaenidae 

Nalagale 
Pharsophorus 
Proborhyaena 

Family Caenolestidae 
Palaeothentes 
Parabderites 
Pseudhalmarhiphus 

Order Edent.t. 
Family Dasypodidae 

Meteutalus 
Sleno/alus 
Peltecoelus 
Pellephifus 

Family Glyptodontidae 
Clypeolherium 
Glyplalelus 
Palaeohoplophorinae gen. 
et sp. indet. 

Family Palaeopeltidae* 
Pa/aeope/tis 

?Family Mylodontidae (or 
Orophodontidae?) 

?CIJubutherium 
Ocladonto/he,iulIl 
Oraphodoll 

Family Megaionychidae 
ffHapalops" 

Order Rodentia 
Family Oclodontidae 

Plalypillamys 

Family Echimyidae 
Deseadomys 
Xylechiinys 

Family Chinchiliidae 
Scolamys 

Family Dasyproctidae 
Cephalomys 
Lilot!onlomys 

Family Eocardiidae 
Asteromys 
Chubulomys 

Family Erethizontidae 
Protosteiromys 

Order Condyi.rthr. 
or Litopterna idae 

Prot heosodon 

Order Litopterna 
Family Proterotheriidae 

De~tterother(um 

Eoprolerotherium 

Family Macrallcheniidae"'* 
Coniopternium 
(= Nolodiapho",s) 
Plenzoconius 

Family Adianthidae 
Proadian/us 

Order Notoungulata 
Family Isotemnidae 

Pleurocoelodon 
Trimerostephanus 

Family Homalodontheriidae 
Asmodeus 

*This family was founded on a parataxon. 
"See Cifelli & Soria 1983. 

Family Leontiniidae 
Alleylocoelus 
Hellr/cofilholia 
Leonlinia 
Scarrittia 

Family Notohippidae 
Argyrohippus 
Interhippus 
Morphippus 
Nesohippus 
RhYllchippus 

Family Toxodontidae 
Proadinotherium 

Family Interatheriidae 
Arehaeophylus 
Coehilius 
Phallophilus 
Plagiarthrus 
? Progaleopithecus 

Family Mesotheriidae 
Traclzytherus 

Family Archaeohyracida~ 
Archaeohyrax 

Family Hegetotheriidae 
Prohegetotherium 
Propachyrucos 
Prosotherium 

Order Astrapotheria 
Family Astrapotheriidae 

Parastrapotherium 

Order Pyrotheria 
Family Pyrotheriidae 

pyrotherium 

noteworthy unconformity into the overlying marine beds of the Patagonian group" 
(Simpson, 1940, p. 661). However, Simpson (1935c) earlier demonstrated the existence 
of an erosional unconformity or a parallel disconformity between Colhuehuapian 
beds (his level e, section 1) and 'Patagonian' beds in the barranca south of Gaiman 
along the Rio Chubut (also see Marshall & Pascual, 1977, p. 97·98). 

The mammals upon which the Colhuehuapian Age is recognized (table 8) were 
collected from strata along the lower course of the Rio Chubut just south of Trelew 
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Table 8. Generic list of Colhuehuapian mammals from Patagonia 

Order MarsuplaHa 
Family Didelphidae 

PachybiolheriulII 

Family Microbiotheriidae 
Microbia/herium 

Family Borhyaenidae 
Acrocyon 
Arclodictis 
Borhyaena 
Cladosictis 
Pseudolhy/acYllus 
Sipa/ocyolI 

Family Caenolestidae 
Abderiles 
Palaeo/hen/es 
Parabderiles 
Pichi pi/us 
Pitheculiles 

Order Primates 
Family Cebidae 

Do/ichocebus 
Tremacebus 

Order Edentata 
Family Dasypodidae 

Parapeltecoe/us 
Peltecoe/us 
Peltephi/us 
Praeu/alus 
Prozaedius 
Pseudoslegolherium 
Slegolheriopsis 
Slegolherium 
Slenolalus 

Family Glyptodontidae 
Propa/aehop/ophorus 

Family Megalonychidae 
Hapa/oides 
H%mega/onyx 
Proschismolherium 

Order Rodentia 
Family Octodontidae 

Acaremys 

Family Echimyidae 
Parade/pholllYs 
Prolacaremys 
Prolade/phomys 

·Taxonomy follows Soria (1981). 

Prospalliomys 

Family Neoepiblemidae 
Perimys 
?ScolalllYs 

Family Dasyproctidae 
Gen. el sp. inde/. 

Family Eocardiidae 
Luanlus 

Family Erethizontidae 
Eosleironiys 
Hypsosteiromys 
Steiromys 

Order LUopterna* 
Family Proterotheriidae 

Prolicaphrium 
Pro/hoa/herium 

Family Macraucheniidae 
Cramauchenia 
Theosodoll 

Family Adianthidae 
Proheplaconus 

Order Notoungulata 
Family Homalodotheriidae 

? Homa/odo/herium 

Family Leontiniidae 
Co/podoll 

Family Notohippidae 
Argyrohippus 
PerhippidiulII 
Sti/hippus 

Family Toxodontidae 
Froodino/heriulIl 

Family Interatheriidae 
Cochilius 
Paracocliilius 
ProlYPofherium 

Family Hegetotheriidae 
Rege/a/herium 
Pachyrukhos 

Order Astrapotherla 
Family Astrapotheriidae 

Astrapothericulus 
Aslrapotherium 
Paraslrapofherium 
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and at localities just north and south of Lago Colhue-Huapi, Chubut Province (fig. 
1). The latter, the Great Barranca, is the principal known locality for mammals of this 
age (Ameghino, 1902, p. 71-140; 1900-1902, p. 25-39; 1906, fig. 54; Simpson, 1932c). A 
Colhuehuapian fauna is also known in Chubut Province from- Sacanana (Rusconi, 
1933; Hershkovitz, 1974) (fig. 1), and a few rich new localities have been found near 
the western end of Canad6n Grande, especially near the pueblo of La Curandera, and 
between La Herreria and El Pajarito (Scillato Yane, 1977c, p. 250). 

The Colhuehuapian mammals (table 8), as reported and/or described by Ameghino 
(1902), Simpson (1935c, p. 9-12) and Bordas (1939), represent a stage of evolution 
earlier, but similar to those in post-'Patagonian' (or probably contemporaneous) beds 
(i.e. in the Aslrapotherlculeen, Nolohippldeell and Santacruzeetl of Ameghino, 1906; see 
Marshall & Pascual, 1977). The mammal faunas from the Trelewense (conventionally 
late Colhuehuapian) near Gaiman, Chubut Province, along the Rio Chubut (fig. 1), 
and the Notohippidense (early Santacrucian) at Karaiken near Lago Argentino, Santa 
Cruz Province (fig. 3) have yet to be adequately compared; the possibility exists that 
they may prove to be contemporaneous (in part) or nearly so (Marshall & Pascual, 
1977). For these reasons Pascual, Ortega Hinojosa, Gondar & Tonni (1965, p. 177) 
have questioned the validity for recognizing a Colhuehuapian Age distinct from that 
of the Santacrucian. 

Mammalian guide fossils for Colhuehuapian faunas include Pachybiotherium, 
Pseudothylacynus, Pitheculites, Dolichocebus, Tremacebus, Parapeitecoelus, Stego
theriopsis, Hapaloides, Proschismotherium, Holomegalonyx (see Scillato Yane, 
1977d), Paradelphomys, Protacaremys, Protadelphomys, Prospaniomys, Eosteiromys; 
Hypsosteiromys, Prolicaphrium, Prothoatherium, Cramauchenia, Proheptaconus, 
Colpodofl, Perhippidium, Stilhippus, Paracochilius, and Astrapothericulus. 

PATAGONIAN MARINE STAGE 

The marine deposits comprising the Palagollian Stage (sensu Simpson, 1940) [which 
includes the Formatioll Patagolliellne and the Blage superpatagoneell of the Formation 
Sanlacl'Uzienlle of Ameghino (1900-1902)]' once believed to be latest Oligocene or 
earliest Miocene in age, are now thought to i'epresent three or more distinct formations 
ranging in age from Eocene to early Miocene (W. Zinsmeister, personal communica
tion). Three formations (or more?) have been characterized by Camacho (1974) and 
assigned ages mainly on the basis of their molluscan faunas - the Monte Le6n For
mation (late Oligocene), the "Estratos coil MOl/ophoraster y Vel/ericor" [which in
cludes two or more unnamed formations] (late Eocene), and the San Juliilll Formation 
[early (and middle?) Eocene] (Zinsmeister, 1981). Bertels (1970, p. 495; 1975) studied 
the planktonic foraminifera from the former two and assigned them to the following 
European marine stages - Monte Le6n Formation (upper Rupelian and Chattian) 
and San Julian Formation (upper Priabonian and lower Rupelian), which respectively, 
represent middle to late Oligocene, and late Eocene to early Oligocene. No planktonic 
foraminifera have yet been collected from Camacho's"Estratos con Monophoraster 
y Vel/ericor". 
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The Monte Le6n Formation conformably underlies the Santa Cruz Formation 
along the Atlantic coast between Monte Le6n and the mouth of the Rio Gallegos 
(Camacho, 1974). To the north of this region, between Camarones and Trelew, es
pecially in the lower valley of the Rio Chubut, marine sediments occur with cetaceans 
and penguins similar to those of the Monte Le6n Formation and with which they 
correlate in time (Camacho, 1974). The latter represent the marine beds which overlie 
the Colhue-Huapi Formation. The Colhue-Huapi strata underlie "the base of the 
Patagonian, but with no marked hiatus so that it is possible that the earliest Patago
nian beds do in part overlap the latest Colhuehuapian in time, although this is not 
established as a fact" (Simpson, 1940, p. 663). 

It must be emphasized that there is no continuous section in which the Colhue
Huapi, Monte Le6n and Santa Cruz Formations occur together. The Colhue-Huapi 
beds occur below the Monte Le6n marine equivalent in the lower course of the Rio 
Chubut, while the Santa Cruz Formation overlies the Monte Le6n Formation only 
along the coastal region of southern Santa Cruz Province (Marshall & Pascual, 1977). 
Furthermore, "the Colhuehuapian and Santacrucian mammals are recognizably dif
ferent, but the average difference is so slight that they suggest closely successive stages 
of the same general fauna despite the [apparent) intercalation of the marine beds be
tween them" (Simpson, 194Q, p. 665). 

SANTACRUCIAN (EARLY MIOCENE) 

The Santa Cruz Formation is one of "the most widespread and most richly fos
siIiferous of all the non-marine Tertiary formations of Argentina, [and for that matter 
for all of South America). It appears at scattered localities throughout southern Pata
gonia from near the northern end of the Gulf of San Jorge to northern Tierra del . 
Fuego and from the Atlantic to the Andes [fig. 3). The best exposures and richest fos
sil beds are in Santa Cruz [Province) along the coast from Monte Le6n [the nominal 
type locality of the Santacrucian) to Puerto Gallegos and inland" along the valley of 
the Rios Chico, Shehuen (= ChaIia), Santa Cruz, Coyle, and Gall egos (Simpson, 1940, 
p. 664-665). Maps showing the distribution of the Santa Cruz beds are given by F. 
Ameghino (1906, fig. 57) and Feruglio (1938, fig. 6), and known fossil localities are 
reviewed by Marshall (1976, figs. 1-3). Localities yielding Santacrucian mammals in 
the region of the Golfo de San Jorge, are reviewed by Feruglio (1949, p. 182-183), 
although we strongly feel that these faunas are from the uppermost part of the Tobas 
de Sarm/ellto and are thus of Colhuehuapian Age. 

The Santa Cruz Formation "was widely spread over an emergent lowland. It 
contains enormous quantities of volcanic ash, ... much gravel and other detrital ma
terial derived from the rising Andes to the west" (Simpson, 1940, p. 665). The earlier 
Santa Cruz Formation is over 800 meters thick in the west and thins to about 200 
meters along the Atlantic coast in the southern part of Santa Cruz Province (Russo & 
F1ores, 1972, p. 723). 

Charles Darwin was the first scientist to observe the terrestrial deposits of what is 
now recognized as the Santa Cruz Formation in the valley of the Rio Santa Cruz (see 
Darwin, 1846). F. Ameghino (1889) first applied the name Formacl611 Salltacruceiia to 
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a sedimentary sequence consisting of two parts. The lower mat'fne beds or Piso SI/b
patag611ico was later considered equivalent to the superpatagolliellse of the Formaci611 
Patagolliana but is now regarded as the Monte Le6n Formation. The upper terrestrial 
beds or Piso Salltac/'I/cellce has come to represent that is here called the Santa Cruz 
Formation (Russo & Flores, 1972, p. 723). 
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Fig. 3. - Map of southern South America showing principal mammal-bearing localities of 
early Miocene (Santacrucian) age. 
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Table 9. Generic list of Santacrucian mammals from Argentina 

Order MarsupiaJia 
Family Microbiotheriidae 

Microbiotheriul1l 

Family Borhyaenidae 
Acrocyol1 
Arctodictis 
Borhyaeno 
Cladosictis 
Lycopsis 
Perafhereules 
ProlhylacYl/us 
Sipalocyol/ 

Family CaenoJeslidae 
Abderiles 
Pa/aeothel1les 
Parabderites 
Phonocdromlls 
Pichi pilus 
Stilolheriul11 

Marsupialia? 
Family Necrolestidae 

Necrolesles 

Order Primafes 
Family Cebidae 

flomunculus 

Order Edenl.f. 
Family Dasypodidae 

A nanliosodon 
Paraeulalus 
Pellecoelus 
Pellepililus 
Proeutatus 
Prozaedius 
Stegotherium 
Slena/alus 
Velelia 

Family Glyplodonlidae 
Asleroslemma 
eochlops 
Eucillepe/tus 
Metopoloxus 
Propalaehoplophorus 

Family Megalonychidae 
Allolcimorphus 
Eucll%eops 
Hapalops 
Hyperlepllls 
MegalonychotheriulI1 
Pelecyodon 
Pseudhapalops 
Schismolherium 
Xyophorlls 

Family Megatheriidae 
Plal/ops 
Prepollleriutn 

Family Mylodonlidae 
Atlald/herium 
Nemo/herium 

Family Enfelopidae 
Enlelops 

Family Myrmecophagidae 
ProtamanduQ 

Order Rodenlla 
Family Octodontidae 

Acaremys 
Sciamys 

Family Echimyidae 
Adelphomys 
Stichomys 
Spalliomys 

Family Chinchillidae 
PUo/agos/omus 
Prolagosfol11l1s 

Family Neocpiblemidae 
Perimys 
Scolaeumys 

Family Dasyprocfidae 
Neoreomys 
O/ellopsis 
Scleromys 

Family Eocardiidae 
Eocardia 
Luan/us 
Phallomys 
Sch{slomys 

Family Erethizontidae 
Sleiromys 

Order LHopterna 
Family Proterotheriidae 

Diadiaphorus 
Licaphriulll 
Licaphrops 
Prolero/heriulIl 
Thoallzerium 

Family Macraucheniidae 
Tlzeosodon 

Family Adianthidae 
Adialllhus 

Order Notoungulata 
Family Homalodolheriidae 

Homalodollzeriulll 

Family Notohippidae 
NOlohippus 

Family Toxodontidae 
Adinotherium 
Hyperoxolodol1 
NesodoJl 

Family Interatheriidae 
Epipatriarchus 
lllteralherium 
ProtypotheriUJl1 

Family Hegetotheriidae 
Hegetotherium 
Pachyruklzos 

Order Asfrapofherla 
Family Astrapotheriidae 

AstrapotheriulU 
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"Local facies [of the Santa Cruz Formation] are sometimes distinguishable but no 
real faunal sequence has been demonstrated. The fauna evidently ·was remarkably 
uniform. although doubtless evolutionary advance will be more clearly demonstrable 
by the application of more refined field and laboratory methods. The only probable 
distinction yet made between Santa Cruz faunules. as noted by Scott (1932). is that 
certain beds at a high elevation in the foothills near Lake Pueyrred6n yielded a fauna 
with several distinctive species. possibly later than the typical [coastal] Santa Cruz" 
(Simpson. 1940. p. 665). This distinction has led to the suggestion that Santa Cruz and 
Co1l6n Cur a faunas may. in part. overlap in time (see Bondesio. Rabassa. Pascual. 
Vucetich & Scillato Yam). 1978). Furthermore. the small and fragmentary faunas from 
Pinturas. on the eastern edge of the Meseta del Lago Buenos Aires [the eOlleiles tl Astra
pothel'ieulus or etage Astrapotilerieulcien of F. Ameghino (1900-1902. p. 73-75; 1906. p. 
226. fig. 54) (=Pinturel/se of Castellanos. 1937)] and from Karaiken (fig. 3) on the 
eastern edge of Lago Argentino [the etage Notohippideel/ of F. Ameghino (1900-1902. 
p. 179-180. 220-224; 1906. p. 228. fig. 57)] are now regarded as representing early Santa
crucian local faunas (Wood & Patterson. 1959. p. 366-367; Marshall. 1976. p. 1140; 
Marshall & Pascual. 1977. p. 97). The Karaikense of L. Kraglievich (1930c. p. 160) was 
proposed to include the Notoilippidense and Astl'apotherieulel/se of F. Ameghino. 

Mammalian guide fossils for Argentine Santacrucian faunas include Perathereutes. 
ProthylacYl/us. Phonocdromus. Stilotherium, Necrolestes, Homunculus, Paraeutatus, 
Asterostemma, eochlops, Metopotoxus, Analcimorphus, Hyperleptus, Megalonycho
therium, Pelecyodon, Schismotherium. Planops, Analcitherium, Nematherium, Ellte
lops, Protamandua, Sciamys, Adelphomys. Spaniomys, Scotaeumys, Phanomys, 
Schistomys, Licaphrium, Proterotilerium, Notohippus. and IlIteratherium (table 9); 

FRIASIAN (MIDDLE MJOCENE) 

Only a few small local mammal faunas are known in the time interval between 
Santacrucian and Chasicoan. Included herein are the mammals discussed by Roth 
(1908. 1920. 1925). Ameghino (1904. 1906). Rovereto (1914). and L. Kraglievich (1930c) 
"obtained from scattered localities along and east of the Andine front in central Pata
gonia .... particularly on the rivers Frias. Fenix. Senguerr. Guenguel. Huemules. and 
Mayo. and near the lakes Blanca and Buenos Aires" (Simpson. 1940. p. 666; also see 
Bondesio et al .• 1980b) (fig. 2). "Virtually no stratigraphic data have been published. 
or [were there any] apparently preserved with the collections. and the little that is 
known includes the statement (Roth. 1920. 1925) that the fossils from the most import
ant locality. Rio Frias. were found at several different levels and are not all of the 
same age" (Simpson. 1940. p. 666; also see Hoffstetter. Fuenzalida & Cecioni. 1957. 
p. 133; Bondesio et al .• 1980b). The type Friasian fauna is from the Alto Rio Frias 
(= Rio Cisnes). Chile (Hoffstetter. Fuenzalida & Cecioni. 1957. p. 133; for location see 
Feruglio. 1950. fig. 266). 

Three local faunas have been described from the Friasian - the Rio Co1l6n Cur!!. 
the Rio Frias. and the Rio Mayo. "Roth (1898. 1908. 1920). who found the beds and 
fauna. and Ameghino (1906) agreed that they were of Santacrucian Age. Later stu
dents. Groeber (1929). L. Kraglievich (1930c) believed them to be somewhat younger" 



32 

Table 10. Generic list of Friasian mammals from Argentina and Chile 

Order Marsupiali~ 
Family DorhyaeHidae 

Borhyaena? 

Family Caenolestidae 
Abderiles? 

Order Edenlal. 
Family Dasypodidae 

Epipeilephillls 
Proeutallls 
Prozaedyus 
Slena/allls 
Vetelia 

Family Olyplodonlidae 
Eucillepe/fus 
? Palaehoplophorus 
Propaiaehopiophorus 

Family MegaloHychidae 
Euch%eops 
Die/lipsodo/l 
Hapaiops? 
Pseudhapalops 

Family Megatheriidae 
Eomegafheriul1l 
Megalhericulus 
Promegatheriutn 
? Prepotherium 

Family Mylodonlidae 
Glossotheriopsis 
Neonematherium 

Order Roden(ia 
Family Gctodontidae 

Massoiamys 

Family Echimyidae 
?SIichomys 

Family Chinchillidae 
Prolagoslomus 

Family Dinomyidae 
Eusigmomys 
Simplimus 

Family Eocardiidae 
Eocardia 
Megasllls 

Family Caviidae 
?Cardiomys 

Family Dasyproctidae 
A 1I0iolllYs 
Neoreomys 

Family Erelhizontidae 
Dlsleiromys 

Order Litopterna 
Family Proterotheriidae 

Diadiaphorus 

Family Macraucheniidae 
Phdenixauclzenia 
Theosodon 

Order Noloungul.t. 
Family Homalodotheriidae 

Homalodolherillm 

Family Toxodontidae 
Adillollieriul1l 
? Hyperoxolodon 
Nesodoll 
Nesodollopsis 
Paiyeidodoll 
Prololrigodoll 
SIereoloxodon 

Family Interatheriidae 
CaellopliilllS 
Epipalriarchus 
inleralherilll1l 
Prolypollierillm 

Family Mesotheriidae 
EutYPolheriutll 
Typolhericulus 

Family Hegelolheriidae 
Hegelolherillm 
Pachyrukhos 

Order Asfrapotherin 
Family Astrapotheriidae 

Aslrapoliterium 
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(Simpson, 1940, p. 666). A separate name. was assigned to each (e.g. Colloncurense, 
Friasense and Mayoense), although this arrangement has not been followed by sub
sequent workers (e.g. Simpson, 1940; Pascual & Odreman Rivas, 1973). These local 
faunas are currently regarded as Friasian in age with the Co1l6n Cmit local fauna 
representing the earlier part of that age, and the Rio Mayo local fauna the later (Pas
cual & Odreman Rivas, 1973; Bondesio et al., 1980b). It is unfortunate that the Friasian 
is so poorly defined, because the best known northern fauna, the La Venta of Colom
bia (fig. 6), appears to correlate with some part of it (Stirton, 1953; Patterson & Pas
cual, 1972; Hoffstetter & Rage, 1977). 

It now appears probable that the Colhuehuapian (including Trelewense), Santacru
cian (including Karaikense, Pintul'ense, Notohlppidellse, and Astrapotherleulense) and 
Friasan (including Col/olleurense and Mayoellse) are based upon a successive and rela
tively continuous evolutionary sequence without such hiatuses as those recognized 
between the early Tertiary land mammal ages (Marshall & Pascual, 1977; Pascual & 
Odreman Rivas, 1973). 

Mammalian guide fossils for Friasian faunas in Argentina and Chile include Olos
sotheriopsis, Epipeltephilus, Megathericulus, Diellipsodon, Neonematherium, Eusig
momys, Simplimus, Massoiamys, Alloiomys, Megastus, Disteiromys, Piloellixaucile
nia, Palyeidodoll, Nesodollopsis, Prototrigodoll, Stereotoxodoll, Caellopililus, Euty
potherium, and Typothericulus (table 10). 

CHASICOAN (LATE MIOCENE) 

A Chasicoan Age was first recognized by L. Kraglievich (193Oc) [his Chasieoense 
(sic)) and was based on the fauna from the Arroyo Chasic6 Formation, Department of 
Villarino, southwest corner of Buenos Aires Province (fig. 2) (Pascual, 1965b, p. 104, 
fig. 1). These sediments are composed primarily of yellowish silty clays, fine sands, 
and calcareous concretions (i.e., tosea; Pascual, 1965b, p. 102-104) which represent the 
oldest sediments known as loess y lilllOS in the pampean region. Studies of the geology 
and fauna have been made by Pascual (1961, 1965b, 1967), Pascual et al. (1966, p. 13-
14), Cabrera & L. Kraglievich (1931), L. Kraglievich (1934), Fidalgo, Laza, Porro & 
Tonni (1979), Bondesio, Laza, Scillato Yane, Tonni & Vucetich (1980a), and Scillato 
Yane (1977a, b, d, 1978). 

Fidalgo et al. (1979) and Bondesio et al. (1980a) recognize two members of the 
Arroyo Chasic6 Formation. Most of the fossil' vertebrates considered as typical Cha
sicoan taxa have been collected from the lower Vivero Member. Nevertheless, various 
taxa cited as characteristic of the Chasicoan almost certainly have come from the 
upper Las Barrancas Member. These workers have demonstrated that the Las Barran
cas Member does not include pan-salllacrtlciall taxa, and may very probably be refer
able to the Huayquerian land mammal age (see below). 

The following list of mammal guide fossils for each member of the Arroyo Chasic6 
Formation was compiled by Dr. Tonni (personal communication); Vivero Member -
Pseudolyeopsis eabrerai, Plesiomegatherium ilalmyronomum, Oclomylodon roberto
seagliai, Chasleomys oclodonlijormis, Chasiehimys bonaerensis, Cullillia levis, Chasi
cOlherium rolhi, Paratrigodon eugui, Prolypotherillm distinelum, and Prolypolhe-
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Table 11. Generic list of Chasicoan mammals from Argentina 

Order Marsuplalia 
Family Borhyaenidae 

Cltasicosly/us 
Pseudo/yeopsis 

Family CaenoIestidae 
P/io/esles 

Order Edentata 
Family Dasypodidae 

Chasicolalus 
Krag/ieviehia 
Peltephilinae indel. 
Proeuphractus 
Velelia 

Family Olyptodontidae 
Palaehoplophorini 
? Pa/aehop/ophorus 
Plohophorini indet. 
Scierocaiyptini illdet. 

Family Megatheriidae 
Plesiomegalherium 

Family Megalonychidae 
Pr%mega/onyx 
Xyophorus 

Family Mylodontidae 
Octomylodotl 

Order Rodentia 
Family Octodontidae 

Chasicomys 

Family Echimyidae 
Cercomys 
Cltasichimys 
Palfersomys 

Family Chinchillidae 
Lagoslolllopsis 

Family Dinomyidae 
Carlesia 

Diaphoromys 
Gyriabrus 
POlamarchus 
Telrasty/us 

Family Caviidae 
Alloeavia 
Cardiomys 
OrtilOmyctera 
Procardiomys 

Family Hydroehoeridae 
?Cardiatherium 
Procardialherium 

Order Litopterna 
Family Proterotheriidae 

Gell. et sp. indel. 

Family Macraucheniidae 
Cullinia 
Theosodoll 

Order Notoungulntn 
Family Homalodotheriidae 

Chasicolherium 

Family Toxodontidae 
Hemixotodoll 
Oenero/herium 
Paralrigodoll 
Pisallodoll 

Family Interatheriidac 
Prolypotherium 

Family Mcsotheriidae 
Typolheriopsis 

Family Hegetotheriidae 
Hemihegelolherium 
Paedolherium 
Pseudohegetotherium 

rium minutum; Las Barrancas Member - Chasicotatusameghinoi, Pisanodon nazari, 
Procardiatherium sp., and Pseudohegetotherium torresi (table 11). 

It is very probable that other genera (e.g. Pattersomys, AlIocavia, Hemixotodofl, 
Ocnerotherium) will eventually prove to be guide fossils for the Vivero Member, al
though the types of these taxas were collected without stratigraphic record of occur
rence. Referable mammal-bearing beds of Chasicoan Age in Argentina include the 
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Arroyo Chasic6 Formation, Los Llanos Formation (partim), Buenos Aires Province; 
Chiquimil Formation (partim) at Puerta de Con'al Quemado and in the Valle del 
Santa Maria, Catamarca Province; Agua de 10s.Berros Formation (partim), Huachi
pampa Formation (partim), San Juan Province (Pascual, 1965b, p. 105-106; Pascual et 
al., 1966, p. 14); and Las Mulitas Formation, San Luis Province (Pascual, 1954; Flores, 
1979). 

HUAYQUERIAN (LATE MIOCENE) 

Simpson (1940), using L. Kraglievich's (1934) term HlIayqllel'iaellse, proposed Huay
querian as a time and time-rock (age and stage) designation, deriving the name from 
the Huayquer[as region in the Department of San Carlos, Mendoza Province (fig. 2). 
Fossil vertebrates were first collected from this region by de Caries (1911) and later 
studied by Rovereto (1914). The name Huayquerian was applied to beds and faunas 
formerly included within the Arallcallellse of Doering (1882). "Doering (1882) only 
applied the name Al'allCallO [to strata in the Famatina region, La Rioja Province, west
ern Argentina) on the primary basis of Tertiary beds in southern Argentina, primarily 
in Rio Negro, Patagonia, but with extension to rocks of supposedly similar age else
where in Argentina. In times when lithostratigraphic, chronostratigraphic, and geo
chronologic classifications were not distinguished, Doering's Arallcano was applied 
also to rocks and faunas including those in Catamarca [see Marshal! & Patterson, 
1981), believed to be synchronous" (Simpson, 1974, p. 4). However, Doering's original 
Araucallo is derived from the name of an Indian tribe from southern Argentina and 
Chile (i. e., arallcanos or maplIc/les from the Arauco region of Chile) and is thus not 
acceptable as a time or rock unit name in current geological nomenclature (Si mp
son, 1974, p. 4). Huayquerian (= Araucanian) faunas were reviewed by Rovereto 
(1914). 

The geology in the region studied by de Carles (1911) has been investigated by 
Groeber (1929) and by Frenguelli (1930b), and mapped by Groeber (1939). An erosional 
unconformity has been reported by Dessanti (1946) between this, and the overlying 
Tunuyim Formation, regarded as Montehermosan in age (Pascual & Odreman Rivas, 
1973, p. 312). 

Mammalian guide fossils for Huayquerian Age faunas in Argentina include Bor
hyaenidium, Elassotherium, Paleuphractus, Hoplopilractus, Aspidocalyptus, Cos
cinocercus, Neosteiromys, Epecuenia, and Macrauchenidia (table 12). 

Referable mammal-bearing beds in Argentina (fig. 2) include the Huayquerias 
Formation, Mendoza Province; Rio Jachal and Mogna Formations, San Jnan Prov
ince (Pascual et al., 1966, p. 16); Epecuen Formation from Lago Epecuen and vicin
ity and the Arroyo Guamini, ,Buenos Aires Province; cliffs of Salinas Grandes de 
Hidalgo, La Pampa Province (see Pascual & Bocchino, 1963, p. 100; Zetti, 1967, 1972); 
Arallcanense (sensu stricto = Andalhualil Formation in the Valle del Rio Santa Maria), 
Catamarca Province (Riggs & Patterson, 1939; Marshall & Patterson, 1981); India 
Muerta Formation, Tucumiln Province (Bossi, 1969, p. 50); Mesopo/amiellSe (pm·tim) 
north of Paranil, Entre Rios Province (Reig, 1957, p. 224; Bianchini & Bianchini, 1971, 
p. 3; Pascual & Odreman Rivas, 1973); El Palo Formation on border of Rio Negro and 
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Table 12. Generic list of Huayquerian mammals from Argentina 

Order Marsupialla Stromaphorus ?Caviodofl 
Family Didelphidae ? Uro/herium Orlltomyclera 

Hyperdide/phis Family Megalonychidae Palaeocavia 
Lu/reoUlla Prona/llro/herium Family Hydrocitoeridae 
Thy/al heridiul1l 

Family Megatiteriidae ?Cardialherium 
Family Sparassocynidae Plesiomegalllerium KiYNtherium 

Gen. et sp. illdel. Pyramiodontherium 'lProcardialherium 

Family Borityaenidae Family Mylodontidae Family Erethizontidae 
Borhyaenidium Elassot/zerium Neosteiromys 
No/jelis Sphellotherlls Order Carnivora 
SlylocYllus 

Family Myrmecophagidae Family Procyonidae 
Family Thylacosmilidae Neotamandua Cyollosua 

?Acltlysictis Palaeomyrmidon 
Thy/acosmilus Order Lltoptern. 

Family Argyrolagidae Order Rodentia Family Proterotheriidae 

Microfragulus Family Octodontidae Braclzyllzerium 
? Neopltanomys ? DiadiapllOrous 

Order Edentata Ph/aramys Eoauchellia 
Family Dasypodidae Pseudoplaleomys Epecuenia 

Chorobales Family Abrocomidae Family Macraucheniidae 
Doel/o/alus Prolabrocoma Macrauchenidia 
Kraglievichia 

Family Eehimyidae Promacrauchenia 
Paleuphraclus 
Paraeuphrac/us Carlerodon Order Notoungulata 
Vassallia Proechimys Family Toxodontidae 

Family Glyptodontidae 
Trichomys Pisanodon 

Aspidoca/yplus Family Chinchillidae Xolodoll 

Coscinocercus Lagoslomopsis Family Mesotheriidae 
Cranil!llaslus Family Dinomyidae Pseudolypollterium 
? Eleu/herocercus Diap!loromys ?Typolheriopsis 
Eose/eroe/yplus ? POlamarchus Family Hegetotheriidae 
Eose/eroca/yplus Telicomys Hemihegelolherium 
G/yplodolllidium Telrasty/opsis Paedolherium 
Hoplophraclus Telrasly/us Rau/rillgue/elia 
Peirolloa Family Caviidae Tremacyllus 
Ph/yclaenopyga Cardiomys 

Neuquen Provinces, northwestern Patagonia (Uliana, 1978, p. 72; Pascual et al., 1978, 
p. 183); Rlonegrellse (partim), Rio Negro Province (SciIlato Yane, Uliana & Pascual, 
1976; Pascual, Pisano & Ortega, 1965); the Cantera Santa /sabel, San Luis Province 
(sensu Pascual & Bondesio, 1981, based on reinterpretation of Bordas, 1934); Broche
rense (= Claveroense), Cordoba Province (CasteHanos, 1942, 1944); and Piquete For
mation (Jujuy Subgroup), Jujuy Province (Arias, Alonso & Malanca, 1978). 
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MONTEHERMOSAN (EARLY AND MIDDLE PLIOCENE) 

The Monte Hermoso Formation 5, type of the Montehermosan land mammal age, 
is exposed along cliffs of the Atlantic coast of Buenos Aires Province, between Monte 
Hermoso and Punta Alta (fig. 2). This classic locality was visited by Charles Darwin 
during his voyage on the H.M.S. Beagle. The fauna was described and/or discussed 
by Ameghino (1887a, b, c, 1888a, 1889, 1904, 1907, 1908, 1910, among others), Rovereto 
(1914), and L. Kraglievich (1934). Many more specific papers on the fauna have been 
published by later authors, among which include Bordas (1935b), Parodi & Kraglievich 
(1948), Pascual & Bondesio (1961), Patterson & J. L. Kraglievich (1960), Reig (1950, 
1978), Reig & Simpson (1972), and Tonni (1974). The geology has been described by 
Bravard (1857), Willis (1912), Kantor (1922), Vignati (1925), Frenguelli (1928), J.L. Kra
glievich (1946), Leanza (1949), Bonaparte (1960), and Fidalgo, de Francesco & Pascual 
(1975). 

At Monte Hermoso, Bonaparte (1960) recognized five different lithostratigraphic 
units, separated by erosional unconformities, and retained the name Piso Hermosense 
or Hermosense tipico only for the lower one which was composed of six silty beds 
(bancos). Miembro de Limolitas Claras of Bonaparte was called Chapadmalense by Vigna
ti (1925). Bonaparte's Miembro de Limolitas Estratijicadas and Miembro de Limolitas Cla
ros could be, as has been postulated by many authors, intermediate in time between 
the typical Montehermosan and Chapadmalalan Ages. Some mammals coming from 
those levels (e.g. Chapalmatherium, Actenomys, [somyopotamus) favor such a cor
relation (see Parodi & Kraglievich, 1948; Reig, 1950). 

L. Kraglievich (1934) tentatively recognized a Horizonte lrel/ense, based on a fauna 
from the banks of the Rio Quequen Salado, between the Atlantic coast and the pueblo 
of Irene, Buenos Aires Province (fig. 2). Reig (1955) distinguished this unit' as the Irene 
Formation. Simpson (1940, p. 670), Pascual et al. (1966), and Pascual & Herrera (1973, 
p. 38), as most Argentine vertebrate paleontologists, have regarded the Irene Forma
tion as of Montehermosan Age, and probably intermediate in time between the 
Hermosense tipico and the Chapadmalalan (s.s.) (see Fidalgo et al., 1975, p. 125-126). 

Mammalian guide fossils for Montehermosan Age faunas include Notocynus, 
Parahyaenodon, Nopachtus, Neocavia, Anchimysops, Neoanchimys, Xenodontomys, 
Diplasiotherium, Alitoxodon, and Tl'igodon (table 13). 

Referable mammal-bearing strata in Argentina (fig. 2) include the Monte Hermoso 
Formation, lrenense (L. Kraglievich, 1934) or Irene Formation (Reig, 1955), probably 
Saldungaray and La Toma formaiions, Buenos Aires Province (Furque, 1967); Corral 
Quemado Formation, Catamarca Province (Riggs & Patterson, 1939; Marshall & Pat-

5. A Monte Hermoso Formation has not yet been defined in accordance with the present Code of Stratigraphic 
Nomenclature. Nevertheless, most current Argentine geologists and paieontoiogisls recognize it as a valid lithostrati
graphic unit. For sake of convenience we also do so here. As the type locality is Monte Hermoso (nee Hermoso), the 
name of the derived age should be Montehermosan, in Spanish Edad MontehermosetJse (Pascual et al., 1965) IIee 
Edad MotJtellermosiano as was used by J. L. KragUevich (see 1952, plate between p. 30-31; J. L. Kraglievich & 01a
zabal, 1959, plate on p. 45). Because of these reasons J. L. Kraglievich used Formacitm MotJte Hermoso instead of the 
prior though complex name Hermdslco (Ameghino, 1889), Hernlos/en (Ameghino, 1906), or Hermosense (L. Kra
glievich, 193Oc). 
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Table 13. Generic list of Montehermosan mammals from Argentina 

Order Marsupialia P/ohopilorus Family Caviidae 
Family Didelphidae ? Trochyca/yplus Cardiomys 

Chironecles Urotherium 1Caviodoll 
Hyperdide/phis Family Megalonychidac Neocavia 
Lutreatina Prollolhrolherium Orthomycfera 
Marmosa 

Family Megatheriidae 
Palaeocavla 

Pili/allder Family Hydrochoeridac 
Thy/olher/dll/m ? Ples/omega/herlum 

Anchimysops 
Zygo/esles Family Mylodontidae Chapalmalheriu/U 

Family Sparassocynidae Proscelldodon NeoQllchimys 
Sparassocynus Family Myrmecophagidac Prolohydrochoerus 

Family Borhyacnidac 
Myrmecophaga 

Order CarniVOI'A 
Borhyaellidiulll Order Rodentia Family Procyonidae 
NOlocYllus Family Cricetidae Chapalmalania 
Parahyaenodoll Auliscomys Cyollosua 

Family ThylacosmiJidae B%my:; 
Order Lltopterua Achlysictis Family Oclodontidac 

Thylacosmilus Aclellomys 
Family Proterotheriidae 

Bl'achyllzeriulJ1 
Family Argyrolagidae Ellcoelophorus Dip/asio/herium 

Argyro/aglls Ph/aramys Eoauchenia 
Microtragulus Pithanotomys 

Pseudoplataeomys Family Macraucheniidae 
Order Edentata Xellodontomys Promacrauchellia 

Family Dasypodidae 
Family Abrocomidae Order NOloungulata ?Cllaetophractus 

Cilorobales Protabrocoma Family Toxodontidae 

Doellotatus Family Echimyidae Alitoxodon 

Kraglievichia Eumysops ? Palaeotoxodon 

Macroellphractus Trichomys 1l'igodoll 

Plail1a Family Myocastoridae 
Xotodoll 

Ringueletia /somyopotamlls Family Mesotheriidae 
? To/ypellles Family Dinomyidae 

Pseudotypotherillm 

Family Glyptodontidae Telicomys Family Hegetotheriidae 
Eleutherocerclls Family Chinchillidae 

Paedotherilll1l 
Nopachtus rremacyllus 
Palaeodaedicurus 

Lagostolllopsis 

terson, 1981); Tunuy{ui Formation, Mendoza Province (de Caries, 1911; Dessanti, 
1946 6; J.L. Kraglievich & Olazttbal, 1959; Rovereto, 1914, p. 214-224; L. Kraglievich, 
.1934, p. 117); Rionegl'ense (partim) or Rio Negro Formation from its type locality 
(Pascual, Pisano & Ortega, 1965, p. 21-25; Andreis, 1965) alldMesopotamiense (partim) 
along the east bank of lower Rio Parana near the city of Parana, Entre Rios Province 
(Bianchini & Bianchini, 1971, p. 3; Pascual & Odreman Rivas, 1971, p. 404; Bondesio, 
1975; Scillato Yane, 1975). 

6. According to Dessanti (I946) there exists an erosional disconformilY between the Ttlnuyan Formation and the 
underlying Las Huayqucrlas Formation in Mendoza Province. This hiatus may be temporarily. equivalent to that 
reported by Stahlecker in Riggs PaUerson (1939) between the A,aucallense and Corral Quemado beds in Catamarca 
Province. 
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CHAPADMALALAN (LATE PLlOCENE) 

The "Chapa[ma[ense" was first recognized by F. Ameghino (1908, p. 367). Good 
exposures of the Chapadmalal Formation, type of the Chapadmalalan land mammal 
age, occur along the Atlantic coast between Mar del Plata and Miramar, Buenos Aires 
Province (fig. 2). The fauna (table 14) was discussed and described by L. Kraglievich 
(1934), Reig (1958a, b), Simpson (1972), Rovereto (1914), Risso Dominguez (1949), and 
Pascual et al. (1966); the geology is described by Frenguelli (1928), and J. L. Kraglie
vich (1952). The latter distinguished 15 beds (bancos) or levels (niveles), numbered 
from oldest to youngest I-XV. 

For many years it was customary to recognize a Chapadmalalan Age district from 
that of the Montehermosan, the latter being defined largely on the fauna from Monte 
Hermoso. Strata with diagnostic Montehermosan and Chapadmalalan "mammals are 
not well known in a continuous section, but the faunas demonstrate beyond any doubt 
that the Monte Hermoso beds are older than those of Chapadmalal" (Simpson, 1940, 
p. 670). Recently, Pascual et al. (1966), and Pascual & Odreman Rivas (1971, 1973) 
restudied the faunas of the Chapadmalal and Monte Hermoso formations. They found 
them to differ less than had usually been believed (e.g. L. Kraglievich, 1934) and pro
posed that the Chapadmalal fauna and formation be included within the Monteher
mosan Age. Simpson (1972, p. 4) recommended retention of the designation Chapad
malalan, "not in confirmed opposition to Pascual ... [and his fellow workers] ... but 
simply because no one has yet re-analyzed and replaced the meticulous but outdated 
work of L. Kraglievich (1934) on which the supposed distinction mainly rests". 

We tentatively recognize a distinct Chapadmalalan Age, as to do so permits a more 
precise understanding of late Tertiary faunal changes. This age is here distinguished 
by the first known record in South America of new mammalian families 7 of North 
America origin (Mustelidae, Tayassuidae: see below). It is further defined by the 
autochthonous guide fossils Thylophorops, Scelidotheridium, Glossotheridium, Plo
hophoroides, Paraglyptodon, and Dolicavia (table 14). 

Referable mammal-bearing strata in Argentina (fig. 2) include the Chapadmalal 
Formation (Pascual et al., 1966, p. 19) and possibly Bonaparte's (1960) Miembl'o de 
Limolitas Claras at Monte Hermoso. 

7. Note that the cited genera belong to North American families. but the genera arc properly South American. 
It is also important to note that Rusconi (1933) attributed the name Pa/aeo/ama weddeli parodii to an astragalus of a 
camclid from the Chapadmaletlse (sic) and recorded this same subspecies from the PlIelc"ellse de Villa Bel/aster. 
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Table 14. Generic list of Chapadmalalan mammals from Argentina 

Order MarsllpiaUo Family Megalollychidae Dolicavia 
Family Didelphidae Dlheleroclllls Orlhomyelera 

Hyperdide/phis Family MylodoJltidae Palaeocavia 
Lutreolll1o G/ossofheridium ? PasclIalia 
Marmosa Scelidotheridium ? Propedio/aglls 
Thylallzeridium Family Hydrochoeridae 
Thy/op"oro!'s Order Rodentia Chapalmatizerium 

Family Sparassocynidae Family Cricetidae Protolzydroclzoerus 
Akodoll SparassocYllus 
DOllkomys Order Carnivora 

Family Thylacosmilidae Graomys Family Procyonidae 
Hyaellodollops Reithrodol1 Chapalmalallia 
Nolosmilus 

Family Octodontidae Cyollasua 
Family Argyrolagidae Aclenomys Family Mustelidae 

Argyro/aglls Eucoelophorus COl/epa/us 
Microfragulus ?Megactellomys 

Pithallotomys Order LHopferna 
Order Edent.ta Family Proterotheriidae 

Family Dasypodidae Pseudoplafaeomys 
Bracllylherium 

Chaetophracllls Family Abrocomidae 
Family Macraucheniidae Choroba/es Protabrocoma 

Promacrauchellia Doel/olalus Family Echimyidae 
Kraglievichia Eumysops Order Notoungulata 
Macroeuphraclus Trichomys Family Toxodontidae 
Plaina 

Family Myocastoridae Toxodoll 
? Propraopus 

Isomyopolamus X%doll 
Rillguelelia 

Family Mesotheriidae ? To/ypellles Family Chinchillidae 
PseudolYPolherium 

Zaedyus Lagoslomopsis 

Family Glyptodontidae Family Dinomyidae Family Hegetotheriidae 
Paedolherium Palaeodaedicurus? Telicomys 
Tremacyl/us 

Parag/yplodoll Family Caviidae 
Plohophoroides Cardiomys Order Artiodactyla 
Tracl1ycalypllls Caviot/ofl Family Tayassuidae 
Urolherium Caviops ArgyrohYlls 
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BOLIVIA 

A brief review of Bolivian Cenozoic vertebrate faunas and localities is given by 
Ortega (1970). Since the publication of that paper a large number of new localities and 
faunas have been discovered, and some described by R. Hoffstetter, C. Martinez, J. 
Mufioz-Reyes, J. Ponce, P. Tomasi, and C. Villarroel (fig. 4). 

Ortega (unpublished report in GBOBOL, La Paz, 1968) recorded remains of mam
mals, including a fragment of a jaw of Notopithecus, from the areniscas roJas del Ami
cUnal de San Andres to the west of San Andres de Machaca, probably from the upper 
part of the Puca Group of Russo & Rodrigo (1965). This group is equivalent, at least 
in part, to the Salt a Group of Argentina. If the determination of this fossil is correct 
this is the first evidence of an Eocene mammal fauna in Bolivia. This report is reason
able as a radioisotope date of38 Ma (millions of years ago) has been reported from the 
upper part of the areniscas de San Andres (Evernden, Kriz & Cherroni, 1966). Unfortu
nately, this fossil was not described or figured, and it cannot be located in the GBOBOL 
collections. Moreover, it is curious that Ortega did not make mention of this fauna in 
his 1970 review. 

Large and diverse faunas of Deseadan Age have been collected from beds in the 
Salla-Luribay Basin and near Lacayani (Hoffstetter, 1968a, 1976a) (fig. 4). The main 
fossil bearing unit is the Strates 011 COl/ches de Salla of Hoffstetter (1976a, p. 4) or Estra
tos Salla of Evernden, Kriz & Cherroni (1966) which consist mainly of consolidated red 
to pink clays alternating with green or yellow-gray marly clays or gypsiferous marls 
(for stratigraphic section see Hoffstetter, 1976a, fig. 3; Villarroel & Marshall, 1982). 
The localities and faunas have been described by Hoffstetter (1968a, 1969, 1976a), 
Hoffstetter & Lavocat (1970), Hoffstetter, Martinez, Mattauer & Tomasi (1971b), 
Hartenberger (1975), Lavocat (1976), Patterson &Marshall (1978), Patterson & Wood 
(1982), Villarroel & Marshall (1982), Hoffstetter & Petter (1983), Soria & Hoffstetter 
(1983) and Petter & Hoffstetter (1983). This faunal association comprises 8 orders and 
at least 22 families; its age is clearly established by the presence of Deseadan guide 
fossils, among others pyrotherium, Trachytherus, Rhynchippus, Plagiarthrus, Pro
adiantus, Cephalomys, Pe/tephilus, Glyptatelus, Notogale, etc. This fauna includes 
the latest record of the marsupial family Polydolopidae (Patterson & Marshall, 1978), 
and the first record of South American primates (Braniselia boliviana - Hoffstetter, 
1969). A Deseadan fossil (Rhynchippus sp.) from the Petaca 'Formation, Quebrada 
Saguayo, in the subandine zone of eastern Bolivia was described and illustrated by 
Villarroel, in Sanjines & Jimenez (1976) (fig. 4; see Hoffstetter, 1977a, p. 1519). 

A fauna of possible Friasian (middle Miocene) Age is recorded from the middle 
part of the Totora Formation at Choquecota (fig. 4) on the Altiplano (see Hoffstetter, 
Martinez & Tomasi, 1972). It is characterized by the small mesotheriid Microtypothe
rium choquecotense (Villarroel, 1974b) which is also found farther to the south in the 
lower part of the Cerdas beds (improperly called "Formaci6n Quehua superior" on 
the geologic map hoja 6331 (Quechisla), half way between Cerdas and Atocha (see 
Hoffstetter, 1977a; Villarroel, 1978). At 3 kilometers southeast of Cerdas another meso
theriid, Plesiotypotherium minus, was collected from the upper part of these same 
beds. This species appears to be more progressive than M. choquecotense, suggesting 
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a possible Chasicoan Age. In southernmost Bolivia, Hoffstetter (1977a) also recorded 
a Friasian fauna at Quebrada Honda, about 65 kilometers southwest of Tarija, in 
which five orders and 11 families [Dasypodidae, Glyptodontidae, Megalonychidae 
(,Megatheriidae' sensu Romer; the ground sloth from Quebrada Honda resembles 
Hapalops and Pelecyodon, classically considered as Megalonychidae, but included by 
Romer, 1966, in the Megatheriidae sensu lato - Hoffstetter, personal note), Protero-
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Fig. 4. - Map of southwest Bolivia showing principal mammal-bearing localities of Tertiary 
age (modified after Hoffstetter, 1977a, p. 1519). 
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theriidae. Macraucheniidae. Mesotheriidae. Hegetotheriidae. Astrapotheriidae. Chin
chillidae. Octodontidae and Echimyidae] are represented. 

A large number of faunas of Chasicoan and/or Huayquerian Age are known from 
Bolivia. The richest of these are from southwest of La Paz at Achiri and vicinity 
(Jankoaqui. Rosario. General Camacho. etc.; fig. 4). and from the upper member 
(Mauri 6) of the Mauri Formation. The Mauri 6 was deformed and eroded at the end 
of the Miocene. There are no Pliocene sediments in the region. but the horizontal 
Perez Ignimbrite which disconformably over lies these Miocene beds has been radio
isotopically dated at 2.5 Ma (Evernden. Kriz & Cherroni. 1966. 1977). A stratigraphic 
section spanning the time interv,al of about 8.0 to 6.0 Ma at the Achiri locality is given 
by VilIarroel (1974a). The Achiri fauna comes from the upper part of the Mauri 6. 
above the level dated at 8.0 Ma by Evernden. Kriz & Cherroni (1966. 1977). Somewhat 
older beds including large amounts of volcanic ash. occur further to the west. especial
ly at Jankoaqui. Evernden. Kriz & Cherroni (1966. 1977) have dated ash beds from 
Mauri 6 and have obtained ages ranging from 5.9 to 10.5 Ma. The 10.5 Ma date comes 
from Cerro Hakakota. 13 kilometers southeast of Santiago de Machaca. which is 
probably the same as Cerro Jancocota from which Berry (1922) described a fossil 
flora. 

The known vertebrate fauna from the Mauri 6 is dominated by the mesotheriids 
Plesiotypotherium ({chirense and P. majus. which apparently come from two different 
stratigraphic levels (Villarroel. 1974a). and some Toxodontidae and a variety of eden
tates (Glyptodontidae. Dasypodidae .. Megatheriidae. Mylodontidae .... ). 

Fossils have been collected further toward the east from the upper part of the 
Totora Formation. which is equivalent to Mauri 6. to the west of Callapa. to the north 
of Ulloma. and to the north of Chacarilla and at or near Curahuara de Carangas (fig. 
4).< The Totora Formation is deformed as is the Mauri 6. and is unconformably over
lain by either the Perez Ignimbrite or by the Pleistocene Ulloma Formation. Two ash 
beds from the upper part of the Totora Formation. the toba Callapa and the toba 
Ulloma. have given radioisotope dates of ca. 7.25 and 9.1 Ma. respectively (Evernden. 
Kriz & Cherroni. 1966. 1977). Fossils have been found above the former. and are thus 
from a level approximately equivalent to Achiri. 

Two localities to the east-southeast of Quehua in the southern part of the Altiplano 
have yielded (Hoffstetter & Villarroel. unpublished) Plesiotypotherium cf. P. majus 
(from the highest level) and P. achirense (from 40 meters stratigraphically lower). and 
establish the equivalence of the Quehua Formation (sensu stricto) with the sequence at 
Achiri. These beds also occur below a regional unconformity (Martinez. personal 
communication). Plesiotypotherium is a good guide fossil for the late Miocene of the 
Bolivian Altiplano. The euphractine armadillo Dasypodon. described by Castellanos 
(1925) from an elevation of 3200 meters at Suipacha. south of Tupiza. Department of 
Potosl. is also regarded as late Miocene in age (Hoffstetter. 1977a) (fig. 4). 

The end of the Miocene on the Bolivian Altiplano is marked by a major tectonic 
phase. the Quechua phase of Steinmann. and beds of this age are disconformably 
over lain by Pliocene (Montehermosan and Chapadmalalan) deposits to the south and 
southeast of La Paz. Likewise. the Pliocene strata are separated from those of the 
Pleistocene by one or several undated ash beds. One of the most important of the 
fossiliferous Pliocene deposits is the Umala Formation which has a sample of its basal 
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ash unit (Toba 76) from Umala dated at 5.5 Ma 8 (Evernden, Kriz & Cherroni, 1966, 
1977) and which disconformably overlies the Totora Formation. Diverse mammalian 
faunas have been collected from the Umala Formation at Ayo Ayo, Vizcachani, and 
Umala (fig. 4) and include representatives of the families ¥icrotragulidae, Dasypodi
dae, Megatheriidae, Mylodontidae, Hydrochoeridae, Ctenomyidae, Macraucheniidae, 
and Toxodontidae (Hoffstelter, Martinez, Munoz-Reyes & Tomasi, 1971; Hoffstelter 
& Villarroel, 1974; Villarroel, 1975). The occurrence of Chapalmatherium novo sp. at 
Ayo Ayo (Hoffstetter in Hoffstelter, Martinez, Mufioz-Reyes & Tomasi 1971) is 
confirmed by Villarroel's unpublished new findings. 

A similar fauna has been found from a stratigraphic position situated above an ash 
bed which Martinez (personal communication) believes is the Toba 76, to the north of 
Pomata in strata improperly designated as the 'Formaci6n Mauri' (Geologic Map, 
hoja 6039, Choquecota), and to the south and southeast of La Paz under the Chijini 
tuff (3.27 Ma; after Clapperton, 1979) in the La Paz Formation, a time equivalent of 
the Umala Formation. This Pliocene fauna differs markedly from that of the late 
Miocene (i.e. Achiri and equivalents) in that the Mesotheriinae, so abundant up to 
that time, disappear and are unknown in the Bolivian Pliocene and Pleistocene. On 
the Altiplano the large Pliocene herbivores are Macraucheniidae (cf. Promacrauche
nia), Xotodontinae (Posnanskytherium), and edentates (Megatheriidae, Mylodontinae, 
Pampatheriinae). 

The toxodont Posnanskytherium desaguaderoi LIENDO (1943) which Bordas syn
onymized with Toxodoll, is indeed a valid genus and species of Xotodontinae and is of 
Pliocene (Montehermosan) Age (see Hoffstetter, Martinez, Munoz-Reyes & Tomasi, 
1971; Villarroel, 1977). . 

At Anzaldo, on the east slope of the Cordillera (fig. 4), Montano (Geology thesis, 
University of La Paz, 1968) described a fossiliferous section which he assigned a Pleis
tocene Age. Hoffstetter, Montano and Ortega later visited this locality and found 
(unpublished) that the lower level of the Quebrada Tijascka, which consists of2 meters 
of silts tone, is referable to the Pliocene as is indicated by the presence of cf. Proma
crauchenia. Above this unit begins the Pleistocene as marked by a gravel layer which 
yielded a complete caudal tube of Prodaedicurus cf. P. devincenzii CASTELLANOS, 
which is new for Bolivia. Above this unit are sands, siltstones, and gravels which have 
yielded Megatherillm and Glyptodoll. 

Finally, from the Petaca (sic) Formation on the Rio Yacapani in the subandian 
zone, was found half of a jaw of Vassallia milluta (Pampatheriinae) described by ViI
larroel (ill Sanjines & Jimenez, 1976). A Pliocene Age for these beds is suggested. 

Douglas (1914, p. 24) reported that" a few miles below the Mauri [River) bridge 
were obtained specimens of a silicified tree-trunk and a fragment of the symphysis of a 
mandible of Nesodoll [a Santacrucian ... genus from Patagonia)." This fossil came 
from volcanic beds of the Desaguadero Formation at an elevation of 13,000 feet 
(' Douglas Loc.', fig. 4). This specimen wassubmitted to and identified by C. W. 
Andrews of the British Museum (Natural History), although the specimen is no longer 

8. A second dale, 6,4 Ma in the Pomata area attributed to Toba 76 by Hoffstctter, Martinez & Tomasi (1972) after 
data from Everndcn et 01. (1966, J977) probably represents a tuff unit distinct from that of the Toba 76 (see p. 78). 
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in those collections. Because of this the exact identity of this specimen and age of these 
beds is uncertain. 

Huxley (1860) described and illustrated Macrauchellia boliviellsis from the locality 
of Corocoro, a copper mine between Ayo Ayo and Achiri. This specimen is indeed a 
macrauchenid, but it is not referable to the Pleistocene genus Macrauchellia. It is a 
Neogene (Miocene?) form, smaller than Theosodoll (see Hoffstetter & Paskoff, 1966, 
p.483). 

Simpson (1940, p. 705) noted that the toxodont ('haplothere') Pachynodoll validus 
BURMEISTER, is similar to the Mesopotamian genus Haplodontherium AMEGHINO, from 
Argentina and is thus probably of late Tertiary Age. Pachynodon validus was prob
ably found in Bolivia, but the accompanying data are vague. "As far as I know, the 
only available in formation as to provenience is that the specimen was sent to Vaca 
Guzmfm (then Bolivian Minister in Buenos Aires) from Santa Cruz de la Sierra, Santa 
Cruz, Bolivia. The implication is that the specimen was found at that place, but this is 
not definitely established" (Simpson, 1940, p. 705). 

BRAZIL 

A review of Cenozoic vertebrate localities and faunas of Brazil is presented by 
Paula Couto (l970c). The oldest known fossil mammals in Brazil are from the lime
stone quarry at Sao Jose de Itaborai, about 14 miles northeast of Ni,teroi, and on 
approximately the same latitude as the city of Rio del Janeiro (fig. 5). This is the larg
est, in both numbers of specimens and taxa (table 15), known Riochican fauna and the 
only fauna of that age known outside of Argentina. 

Table 15. List of Riochican mammals from the fissure fills 
at Sao Jose de Itaborai, Brazil 

Order Marsupl,IIB 
Family Didelphidae 

Bobbschaefferia flU/llillellsis (PAULA COUTO, 1952c) see Paula Couto, 1970b 
Derorhynchus sillgularis PAULA COUTO, 1952c 
Didelphopsis cabrerai PAULA COUTO, 1952c 

"Eobrasilia coutoi SIMPSON, 1947a 
Gaylordia macrocYllodonla PAULA COUTO, 1952c 
Gaylordia melldesi PAULA COUTO, 1970b 
Guggenheimia brasiliensis PAULA COUTO, 1952c 
Marmosopsis jllradoi PAULA COUTO, 1962 
Minusclllodelpllis minimus PAULA COUTO, 1962 
Mirandatherillm alipioi (PAULA COUTO, 1952c) see Paula Couto, 1952e 
Monodelphopsis travassosi PAULA COUTO, 1952c 
Protodidelpllis vanzolinii PAULA COUTO, 1952c 
Sternbergia itaboraiensis PAULA COUTO, 1970b 
Xenodelpilis doelloi PAULA COUTO, 1962 

Family Caroloameghiniidae 
, Procaroloamegilinia prlcei MARSHALL, 1982b 
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Family Borhyaenidae 
cf. Nemo/estes sp. (see Marshal!, 1978) 
Patene simpsolli PAULA COUTO, 1952a (includes lschyrodide/phis castel/allosi PAULA COUTO, 

1952c) 

Family Polydolopidae 
Epid%ps ameghilloi PAULA COUTO, 1952a (includes Epid%ps gracilis PAULA COUTO, 1952a) 

Order Edentata 
Family Dasypodidae 

Prostegotllerium aff. P. astrifer (see Scil!ato Yane, 1976b) 

Order Condylarthra 
Family Didolodonlidae 

Emestokokellia protocellica PAULA COUTO, 1952b 
Emestokokellia parayirullhor PAULA COUTO, 1952b 
Lamegoia cOllodollta PAULA COUTO, 1952b 
Asmitllwoodwardia sCOlli PAULA COUTO, 1952b 

Order Notoungulata 
Family 01dfieldlhomasiidae 

Co/bertia magellallica (PRICE and PAULA COUTO, 1950) sec Paula Coulo, 1952d 
lIaboraitherium atavum (PAULA COUTO, 1954a) see Paula CoulO, 1970a 

Fan)i1y Henricosborniidae 
Othllie/marshia pristilla (PAULA COUTO, 1978d) see Paula. Coulo, 1979a 

?NOIQunguiala, illcerlae sedis 
Pa/aeoc/adosictis mosesi PAULA COUTO, 1961 (see Marshal!, 1978) 

Order Lltoplerna 
Family Macraucheniidae 

Victor/emoillea prototypica PAULA COUTO, 1952b 

Family Proterotheriidae 
Alliso/ambda prodromus PAULA COUTO, 1952b 

Order Trlgonoslylopoldea 
Family Trigonostylopidae 

Tetragollosty/ops apthomasi (PRICE and PAULA COUTO, 1950) see Paula CoulO, 1963 

Order Xenungulata 
Family Carodniidae 

Carodllia vieirai PAULA COUTO, 1952b 

The fossils come from a mar! which fills channels and underground caves in a 
limestone quarry, produced in the limestone by pluvian and underground water 
(Rodrigues Francisco & de Souza Cunha, 1978). The age of this limestone, the !taborai 
Formation, and of its invertebrate fauna as described by Maury (1935) and Parodiz 
(1969), is possibly early Paleocene, or in part, late Cretaceous (Ferreira & Santos 
Coelho, 1971, p. 471). Rodrigues Francisco & de Souza Cunha (1978) have suggested 
that the vertebrate bearing fillings in the !taborai Formation may be early (but not 
earliest) Paleocene in age. 

The fossil mammals from !taborai have been described in a series of papers by 
Paula Couto (1948, 1949, 1950, 1952a-e, 1954a,b, 1958, 1961, 1962, 1963, 1970a,b, 1978b-d, 
1979a), Price & Paula Couto (1946,1950), and Simpson (1947a). Paul a Couto (i952b, p. 
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360) has noted that as the mammals from Itaborai are more primitive than the corre
sponding groups in the Casamayor faunas of Patagonia, and as one of the genera, 
Carodnia, is known elsewhere only in the Rio Chico beds of Patagonia, it seems that 
the Rio Chico and Itaborai faunas must be considered nearly synchronous in age. 

A Deseadan fauna has recently been found in the Tremembe Formation in the 
Taubate Basin, state of Sao Paulo (fig. 5). These beds had long been regarded as 
Pliocene or Pleistocene in age on the basis of fossil remains, mainly fishes, consistent 
with but not diagnostic of such an age. The known fauna includes a notoungulate of 
the family Leontiniidae (cf. Leontinia gaudryi, see Paula Couto & Mezzalira, 1971), a 
pampatheriine armadillo (Patterson, in press), and a bat (Tadaridajaustoi, see Paula 
Couto, 1956, 1979b). 
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Deposits in western Brazil near the Peruvian border have yielded the astrapothere 
SYllastrapotherium, thought to be Oligocene in age by its describer (Paula Couto, 
1976). 

The first record of Tertiary mammals in Brazil "were perhaps those found by Jose 
Bach some time before 1911 at the first rapids of the Yurml River" ... [fig. 5). The speci· 
mens ... seem to have been lost ... , but von Ihering had a photograph which he showed 
to [F.) Ameghino and later sent to Schlosser ... (1925) ... [who).,. identified the mam· 
mals as including a toxodont, otherwise undetermined, ... and [aj ... heptaxodontid 
rodent. That there is a Tertiary mammal deposit in this region was to some extent 
confirmed by the description of a new genus, Trigodollops, by [L.) Kraglievich (1931), 
a toxodont of Pliocene aspect, based on Toxodoll /opesi Roxo [1921) of unknown 
geologic origin and uncertain geographic position but probably from the Alto Yurua" 
(Simpson, 1940, p. 702). Also reported from these beds are the toxodonts Abothrodoll 
pricei PAULA COUTO (1944, p. I), a form of uncertain affinity (see Paula Couto, 1956, 
p. 41); an astrapothere (Paula Couto, 1970c, p. 917; 1976); and a dinomyid rodent, 
Phoberomys burmeisteri (Paula Couto, 1978a, p. 6). Additional late Tertiary and 
Quaternary fossil localities in the Rio Jurua* region are listed by Paula Couto (1978a, 
p. 4-5). 

Another late Tertiary (Pliocene?) fauna is reported from the Paranil Formation, a 
level at or near the base of Singewald's (1937) BrolVlI Beds series in the upper Rio Pur us 
region, Amazonas Province, western Brazil (Paula Couto, 1956) (fig. 5). The fauna 
includes a small mylodontoid? ground-sloth (Paula Couto, 1956, p. 18; Simpson, 1940, 
p. 702); a rodent, Phoberomys bordasi Patterson (1942, p. I); and a crocodile, Brachy
gllathosuchus braziliensis. The fossiliferous beds of the upper Rios Punls and Jurua 
regions, discussed by Paula Couto (1956), are tentatively regarded as late Miocene 
(Huayquerian) in age, although the presence of Astrapotherium suggests that at least 
some of these beds are somewhat older. 

CHILE 

Tertiary land mammals are known from the Palomares or Santa Cruz Formation 
in the Department of Magallanes, southern Chile. Hemmer (1935) reported a specimen 
of Astrapotherium magnum from Los Cruceros on the southern margin of the Laguna 
del Toro, and Simpson (l941b) reported Nematherium birdi from the east side of 
Laguna Blanca (fig. 3). Both specimens are Santacrucian in age. 

The type Friasian fauna occurs at the Alto Rio Frias (= Rio Cisnes), approximately 
71°7'-20'W, 44°34'37'S (fig. I). This fauna was discovered in 1897 or 1898 by Roth (see 
Roth, 1908; Ameghino, 1906). A review of the history of this fauna is given by Hoff
stetter (in Hoffstetter, Fuenzalida & Cecioni, 1957, p. 133), and is discussed in more 
detail on p. 31-33. 

*The Rio JUTua (Brazil) is named Rio Yurua in its upper part, in Peru. 
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COLOMBIA 

The majority of continental Tertiary sediments of Colombia are situated in the 
Magdalena Valley (fig. 6), an ancient trough separating the east and central cordille
ras (see Bondesio & Pascual, 1977, fig. 1). Fewer and less fossiliferous deposits occur 
in the Valle del Cauca, between the central and western cordilleras, and in the Mara
caibo depression, between the Sierras de Perija and Merida. These latter depressions 
were frequently inundated by marine transgressions during the Tertiary. Reviews of 
Tertiary mammal-bearing faunas of Colombia are given by Hoffstetter (l970a, 1971), 
Stirton (l953), and Porta (1961). 

A vertebrate fauna, considered to be of possible late Eocene Age by Stirton (1953), 
is recorded from the Mugrosa Formation in the La Circa-Las Infantas oil fields in 
Santander. Stirton (1953, p. 609, fig. 4) figured and described an incomplete lower 
molar of what he considered an astrapothere of the subfamily Albertogaudryinae, 
from the Tama fauna (fig. 6). Based on palynological data, Van der Hammen (1957) 
assigned the Mugrosa Formation to the early or middle Oligocene. 

From the middle or lower part of the Gualanday Formation, about 3 kilometers 
east-northeast of Gualanday, Department of Tolima (fig. 6), Hoffstetter (1970d) de
scribed a new pyrothere, Colombitherium tolimense, of the family Colombitheriidae. 
This specimen is thought to be of late Eocene or perhaps early Oligocene Age. 

Stirton (1946b; 1953, p. 609) described a possible early Oligocene fauna from the 
Tune Formation, just northeast of Chaparral, Department of Tolima. Among the 
mammals are included megalonychid ground sloths, a proterotheriid litoptern or 
didolodontid condylarth? (Protheosodon), a toxodontid notoungulate (Proadinothe
rium), an astrapothere, and a sirenian? (Lophiodolodus). 

The Peneyita fauna is represented by a single specimen of a rodent, Eosteiromys 
(family Erethizontidae), collected from a calcareous marly claystone at the confluence 
of the Rios Peneyita and Caqueta (Stirton, 1953, p. 610, fig. 7). This is the only known 
fossil mammal locality east of the Andes in Colombia (fig. 6) and is believed to be of 
early Oligocene Age. 

The only late Oligocene (Colhuehuapian) mammal-bearing fauna in Colombia (the 
Coyaima fauna) is from a gray ferruginous sandstone unit of the Honda Group, near 
the village of Coyaima adjacent to the Castilla-Ataco carretera, Department ofTolima 
(Stirton, 1953, p. 611, fig. 8). Among the known mammals are included edentates 
(Megalonychidae and Dasypodidae - including a large pampathere), rodents (er. 
Scleromys), Litopterna, Notoungulata (Toxodontidae, Leontiniidae, Interatheriidae
Cochilius) , and Astrapotheria. 

By far, the best known and most taxonomically diverse mammal-bearing fauna of 
middle Tertiary Age in Colombia, or for that matter in all of northern South America, 
is the middle Miocene (Friasian) La Venta fauna (including the Carmen de Apicala 
fauna of Stirton, 1953, p. 616). The La Venta fossils are found in a large section of 
sandstones, conglomerates, and c1aystones of the Honda Group, north and northeast 
of Villavieja (Stir ton, 1953, p. 613, fig. 9; Fields, 1959; Bondesio & Pascual, 1977; 
Hoffstetter & Rage, 1977) (fig. 6). Faunal lists (table 16) are given by Hoffstetter (1970a, 
p. 934; 1971, p. 40), Hirschfeld & Marshall (1976), and Hoffstetter & Rage (1977). 
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From Jordan (= Sube) along the Rio Chicamocha near Los Santos, Department of 
Santander, has been collected an incomplete mandible of a scelidothere of Miocene 
aspect. This specimen, collected by R. Padre Rothereau, is now in the Museo del Insti
tuto La Salle in Bogota (Hoffstetter, unpublished). 

Stirton (1946a) described a dinomyid rodent, ?Gyriabrus royoi, collected from a 
light greenish-gray, fine-grained sandstone unit of the Savana Formation (Porta, 
1961). The specimen came from near kilometer 35 carretera de Toluviejo, north of 
Sincelejo, Department of Bolivar. This, the Sierra Peiiata fauna, is regarded as late 
Miocene in age (Porta, 1961; Hoffstetter, 1971, p. 42). 

In the region'of Sincelejo the Savana Formation is covered imconformably by the 
Arenlscas de Siflcelejo which extends from Corozal to about El Carmen. Porta (1961) 
assigned these sands to the Pliocene, and from them recorded a toxodont which pre
sents characters of both the Toxodontinae and Haplodontheriinae. 

Stirton (1946a) described a tayassuid artiodactyl, Selenogonus narinoensis, collect
ed from a dark-green, fine-grained sandstone near Cocha Verde, on the Tuquerres
Tangua carretera, Department of Narifio (fig. 6). This, the Cocha Verde fauna of 
Stirton (1953, p. 620), is assigned a late Pliocene or early Pleistocene Age. Faunas 
recorded but not described by Botero Arango (1936) from Ortega9, Department of 
Tolima, and by Royo y G6mez (1942,1945) in Santa Rosa de Viterbo lO, Department of 
Boyaca, may be of similar age, but that needs confirmation (Hoffstetter, 1971, p. 43). 

Table 16. List of Friasian mammals from the La Venta fauna of Colombia 
(modified from Hirschfeld and Marshall, 1976 - see that work for 

literature references of original authorship) 

'Order MarsuplaUa . 
Family Didelphidae 

Marmosa laventiea MARSHALL. 1976 
Marmosa sp. 
Hondadelphys fieldsi MARSHALL, 1976 

Family Borhyaenidae 
Lyeopsis longirostrus MARSHALL, 1977 
borhyaenid, gen. et sp. indel. 

Order Chirop tera . 
Family Phyllostomatidae 

Nolonyeleris magdalenellsis SAVAGE, 1951 

Order Primates 
Family Cebidae (incl. Atelidae) 

Cebupithecia sarmiell/oi STlRTON and SAVAGE, 1951 
Slirlonia tatacoellsis (STlRTON, 1951) 
Neosaimiri fieldsi STlRTON, 1951 

9. "Orlega. El doctor Gerardo Botero (1936 y 1937, p. 45) senata la existencia de CosHes del Terciario superior en 
este municipio pero no indica la localidad exacta ni de que vertebrados se trala" (Royo y G6mez, 1945, p. 499). 

10. "Santa Rosa de Vlterbo. Hacienda Gratamira, de 105 seiiores Jimenez SuArez, a unos dos kilometros al S. de 
la poblaci6n. En elllamado yacimiento de fosfatos, fragmento del cuerpo de una vertebra, una cabeza Incompleta de 
femur y otra de metapodio de mamiferos pequenos. Terciario superior a Pleistoceno inferior. Col. R. Sarmiento, 
Sery. Geol. Nol. (Royo y G6mez, 19420, p. 49)" (Royo y G6mez, 1945, p. 499). 



Order Edent.t. 
Family Megalonychidae 

ef. Hapalops sp. 

Family Megathcriidae 
Su~family Meg~theriinae gen. et sp. iflde/. 

Family Mylodontidae 
Subfamily ?Mylodontinae 
Pseudoprepolherium sp. 

Subfamily Seelidotheriiuae 
cf. Neonematherium sp. 

Family Myrmecophagidae 
Neotamalldua borealis HIRSCHFELD, 1976 

Family Dasypodidac 
Subfamily Pampatheriinae 
Kraglievichia sp. (see Robertson, 1976) 

Family Glyptodontidae 
Subfamily Propalaehoplophorinae 
Asteroslel1una depressa AMEGHINO 
Asterostemma venezolellsis SIMPSON, 1947 
Propalaehoplophorus sp. 

Order Rodentl. 
Family Erethizontidae 

cf. Eosleiromys sp. 

Family Caviidae 
Subfamily Doliehotinae 

Prodoliclzotis pridiana FIELDS, 1957 

Family Dasyproetidae 
Neoreomys huilensis FIELDS. 1957 
Scleromys schuermalllli STEHLlN J J 940 
Scleromys'co!ombiallus FIELDS, 1957 
Olenopsis aequatorialis (ANTHONY, 1922) 

Family Eehimyidae 
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Order Condylarthra 
Family Didolodontidae 

Megadolodus molariformis MeKENNA, 1956 

Order Lltopterna 
Family Macraucheniidae 
Family Proterotheriidae 

Order Notoungulata 
Family Leontiniidae 
Family Toxodontidae 
Family Interatheriidae 

Miococlzilius anomopodus STlRTON, 1953 

Family Hegetotheriidae 
Family Isotemnidae? 

Order Astrapotherl. 
Family Astrapotheriidac 

Xellaslrapolherium kraglieviclii CABRERA, 1929 
Astrapolherium sp. 

Order Sirenis 
Family Manatidae 

Ribodoll magdalellensis (REINHART, 1951) 

ECUADOR 

Hoffstetter (I970b) reviewed occurrences of fossil vertebrates in Ecuador. A dino
myid rodent was described as Drytomomys aequatorialis ANTHONY (1922), from a cave 
near Nabon, Azuay Province (fig. 7). Anthony believed this specimen to be Pleistocene 
in age. However, according to Fields (1957), Dfytomomys is a junior synonym for 
Olenopsis, and the same species, O. aequatorialis, is common in the La Vent a fauna 
of Colombia. Thus, the rodent from Nabon is now regarded as Friasian in age (Hoff
stetter, 1970b, p. 956; Bristow & Hoffstetter, 1977, p. 210, Nabon Formation). 

Repetto (1977) recently recorded discovery of a mammalian tooth from the lower 
part of the Bibliim Formation about 8 kilometers west of Azogues (fig. 7). According 
to 0.0, Simpson (in Repetto, 1977) the tooth is of a toxodontid, similar to Protoxo
don rothi KRAGLlEVICH, but distinct. This specimen snggests a tentative Santacrucian 
or Friasian Age for this level of the Bibliim Formation (Hoffstetter ill Bristow & Hoff
stetter, 1977, p. 57), 
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Fig. 7. - Map of Ecuador and Peru showing principal mammal-bearing localities of Late 
Cretaceous (Laguna Urnayo) and Tertiary age (all others), 
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PERU 

A review of Peruvian late Cretaceous and Cenozoic continental vertebrate local
ities and faunas is given by Hoffstetter (197Oc). The oldest known fossil mammals in 
Peru are represented by the Laguna Umayo local fauna from the Vilquechico Forma
tion on the Andean Altiplano near Lago Titicaca. southern Peru (fig. 7). These include 
a primitive condylarth (but see p. 61 for dIscussion of alternative affinities) Peruthe
rium altiplanense THALER. 1967 (in Grambast et al .• 1967). various marsupials. notably 
a didelphid. Peradectes austrinum (Sige. 1971; see Crochet. 1977. 1978. 1979a. b) and a 
single specimen questionably attributed by Sige (1972) to the family Pediomyidae. The 
same rocks. mapped as late Cretaceous by Portugal (1974). have also yielded dinosaur 
eggs (Sige. 1968). A late Cretaceous age for this earliest known South American 
mammal fauna is thus suggested and is confirmed by charophytes (Porochara and 
Amblyochara; see Grambast et al .• 1967). 

A pyrothere. Griphodon peruvianus ANTHONY. 1924. has been described from a 
"15' embankment of gravelly red clay" near the farm house called Chiococa. "up
stream from Chipeza .... situated approximately I km west of the junction of the 
Quebrada Chipaote with the Rio Huallaga. about midway on the stretch of the river 
between the Pongo de Vaguero to the west and the Pongo de Aguirre to the east 
(map in Rosenzweig. 1953) .... Departmento de San Martin. Provincia de San Martin" 
(Patterson. 1977. p. 421; also see Patterson. 1942) (fig. 7). Hoffstetter (1970c. p. 973) 
noted that in its stage of evolution Griphodon is intermediate between Carlozittelia 
from the Casamayor and Pyrotherium from the Deseado. He thus suggested that its 
age was Mustersan. On the stratigraphic data. Patterson (1977. p.422) estimated its age 
as approximately middle Eocene. 

Buffetaut & Hoffstetter (1977. p. 1663) record a vertebrate fauna of possible Fria
si an Age containing mammals from the Ipururo Formation in the upper Ucayali 
Basin. eastern Peru (fig. 7). The mammals. as yet undescribed. include gravigrade 
edentates and astrapotheres. 

WiIlard (1966. p. 73-74) listed a large number of mammal-bearing localities and 
faunas which apparently range from Miocene to Pleistocene in age. According to 
Hoffstetter (1970c. p. 974). beds from the Rio Mapuya (as well as those of the Rlos 
Inuya and Shepahua) contain an astrapothere (cited and figured as 'Astracotherium' 
sic by WiIlard) which is probably of Miocene Age. These beds. or those of the Rios 
Purus and Yurua of Brazil. are probably referable to the Ipururo Formation. [Faunas 
of possible Pliocene-Pleistocene Age occur at the Rio Utoquinea at its confluence with 
the Rio Ucayali. and in the Selva de Carabaya.] 

SpiIlmann (1949. p. 25) described a toxodont. Neotrigodon utoquineae. from the 
late Miocene or early Pliocene Brown beds of Singewald (1937) along the Rio Utoqui
nea. a tributary of the Rio Ucayali. near the Brazilian border. Paula Couto (1956. p. 
104) suggested that Neotrigodon may be a junior synonym of Abothrodon Paula 
Couto (1944) from deposits of similar age in southwestern Brazil (see p. 48). Unfor
tunately Abothrodon is known only from its lower dentition and Neotrigodon only 
from its upper. thus deterring direct comparison of these taxa. 
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Hoffstetter (1968b) reported on a primarily marine vertebrate fauna from the Pisco 
Formation at Sacaco in southern Peru (fig. 7). This fauna has yielded numerous re
mains of an edentate which shares features with both Planops and Pseudoprepothe
rium. The local fauna, being studied by C. de Muizon (e.g., 1981), also includes marine 
molluscs, fish, crocodiles, birds, pinnipeds (five Monachinae, one Arctocephalinae), 
and cetaceans (two Balenopteridae, one Cetotheridae, one Platanistidae, one Phocae
nidae, two Delphinidae and one Ziphiidae). The Pisco Formation was long consider
ed as Miocene in age on the basis of the marine mollusc fauna. However, a late Mio
cene or Pliocene Age is suggested by the vertebrate faunas, the diatoms, radioisotopic 
age determinations, and local neotectonics. The fossiliferous localities (El Jaguay, 
Aguada de Lomas, South Sacaco, Sacaco) correspond to various ages from ca. 6.0 to 
ca. 3.0 Ma (de Muizon & Bellon, 1980). 

URUGUAY 

Reviews of mammal-bearing Tertiary strata and faunas in Uruguay are given by 
Simpson (1940, p. 699), Hoffstetter (in Goni & Hoffstetter, 1964), Mones & Francis 
(1973), Francis (1975) and Mones (1979). These workers show that in Uruguay, princi
pally in the southwest, there are mammal-bearing equivalents of several of the Argen
tine faunas of middle and late Tertiary Age. The known collections are scanty, "and 
the stratigraphic sequence and nomenclature are not yet well worked out" (Simpson, 
1940, p. 699). 

The oldest known Uruguayan mammals are from the Fray Bentos Formation 
(= Santa Lucia beds or Salltaiuciellse of L. Kraglievich, 1932), Santa Lucia, Department 
of Montevideo (fig. 8). These beds consist of silty sands, with intercalations of loess 
and volcanic ash, and frequent calcareous concretions. Propachyrucos schiajjinoi 
KRAGLlEVICH, 1932 is from the locality of Canadan de las Mulas. Mones & Ubil\a 
(1978) recently reported the borhyaenid marsupial Proborhyaena cf. P. gigantea from 
the Fray Bentos Formation at Paso del Cuello, Department of Canelones, suggesting a 
Deseadan Age for these beds (typical Santaluciense) in this area. 

From the Fray Bentos Formation (= Pailllirense of L. Kraglievich, 1932) on the 
banks of the Rio Uruguay near Nueva Palmi ra, was collected a calcaneum which L. 
Kraglievich (1932) named PseudohegetotheriulII pallllirense. From the cliffs of the Rio 
Uruguay near Fray Bentos, Department of Rio Negro, L. Kraglievich reported Proty
potherium sp. From Punt a Gorda, Department of Colonia, came a caviomorph 
rodent which L. Kraglievich named Palmiramys waltheri, and a hoplophorine glyp
todont which Castellanos (1948) referred to Berthawyleria sp. From the Barranca de 
Los Loros has been reported a glyptodont, Urotherium interundatum (Castellanos, 
1948, p. 21) and species of the dasypodids Dasypodon and Doel/otatus (Castellanos, 
1948, p. 21; Goffi & Hoffstetter, 1964, p. 158). These taxa are comparable with those in 
faunas of Chasicoan Age in Argentina, confirming such correlations as advanced by 
L. Kraglievich (1932), and Francis (1975, p. 556). 

An astrapothere, Uruguaytherium beaulieui L. KRAGLlEVICH (1928), was collected 
from the arroyo Juanin tributary of the arroyo Roman, Department of Rio Negro 
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(Mones & Francis, 1973, p. 73). The age of this specimen is not surely known and it 
has been assigned to both the Oligocene and Miocene (Gofii & Hoffstetter, 1964). 
Simpson (1940, p. 699) notes that" it is an astrapothere of advanced type, different 
from and possibly more specialized than those of Argentina, where astrapotheres are 
last known in the Friasian" . 

L. Kraglievich (1930a) described a scrap of bone from the arroyo Perico Flaco, 
Department of Soriano, as Proterotherium berroi. This specimen may have come 
from the Fray Bentos Formation (Gofii & Hoffstetter, 1964, p. 158). Proterotherium is 
a typical Santacrucian genus. 
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Fig. 8. - Map of Uruguay showing principal mammal-bearing localities of Tertiary age. 
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L. Kraglievich (1926) described a megalonychid ground sloth, MegalonycilOpsjon
tanai, from the Areniscas de Camac/IO, Department of Colonia. Megalonychops is a 
Mesopotamian genus from Argentina and is thus probably Huayquerian in age (Pascual 
& Odreman Rivas, 1973). 

A fauna of Mesopotamian character has been collected from the Barrancas de San 
Gregorio, along the coast of the Rio de La Plata, west of Montevideo, in the Depart
ment of San Jose (fig. 8). Some of these fossils were collected in situ and others as 
float from the base of the cliff. The fauna includes Berroia gregoriense, Palaeotoxo
don paranensis, Xotodon smaltatus, Toxodontotherium listai, Scalabrinitherium jer
reriai, ?Oxyodontherium zeballosi, Promegatherium (=Eomegatherium) nanum uru
guayense, Pliomorphus aff. robustus, P. (Menilaus) berroi, Scelidodon corderoi, 
Stromaphoropsis scavinoi, S. benvenutii, S. rebujjoi, Berthawyleria uncinata, B. gra
cilis, Teisseiria compressa, T. berroi, Palaeodaedicurus catalanoi, P. antiquus, Castel
lanosia establei, C. excavata, Prodaedicurus wyleri, an Cardiomys sp. (Goni & Hoff
stetter, 1964, p. 158). 

A fauna of Montehermosan Age has been collected from the Kiyu Formation along 
the coast of San Jose, between the Arroyo San Gregorio and the" Club NllUtico y de 
Pesca" of Playa Kiyu. The described taxa include a rodent of the subfamily Cardia
theriinae, family Hydrochoeridae, Kiyutherium orientalis (Francis & Mones, 1965b); 
the glyptodont Pseudoplohophorus jrancisi (Mones, 1970); and various species of the 
glyptodont genus Stromaphoropsis established by Castellanos and Kraglievich (Mones 
& Francis, 1973, p. 50). 

Another fauna of Montehermosan or Chapadmalalan Age has been collected from 
the lower part of the San Jose Formation in the basal part of the cliffs of San Grego' 
rio, Department of San Jose. The described taxa include Cardiatherium talicei (Fran
cis & Mones, 1965a), of the rodent subfamily Cardiatheriinae; probably Artigasia 
magna of the family Dinomyidae (Mones & Francis, 1973, p. 65; Francis, 1975, p. 558); 
and the proterotheriid Licaphrium cf. L. jloweri from the upper part of the section. 

Another fauna also considered as Mesopotamian in age but which may be somewhat 
younger, has been collected from the Bahia de Colonia. The fauna includes Scelidodon 
cf. S. corderoi, Lestodon (Prolestodon) atavus, Teisseiria coloniensis, Eleutherocercus 
vilardeboi, Palaeodaedicurus pasottii, and Gyriabrus teisserei Goni & Hoffstetter, 
1964, p. 158). 

Other Mesopotamian mammals have been reported from isolated finds, including 
Pseudoplohophorus orientalis (AMEGHINO, 1889) from the Department of Paysandu, 
western Uruguay; and Trabalia guimaraense (L. KRAGLlEVICH, 1932) from the Depart
ment of Durazno, central Uruguay (Goni & Hoffstetter, 1964, p. 158). 

In beds in the Department of Colonia which are correlated with the Elltrerriellse 
(= Montehermosan) of Argentina, L. Kraglievich (1930b) reported a dinomyid rodent, 
Gyriabrus teisseirei. He later (1932) suggested that it was from the Mesopotamian 
(= Huayquerian; Simpson, 1940, p. 701). 

Also from beds of possible Pliocene Age have been found a fragment of the glyp
todont Plohophorus jiguratus AMEGHlNO, 1887 encountered in the arenales de Arazati 
along the southern coast; and the type of Eleutherocercus antiquus KOKEN, 1888 which 
is without locality data. 
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Of special interest is the type of Prodaedicurus devincenzii CASTELLANOS, 1927 
which came from the Arroyo Castellanos, along the Rio San Jose, Department of San 
Jose. For these beds Castellanos proposed the Caslellanosellse Age which he considered 
as post-Montehermosan and pre-Ensenadan, and later as post-Chapadmalalan and 
pre-Uquian (Hoffstetter in Gofii & Hoffstetter, 1964, p. 159). 

The glyptodonts Zaphilus /arranagai AMEGHINO, 1889 and Z. Iydekkeri (AMEGHl
NO, 1889) where assigned to the Pampeano (= Pleistocene) by Ameghino, but were 
considered somewhat older by 1. Kraglievich (1932). . 

Lastly, from the foot of the cliff on the left side of the mouth of the Solis Grande, 
Department of Maldonado, Rusconi (1933) described Lagostomopsis aznarezi which 
he assigned to a new age, the Maldolladellse, and which he considered as 'medial Plio
cene' (note - Rusconi used 'Pliocene' sensu lato). 

This long list of taxa is somewhat deceptive and requires much revision, as practi
cally all of the fragments of glyptodonts have received specific names. Nevertheless, 
these records do demonstrate that Uruguay is exceedingly rich in Neogene terrestrial 
vertebrate faunas. 

VENEZUELA 

The oldest known Venezuelan mammal is Proticia venezuelensis, a colombitheriid 
pyrothere from the upper part of the Trujillo Formation near the head of the Que
brada Agua Viva, Sierra de Baragua, District of Torres, State of Lara (fig. 9). The 
fossil is probably of early Eocene Age (Patterson, 1977). 

A review of possible late Tertiary Venezuelan mammals is given by Simpson (1940, 
p. 703). A toxodont, Gyrinodon quassus HOPWOOD (1928), of Montehermosan char
acter, is reported from the El Mene oil field in western Falcon; Schaub (1935) reports a 
toxodont, ?Nesodon sp., from near San Pedro in central Falc6n; CoIlins (1934) re
ports a sloth, Prepotherium venezuelanum [this species was later made the type of 
Pseudoprepotherium by Hoffstetter, 1961], from the Rio Tucupido in the western 
Portuguesa; Stehlin (1928) and 1. Kraglievich (1928) report an astrapothere, Xenastra
potherium christi from the llanos just north of Zaraza, northeastern Gultrico; and 
Simpson (1947b) reports a glyptodont (subfamily Propaiaehoplophorinae) Asteros
temma venezolensis from the Santa lnes Formation, considered approximately middle 
Miocene, on the banks of the Rio Guere, near the village of San Francisco, north
western Anzoategui, eastern Venezuela. Simpson (1940, p. 703) further reports that 
"fragmentary remains, insufficient for useful identification, have also been found ... 
in the same beds as Xenastrapotherium elsewhere in the Gultrico llanos and in the late 
Pliocene or early Pleistocene beds at Valera, central Trujillo, in the Andes" (fig. 9). 

Recently, a small but significant vertebrate fauna of Huayquerian Age has been 
described from the upper member of the Urumaco Formation in the northwestern 
part of the state of Falc6n, near the El Mam6n oil field, just north of the town of 
Urumaco. The mammals include caviomorph rodents of the families Dinomyidae, 
Hydrochoeridae, and Neoepiblemidae (Pascual & Diaz de Gamero, 1969, p. 370; 
Mones, 1981), and a toxodont. A large number of turtles (Wood, 1976a, b; Wood & 
Patterson, 1973; Wood & Diaz de Gamero, 1971), and a gavial (Sill, 1970) are also 
known. 
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From the Springvale beds on the neighboring Island of Trinidad (fig. 9), Schaub 
(1935) "described a femur of a gigantic rodent, not exactly determinable but evidently 
allied to the giant hystricomorphs of the late Tertiary of Argentina" (Simpson, 1940, 
p.703). 
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Table 17. Chronostratigraphic distribution of non-Argentine mammal-bearing Tertiary beds, 
faunas, and/or localities 

South American BOLIVIA BRAZIL COLOMBIA ECUADOR PERU URUGUAY VENEZUELA Land Mammal Age t Chapadmalalan Anzaldo, Pomata, Cocha Verde? 

'" 
Umala Fm. (Ayo Ortega? Rio Utoquinea?, 

Z 
Ayo, Vizcachani, Santa Rosa de Selva de 

'" 
Umala) Viterbo? Carabaya? 

u La paz Fm. (near .. Areniscas de ? ? ? ? ? ? ? San Jose Fm. 
0 Montehermosan La Paz). Yapacani Sincelejo" El Mene 
.., 

KiyiI Fm. 
'" 

Pisco Fm. 
Rio Utoquinea 

Huayquerian . Suipacha Rio Jurua Ipururo Fm. 
Mauri 6 Fm. Rio PUrUs (Rios lnuya, Camacho Fm. Urumaco Fm. 
(Achiri, Rosario, -t [,.-.~[ Mapuya, at Calera 
Camacho) Shepahua) Camacho 

TotoTa Fm. I 
"' ( (Callapa, I Z Chasicoan Chacarrilla) Fray Bentos 

'" Quehua Fm. Fm. 
u (Quehua) ? ? ("Palmirense") 
0 
~ 

Friasian Between Cerdas and Nab6n Arroyo Juanin San Frai'1cisco ~ La Venta fauna 
Atocha, Choquecota. Carmen de (Santa Ines Fm.) 
Quebrada Honda Apicala 

Santacrucian Rio Mauri? Bibliim Arroyo Perico 
Flaco 

'" Colhuehuapian Coyairna fauna z 
'" u Deseadan Salla-Luribay Peneyita fauna 0 

'" Basin, Lacayani, Trernembe Tune Fm. Fray Bentos Fm. ::s Quebrada Saguayo Fm. ("Santaluciense" ) 0 
Mugrosa Fm. 

'" 
Divisaderan Gualanday Fm. Chiococa 

iii Mustersan u 
0 

'" Casamayoran Trujillo Fm. 

'" Z Riochican sao Jose 
'" de Ctaborai u 
0 

'" .., 
« 
'" 
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LAND MAMMAL FAUNAS 

CHARACTER AND HISTORY 

Through most of the Tertiary Period (65 to about 3 Ma) South America was an 
island continent. As a result of this the land mammal fauna developed in isolation and 
was dominated by autochthonous endemic groups. Isolation ended about 3 Ma when 
the Panamanian land bridge came into existence and united the two Americas. There
after the fossil record documents an intermingling of the long-separated American 
land mammal faunas (Patterson & Pascual, 1972). 

The fossil mammals from the late Cretaceous (Sige, 1971, 1972; Crochet, 1978, 
1979b, 1980) Laguna Umayo local fauna of Peru, the oldest known land mammal 
fauna 11 in South America, represent the two major elements characteristic of the Ter
tiary fauna of that continent (table 18) - metatherian Didelphoidea and eutherian 
Condylarthra. The possible condylarth Perlltherilllll, the only eutherian so far de
scribed, appears to be a member of the early Tertiary family Didolodontidae and 
according to Tedford (l974) is morphologically similar to the Riochican and Cas a
mayor an genus Ernestokokenia. However, Van Valen (l978, p. 67) placed Perutherilllll 
in a new subfamily, Perutheriinae, family Periptychidae, order Condylarthra; and the 
possibility exists that PerlltheriuIII represents a bunodont marsupial, as suggested by 
Hoffstetter (1970c, p. 972). According to Crochet (1978, 1979b, 1980) the Didelphoidea 
from Laguna Umayo are the more ancient representatives of the genus Peradectes 
and the tribe Didelphini. Their descendants migrated to North America in the Paleo
cene and then to Europe in the early Eocene. The questionable pediomyid marsupial 
represents a group otherwise confined to the North American late Cretaceous. 

The Riochican mammals are characterized by a marked grade of autochthonism as 
emphasized by the first and last record of the order Xenungulata (table 18). With the 
exception of the Astrapotheria and Pyrotheria, there are found in the Riochican 
representatives of all other known orders of native mammals. 

The Riochican faunas from Patagonia, Argentina and ltaborai, Brazil differ with 
regard to the groups found in them, and these differences may be attributable to bio
geographical and/or ecological factors. At ltaborai, didelphoid marsupials are ex
tremely varied and abundant, notoungulates are known only from a few taxa, while 
the Xenungulata are relatively more abundant (table \5). In all known Tertiary faunas 
of Patagonia, didelphoids are extremely rare, the notoungulates constitute the most 

t 1. Remains of reptiles? or mammals? have been recorded from a stratigraphic unit of indeterminate age from 
neaT the railroad station El Quemado near the pueb\o San Pedro de Jujuy, Jujuy Province, Argentina (Feruglio, 1921, 
1931b; Simpson, 1932a, p. 8). These specimens, collected by Feruglio, included an incomplete mandibular ramus, a 
fragment of another mandible, and a small scapula. He regarded these as a Mesozoic mammal and the beds as 
Jurassic or early Cretaceous in age. The fossils were neither described in detail nor illustrated, and were later lost. 
From this same unit, but from a somewhat higher level, van HUene (1931, p. 183, 184) described a small mandible 
which he named « Carlesia» incognito (::: Dicarlesla incognita VON ItuENE, 1932, p. 192 lIec Carlesia KRAGLlEVICH, 
1926b, a genus of fossil Rodentia). According to Sirnpson (1932a, p. 9), van HUene believed that this specimen had 
the general aspect of a Mesozoic mammal, although Simpson believed that it was referable to a reptile, possible to a 
Lacertilia. We feel, however, that this specimen is probably a bony fish. Casamiquela (l961) described footprints, 
which he named Ameghilliclm/ls patagollic/ls from the upper Jurassic of Patagonia. Argentina and interpreted them 
as mammalian. 
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abundant mammals (in both numbers of species and individuals), while the Xenungu
lata are relatively rare (Pascual & Od rem an Rivas, 1971, p. 377). 

Paula Couto {1970a, p. 78) commented that the abundance of didelphoids at 
Itaborai suggests the presence or predominance of tropical forests, and the known 
ungulates may have been forest dwellers as is the modern tapir. In contrast, the pre
dominance of ungulates and scarcity of didelphoids in Patagonia suggests the presence 
of a savanna-woodland habitat, perhaps somewhat denser than the /lanos or sabanas 
(South American savannas) of today. 

Pascual & Odreman Rivas {1971 , p. 377) noted that during Riochican time central 
Patagonia was relatively flat and was certainly lower than it is now. As evidenced by 
the presence of fossil palms and crocodiles, the climate was subtropical to warm 
temperate. The abundance of medium to large browsing herbivores, and the frequent 
presence of fossil tree trunks are consistent with a savanna-woodland habitat. The 
Andes mountains, if present, did not yet act as an effective barrier against moisture 
laden winds from the Pacific. 

Several Riochican taxa show close structural affinity to similar aged taxa from 
North America and/or Asia. Paula Couto {1952b, p. 387) and Simpson (l967b, p. 240) 
have noted the morphological similarity between the South American Carodnia 
(order Xenungulata) and the North American Uintatherium (order Dinocerata). Both 
authors believe these taxa to have evolved independently from primitive condylarth 
ancestors. 

Paula Couto (1952b, p. 366) pointed out similarities between the South American 
Riochican and Casamayoran condylarth Asmithwoodwardia and members of the 
North American Paleocene-Eocene condylarth family Hyopsodontidae. He noted 
that in size A. scotti is close to Hyopsodus lepidus from the lower Eocene BridgeI' 
beds and accordingly he placed Asmithwoodwardia in the subfamily Hyopsodontinae. 
Paula Couto no longer (e.g. 1978c) maintains this view, and now places Asmithwood
wardia in the endemic South American condylarth family Didolodontidae. 

Notoungulates are abundant in Riochican and later faunas in South America. One 
genus, Arctostylops (family Arctostylopidae), is known from the late Paleocene-early 
Eocene (Clarkforkian) of North America and two others, Palaeostylops and Sin os
tylops, are known from the early Eocene (or possibly late Paleocene) Gashato and 
Naran Bulak faunas, both of central Asia. It has been suggested (e.g. Gingerich & 
Rose, 1977, p. 42) that notoungulates originated in Central or South America, migrat
ed into North America during the early part of the Clarkforkian [or even before, since 
the laurasiatic forms constitute a separate family and since the Mongolian represen
tatives are perhaps late Paleocene in age], and subsequently reached central Asia 
across a Bering land bridge. This is one of many alternative models to explain the 
biogeographic history of notoungulates and is· clearly speculative (Simpson, 1978, p. 
325). 

A notable change occurs in some aspects of the fauna and flora from the Riochican 
to the Casamayoran. Fossil tree trunks are common in the Rio Chico Formation but 
are rare in the Casamayor beds in the same region. The ungulates of the Rio Chico 
Formation have primarily brachyodont dentitions, while hypsodont forms (e.g. 
Archaeohyracidae) occur in Casamayoran faunas (Pascual & Odreman Rivas, 1973, p. 
321). 
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Table 18. South American Tertiary Land Mammal Ages and known 
range distributions of mammalian families 

Marsupialia 
Argyrolagidae 
Bonapartheriidae 
Borhyaenidae 
Caenolestidae 
Caroloameghiniidae 
Didelphidae 
Groeberiidae 
Microbiotheriidae 
Pediomyidae 
Polydolopidae 
Prepidolopidae 
Sparassocynidae 
Thylacosmilidae 

Marsupialia? 
Necrolestidae 

Primates 
Cebidae (incl. Atelidae) 

Edentata 
Dasypodidae 
Entelopidae 
Glyptodontidae 
Megalonychidae 
Megatheriidae 
Mylodontidae 
Myrmecophagiidae 
Palaeopeltidae* 

Condylarthra 
Didolodontidae 

Litopterna 
Adianthidae 
Macraucheniidae 
Proterotheriidae 
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Table 18. (cont.) 

Notoungulat. 
Archaeohyracidae 
Archaeopithecidae 
Hegetotheriidae 
Henricosborniidae 
Homalodotheriidae 
Interatheriidae 
Isotemnidae 
Leontiniidae 
Mesotheriidae 
Notohippidae 
Notostylopidae 
Oldfieldthomasiidae 
Sparnotherioclontidae 
Toxodontidae 

Asfrapo.heria 
Astrapotheriidae 

Trigonostylopidia 
Trigonostylopidae 

Pyrofheria 
Colombitheriidae 
Pyrotheriidae 

Xenungulata 
Carodniidae 

RodenU. 
Abrocomidae 
Caviidae 
Chinchillidae 
Dasyproctidac 
Dinomyiclae 
Echimyidae 
Eocardiidae 
Erethizontidae 
Hydrochoeridae 
Myocastoriclae 
Neoepiblemidae 
Octodontidae 
Cricetidae 

Carnivora 
Mustelidae 
Procyonidae 

Artiodactyla 
Tayassuidac 
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There is, however, no significant gap or recognized hiatus between latest Riochican 
and earliest Casamayoran time (Simpson, 1948, 1978, p. 320). The composition of the 
Casamayoran mammal fauna is thus basically similar to that of the Riochican, and the 
following genera are recorded in both: Nemo/estes?, Palene, Po/yd%ps, Prostego
therium, Ernestokokenia, Asmithwoodwardia, Henricosbol'llia, Homa/osty/ops, Oth
nie/marshia, Peripanlosly/ops, Isotell/nus, Transpithecus, Nolopithecus, Eohyrax, 
Viclor/emoinea, Aniso/ambda, Josepho/eidya, Ricardo/ydekkeria, and Trigonosty
lops. Casamayoran faunas of Patagonia are characterized by the first record of pyro
theria and Astrapotheria (Pascual & Odreman Rivas, 1971, p. 380) (table 18). 

A marked hiatus, as indicated by differences between the characteristic mammalian 
faunas, occurs between known Casamayoran and known Mustersan deposits in Pata
gonia (Pascual & Odreman Rivas, 1973). Only six genera, at most, are known from 
both (Po/yd%ps, Trigonosly/ops; and tentatively Meteutalus, NOlopithecus, Eohy
rax, and Acoe/ohyrax). One reason for the small number of genera shared by these 
faunas is the fact that Mustersan faunas are poorly represented. Known Mustersan 
faunas are more similar to Casamayoran than to Deseadan faunas, and are character
ized by the first record of Glyptodontidae, Megalonychidae, Notohippidae, and pri
mitive Hegetotheria; by the diversification and predominance of the Archaeohyracidae 
and Isotemnidae; by a marked scarcity of marsupials and condylarths; by an absence 
of Macraucheniidae (certainly a defect of preservation as this group is known from 
earlier and later faunas); and by the last record of the Notostylopidae, Notopithecinae, 
and Trigonostylopoidea (Pascual & Odreman Rivas, 1971, p. 382) (table 18). 

A marked difference exists in Patagonia between the mammals which characterize 
Mustersan and those which characterize Deseadan faunas, indicating a major hiatus 
between these two ages. Only four genera, at most, are known from both (Meleutalus, 
Interhippus; and tentatively G/yplate/us, and Pa/aeope/lis). Part of this hiatus is 
apparently represented in eastern Patagonia by the" Estratos con Monophoraster y 
Venericor" marine beds of Camacho (1974), and by the vertebrate fauna from the 
Divisadero Largo Formation in westcentral Argentina (Simpson, Minoprio & Patter
son, 1962). 

"The most striking peculiarity of ... [the Divisadero Largo] ... fauna is its taxo
nomic distinctness ... Certainly all of the species, probably all of the genera, perhaps 
about a third of the families, and possibly even an order (for Acamana) are, on present 
knowledge, unique to the fauna" (Simpson, Minoprio & Patterson, 1962, p. 290). 
Rodents are unknown in the Divisadero Largo fauna, while their role is apparently 
occupied, at least in part, by the rodent-like marsupial, Groeberia, known only from 
this fauna. 

"Pyrot/zerillm has long been considered a guide fossil for what is now called the 
Deseadan stage, and related genera are known from the earlier Casamayoran and 
Mustersan. The absence of pyrotheres from the Divisadero Largo fauna cannot, how
ever, be considered particularly significant [even if that fauna is regarded as early 
Deseadan in age as suggested by Simpson, Minoprio & Patterson (1962)]. Fairly well 
known local faunas certainly of Deseadan age but without Pyrolherillm have already 
been reported (e.g., Chaffee, 1952). Leontiniids are in fact more constantly present in 
Deseadan faunas [from Argentina] and are more useful as guide fossils for that stage. 
[Leontiniidae are curiously rare, but Pyrolherillm is present, in the Salla fauna of 
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Bolivia.] Their absence in the Divisadero Largo, if not accidental, may again be 
ascribed to the manifest ecological peculiarity of this fauna. Deseadan pyrotheres are 
larger than any mammals yet known from the Divisadero Largo, and Deseadan leon
tiniids are also larger than any of the latter with the possible exception of Acamana" 
(Simpson, Minoprio & Patterson, 1962, p. 291). 

There was in the Deseadan a culmination of the adaptive radiation of primitive 
groups and the initiation of groups which came to be dominant in the late Tertiary. 
The Deseadan is characterized by the last record of the Proborhyaeninae, Polydolo
poidea (in Bolivia), Condylarthra (in Bolivia - Salladolodus: see Soria & Hoffstetter, 
1983), Archaeohyracidae, Pyrotheria, and Isotemniidae (in Patagonia) [but Didolo
dontidae and Isotemnidae are known as late as the Friasan (middle Miocene) in Co
lombia]; by the first record of Homalodotheriidae, Toxodontidae, and Mylodontidae; 
and by the first and last record of large mylodontoids (e.g. Octodontotherium, 01'0-
phodon) (Pascual & Odreman Rivas, 1971, p. 385). A feature of Deseadan faunas is the 
extraordinarily large size of many mammalian taxa (e.g. Proborhyaena, Paraborhyae
na, Pyrotherium, Clypeotherium, Leontinia, Scarrittia). 

Most importantly, primates (Hoffstetter, 1969) and caviomorph rodents (Wood & 
Patterson, 1959; Hoffstetter & Lavocat, 1970; Patterson & Wood, 1982) are first 
recorded in South America in the Deseadan (table 18). The geographic origin of these 
groups is debated, and they are believed by some workers to have come from North 
America (e.g. Wood & Patterson, 1959; Wood, 1972; Patterson & Wood, 1982) and by 
others to have come from Africa (e.g. Lavocat, 1971; Hoffstetter & Lavocat, 1970; 
Hoffstetter, 1972a, b, 1976b, 1977b, 1980b, c; Ciochon & Chiarelli eds., 1980). Because 
of their. taxonomic diversity in the Deseadan fauna these rodents are believed to have 
arrived in South America sometime during the late Eocene (or earlier). 

There also occur in the known Deseadan large carnivorous marsupials (i.e. Probo
rhyaena, Paraborhyaena); the development of large dasypodids and glyptodontids; 
the first record of specialized Litopterna (e.g. Adianthidae) and the differentiation of 
the Proterotheriidae and Macraucheniidae; the differentiation of large Toxodonta 
(e.g. Leontiniidae); the climax in variety of modern lineages of Typotheria (e.g. Inter
atheriidae); and the adaptive radiation of the Hegetotheriidae (Pascual & Odreman 
Rivas, 1971, p. 385). 

Taxonomically, Deseadan faunas are more similar to Colhuehuapian faunas than 
they are to those from the Mnstersan. Nine genera are known from both Deseadan 
and Colhuehuapian faunas - Palaeothentes, Parabderites, Stenotatus, Peitephilus, 
?Scotamys, Argyrohippus, Proadinotherium, CochilillS, and Parastrapotherium (ta
bles 7,8). But the Mustersan fauna is inadequatly known. 

Colhuehuapian mammal faunas of Patagonia are very similar to those from the 
Santacrucian of Patagonia, more so than to those faunas from the Deseadan. The 
following genera are recorded from both the Colhuehuapian and Santacrucian: Micro
biotherium, Acrocyon, Arctodictis, Borhyaena, Cladosictis, Sipalocyon, Abderites, 
Palaeothentes, Parabderites, PichipilllS, Peltecoelus, Proelltatus, Prozaedius, Stego
therillm, Stenotatlls, Peltephilus, Propalaehoplophorus, Acaremys, Perimys, Luan
tllS, Steiromys, Licaphrops, Theosodon, Adianthus, ? Homalodotherillm, Protypo
therillm, Hegetotherium, Pachyrukhos, and Astrapotherium (tables 8,9). Colhuehua
pian faunas include the first record of platyrrhine monkeys in Patagonia (they are first 
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known from the Deseadan of Bolivia - Hoffstetter, 1969) and of the last record of 
Leontiniidae in Patagonia (they survive into the Friasian of Colombia - Hirschfeld & 
Marshall, 1976). . 

Perhaps the richest and best known of all South American Tertiary faunas is from 
the Santa Cruz Formation of southern Patagonia. Faunas of this age are characterized 
by the predominance and diversity of rodents and edentates; by the first and last 
record of the enigmatic burrowing mammal Necroiestes; by the first record of the 
most primitive Megatheriidae ('Planopsinae') with forms similar to their megalony
chid ancestors; by the last certain record of the marsupial subfamilies Abderitinae and 
Palaeothentinae, and of platyrrhine monkeys in Patagonia; by the marked diversity of 
Megalonychidae; by the last record of the litoptern family Adianthidae and of a 
tendency toward monodactylism in the family Proterotheriidae (finally acquired by 
Thoatherium); by the last occurrence of the notoungulate family Notohippidae only in 
early beds of this age (Notohippidense fauna of Ameghino - see Marshall & Pascual, 
1977); by the first record of Xotodontinae, Toxodontinae, and ·Haplodontheriinae; 
and by the extraordinary quantity of Hegetotheria (Pascual & Odreman Rivas, 1971, 
p. 395-396) (table 18). 

Friasian faunas of Patagonia are similar to those from the Santacrucian, but are 
less well known. Friasian age faunas in Argentina and Chile are characterized by the 
first record of the rodent families Caviidae and Dinomyidae, and of typical Megathe
riidae; and by the last record of Astrapotheria (table 18). 

Santacrucian and Friasian faunas of Argentina are known to share the following 
genera: Proeutatus, Prozaedius, Stenotatus, Propaiaehopiophorus, Eucinepeitus, 
Pseudhapaiops, Hapaiops, Euchoioeops, ?Stichomys, Proiagostomus, Neoreomys, 
Eocardia, Thoatherium, Diadfaphorus, Theosodon, Homaiodotherium, Adinothe
rium, Nesodon, Interatherium, Epfpatriarchus, Protypotherfum, Hegetotherium, 
Astrapotherium, and possibly Abderftes, Borhyaena, and Prepotherium (tables 9, 10). 

The Friasian La Venta fauna of Colombia is particularlY significant because it 
provides a sample of an aequatorial environment during the middle Miocene. Much 
of this fauna is distinct, representing genera and species unknown in Argentina or 
Chile at that time or elsewhere in South America. The fauna also contains taxa rep
resenting late survival of essentially early Tertiary mammals such as a didolodont 
condylarth (Megadoiodus), a leontiniid, an isotemnid-like notoungulate (McKenna, 
1956), and mylodontid ground sloths (Hirschfeld, 1971) which have their closest affin
ities with Oligocene forms in Argentina. 

During the late Miocene and Pliocene the principal Argentine continental sedimen
tation centers shifted from Patagonia to the pampas and northwestern regions (Pas
cual, 1961, p. 64; Patterson & Pascual, 1972, p. 251; Yrigoyen, 1969, p. 319, 320, 325). 
The sediments changed from predominantly pyroclastic (i.e. tuffs and bentonitic 
clays) that characterize pre-Chasicoan units, to predominantly clastic (i.e. silts, sands, 
loess) which predominate post-Friasian units of thepampean region (Pascual, 1961, 
1965b; Pascual & Odreman Rivas, 1971, p. 399). This change of sediment type coincid
ed with a post-Friasian phase of Andean orogeny that resulted in elevation of the 
Andean Cordillera (Herrero-Ducloux, 1963; Farrar & Noble, 1976). With the orogenic 
movement (Tercera Fase del Segundo Movimiento de la Orogenia Andina of Groeber, 
1951, p. 275) there culminated a sedimentary process largely in Patagonia. A major 
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period of orogenic activity occurred between 4.5 and 2.5 Ma (Van del' Hammen et al., 
1973, p. 101) and resulted in an increase in elevation of 2000 to 4000 meters (B. Simp
son, 1975). Elevation of the Andean Cord ill era acted" as a barrier to moisture-laden 
Pacific winds" (Patterson & Pascual, 1972, p. 251). The southern South American 
habitat changed from primarily savanna-woodland (which predominated during the 
early to middle Tertiary - Eocene through Miocene) to drier forests and pampas, 
ranging from forests in the northern parts of the continent to grasslands in the south 
(Pascual & Odreman Rivas, 1971). There was initiated the desertization of Patagonia, 
caused by the rain shadow effect of the newly elevated Andes. Precocious pampas 
environments, predecessors to those prevailing today, "probably came into promi
nence at about this time, [and] many of the subtropical savanna-woodland forms 
retreated northward, and new opportunities arose for those mammals able to adopt 
to a plains environment" (Patterson & Pascual, 1972, p. 251). 

A recognizable change occurred in the mammal fauna between the Friasian and 
Chasicoan which was coincident with these environmental changes. Although some 
ancestral forms for typical Chasicoan taxa are recognizable in known beds of Friasian 
Age, these are generally distinguished at the generic level (Pascual & Odreman Rivas, 
1971); only six genera (Cardiomys?, Vetelia, ?Palaehoplophorus, Xyophorus, Theo
sodon, and Protypotherium) are known from both faunas (tables 10, I I). Recently, 
some transitional faunas have been found near Salina Gualicho in Rio Negro Province 
in northeastern Patagonia (Bondesio & Pascual, unpublished). 

Chasicoan faunas record the last appearance of typical Friasian forms (e.g. Xyo
phorlls, Peltephilinae, Vetelia, Theosodon, Homalodotheriidae, Interatheriidae), and 
the first appearance of Caviinae, Cardiatheriinae, Tetrastyllls, Gyriabrus, Diapho
romys, Carlesia, Typotheriopsis, Paedotherillm, and Tremacylllls (Pascual & Odre
man Rivas, 1971, p. 399) (tables 11,18). 

Sometime during the late Miocene a limited, but important interchange of mam
malian taxa between North and South America took place. Procyonids (racoons and 
their allies), a group of North American origin, first appear in South America in beds 
of Huayquerian Age, while members of the extinct South American ground sloth 
families Megalonychidae and Mylodontidae first appear in North America in early 
Hemphillian time (tables 18 and 19). [Megalonychid sloths are first recorded in North 
America near the beginning of Hemphillian time (9.0-9.5 Ma). Pliometanastes is re
corded at about the same time as the first mylodontid, Thinobadistes toward the end 
of the early Hemphillian (7.0-8.0 Ma) (Marshall et al., 1979) (table 19).] It is now 
generally agreed (e.g. Webb, 1976; Marshall et al., 1979) that these groups dispersed 
along island arcs before the appearance of the Panamanian land bridge in the Pliocene 
(ca. 3.0 Ma, see below). 

The following genera are recorded in both Chasicoan and Huayquerian faunas: 
PlesiomegatheriulIl, Cercomys, Lagostomopsis, Diaphoromys, Potamarchus, Tetra
stylUS, Cardiomys, Ortholllyctera, ?Cardiatherium, Procardiatherium, Pisanodon, 
Typotheriopsis, Hemihegetotherilllll, and Paedotherillm (tables 11, 12) . 

. During the Hnayquerian a major change occurred in the mammalian fauna. Many 
lineages present during the Colhuehuapian, Santacrucian, Friasian, and Chasicoan 
(the pan-Santacrucian faunal groups of Simpson, 1940) [these faunal groups are equiv
alent to chrono/allllas and are recognizable on the basis of major relay events], became 
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extinct and others [the Aral/conion faunal groups of Simpson (1940, p. 682) or pan
Arallcanioll faunal groups of Hoffstetler (1961, p. 495)] which characterize Huayque
rian and Montehermosan faunas, became well established. 

Table 19. First records of South American immigrants in North America 
(largely after Webb, 1976) 

North Americlln Land Taxa Fauna Reference 
Mammal Age 

Irvingtonian Dide/phis Coleman HA, Florida Martin (1974) 

Irvingtonian Pampatherium Coleman IIA, Florida Martin (1974) 
( ~ Ch/amy/herium) 
(ine!. Ho/mesina) 

Early lrvingtonian Hydrochoerus Inglis lA, Florida Webb (1974) 

Early Irvingtonian Eremollteriulll Inglis lA, Florida Webb (1974) 

Early Irvinglonian Notllrolheriops* Vallecito Creek, California Opdyke, LindsaYl 
Johnson and Downs 
(1977:316) 

Late Blanean Tilanis** Santa Fe River I, Florida Webb (1976:220; pers. 
comm.) 

Late Blnnean Dasypus (ine!. Haile XV A; Santa Fe River Robertson (1976: 111) 
Propraopus) lA, Florida 

Late Blanean Kraglievichia*** Santa Fe River IB; Haile Robertson (1976: 111); 
XV A, Florida Webb (1974) 

Lale Blancan Glossotherium Haile XV A, Santa Fe River I, Lindsay, Johnson and 
(ine!. Paramy/odon) Florida; Cita Canyon (ca, Opdyke (1976: 111); 

2.7 Ma), Texas Robertson (1976: 111) 

Late Blanean Glyplol/teriwn Cita Canyon (ca. 2.7 Ma) Lindsay, Johnson and 
and Mt. Blaneo, Texas Opdyke (1976: 111); 

Gillette (1974); Gilletle 
and Ray (1981) 

Late Blanean Neochoerus 111 Ranch, Flat Tire Fauna, Lindsay and Tcssman 
Arizona (1974:3) 

Late Blanean Erelllizon**** Wolf Ranch, San Pedro Valley, Johnson, Opdyke and 
Arizona Lindsay (1975:5); 

Frazier (1981) 

Early Hemphillian Thillobadisles Mixon's Bone Bed, Florida Hay (1919:106) 

Early Hemphillian Pliomelallasles McGehee Farm, Florida Hirshfeld and Webb 
(1968:213) 

Early Hemphillian megalonychid Oshkosh, Nebraska Sehultz and Stout 
(1948:553) 

*Generic arrangement follows PallIa Couto (197 t :499), Golz, Jefferson and Kennedy (t 977) report a ground sloth, 
the size of Nofhrotheriops, from a Late Blancan fauna from the Temecula Arkose, Riverside County, California, 

** A bird of the group Phororhacoidea, 
***Kraglievichia s,I" after Robertson (1976) includes Plaino and Vassa/ia. 

***"'Frazier (1981) refers specimens, called Coelldll by early workers, to Erefhizoll. 
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Diaphoromys and Typotheriopsis are last recorded during Huayquerian time. 
Sparassocynidae, Argyrolagidae (=Microtragulidae), Thylacosmilidae, Eleutherocer
cus, Phtoramys, Pseudoplataeomys, Brachytherium, Eoauchenia, Promacrauchenia, 
Pseudotypotherium, Abrocomidae, and Procyonidae are first recorded in beds of 
Huayquerian Age from Argentina (table 12). Other notable features of Huayquerian 
faunas include an incredible diversity of Glyptodontidae marking the "evolutionary 
climax" of this group; a decrease in the diversity in southern latitudes of Megalony
chidae and a progressive replacement by their colIaterals, the Megatheriidae and 
Mylodontidae; and among the Mylodontidae, the Mylodontinae are rare and the 
Scelidotheriinae abundant in the Pampean region of Buenos Aires Province, while in 
the foothills of the Andes (like the Valle de Santa Maria) and in the Mesopotamian 
region (between the Rios Parana and Uruguay) Mylodontinae are more common than 
Scelidotheriinae. 

Among rodents, the Octodontidae and Echimyidae began to develop features and 
distributions that characterize living representativ'es; the first record of gigantic forms 
of Dinomyidae (e.g., Telicomys); and the first record in southern latitudes of large 
Erethizontidae (i.e., Neosteiromys). 

Among notoungulates, three lineages of Toxodontidae become well established -
the Xotodontinae, Haplodontheriinae, and Toxodontinac. There is an "evolutionary 
climax" of the Mesotheriidae and the first record in that group and in the Hegetothe
riidae of relatively large forms (e.g., Pseudotypotherium, Hemihegetotherium) (Pas
cual & Odreman Rivas, 1971, p. 401). 

The following mammal genera have been recorded in both Huayquerian and 
Montehermosan faunas: Hyperdidelphis, Thylatheridium, Achlysictis, Thylacosmi
Ius, Microtragulus, Doellotatus, Chorobates, Eleutherocercus, Urotherium, Prono
throtherium, Plesiomegatherium, Phtoramys, Pseudoplateomys, Cercomys, Eumy
sops, Lagostomopsis, Te!icomys, Cardiomys, Caviodon, Orthomyctera, Palaeocavia, 
Protabrocoma, Cyonasua, Brachytherium, Eoauchenia, Promacrauchenia, Xotodon, 
Pseudotypotherium, Paedotherium, and Tremacyllus (tables 12, 13). 

Montehermosan faunas are, as in the Huayquerian, dominated by pUII-Araucalllall 
groups. In southern latitudes the marsupial family Borhyaenidae, the hydrochoerid 
rodents Anchimysops and Neoanchimys, the octodontid rodent Phtoramys, and the 
toxodont subfamily Haplodontheriinae are recorded for the last time, while the rodent 
family Myocastoridae is recorded for the first time (table 13). 

The earliest recorded cricetine rodents (tribe Sigmodontini) in South America are 
known from the "Banco N° 3" (sensu Bonaparte, 1960) of the Monte Hermoso 
Formation along the Atlantic coast, approximately 60 kilometers east of Bahia Blan
ca, Buenos Aires Province, Argentina. One species each of Au!iscomys and Bolo
mys are represented (Reig, 1978). These taxa, as well as those from the younger 
Chapadmalal Formation (see below), are specialized pastoral (grazing) forms which 
differ little from living species inhabiting the same area today (Reig & Linares, 1969, 
p. 643; Reig, 1978). They are too advanced and diversified to be considered the first 
invaders of this group into South America. It is believed by some workers (e.g. Hersh
kovitz, 1972; Reig, 1981) that these rodents arrived possibly in the late Miocene or 
earlier, by waif dispersal from North America. The Sigmodontini are now thought to 
have evolved in North America before 7.0 Ma (Baskin, 1978, p. 125), long before their 
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first record in South America or before completion of the Panamanian land bridge 
during Pliocene time. 

The following fossil genera have been recorded from both Montehermosan and 
Chapadmalalan faunas: Hyperdidelphis, Thylatheridillln, SparassocYllus, Argyrola
gus, Microtragulus, Chaetophractus, Doellotatus, Macroeuphractus, Plailla, Chroro
bates, Tolypeutes, Rillgueletia, Palaeodaedicurus, Urotherium, Proscelidodoll, Acte
Ilomys, Eucoleophorus, Pithallotomys, Pseudoplataeomys, Cercomys, Eumysops, 
!somyopotamus, Telicomys, Cardiomys, Caviodoll, Ortilomyctera, Palaeocavia, 
Lagostomopsis, Chapalmatilerium, Protohydrociloerus, Protabrocoma, Chapalma
lallia, Cyollasua, Brachytilerium, Promacrauchellia, XOtOdOIl, Pseudotypotherium, 
Paedotherium, and Tremacyllus (tables 13, 14). 

Chapadmalalan faunas are characterized by the first record of a number of 
Pampeall faunal groups of Simpson (1940) which came to dominate Pleistocene (e.g. 
Uquian, Ensenadan, Lnjanian) faunas. During the Chapadmalalan, the Ctenomyinae 
reached their major known diversification; the Caviidae were varied; the Cardiomyi
nae (Cardiomys, Caviodoll), the hydrochoerid Cardiatherium, and the dinomyid 
(Enmegamyinae) Telicomys make their last known record, and some of these groups 
are represented by a number of specialized cursorial taxa (e.g. Protoilydrochoerus, 
Chapalmatherium). The bear-like procyonid Chapalmalallia, first recorded in the 
Montehermosan, makes its last record in the Chapadmalalan. The litoptern family 
proterotheriidae, and the notonngulate subfamilies Xotodontinae and Haplodonthe
riinae undergo a marked reduction in diversity during the Chapadmalalan and are 
unknown in later faunas. The notoungulate genus Tremacyllus (Hegetotheriidae) is 
last recorded during Chapadmalalan time. 

Establishment of the Panamanian land bridge in the Pliocene provided a direct 
dry land connection between the two Americas (Webb, 1976). Across this portal an 
extensive interchange of terrestrial faunas occurred. The beginning of this interchange 
in South America is marked by the appearance, in the Chapadmalal Formation in the 
sontheast corner of Buenos Aires Province, Argentina, of mammals which evolved 
from North American emigrants (fig. 2). These include a mustelid (Collepatus, Reig, 
1952), a tayassuid (Argyrohyus, J. L. Kraglievich, 1959), and four genera (Akodoll, 
Dallkomys, Graomys, Reithrodoll) of Sigmodontini rodents (Reig, 1978, 1980). The 
appearance of this contingent of northern animals favors the existence of the Panama
nian land bridge by this time. A marked increase in mammals of North American 
origin occurs between the Chapadmalalan' and Uq uian (late Pliocene - Early Pleisto
cene - see Marshall, Butler, Drake & Cnrtis, 1982) in which 18 genera are recorded for 
the first time (Patterson & Pascual, 1972, p. 287; Marshall, Berta, Hoffstetter, Pas
cual, Reig, Bombin & Mones, 1984). 

A large number of terrestrial vertebrates of South American origin appear in North 
America in beds of late Blancan Age dated around 2.7 Ma (table 19). These include 
Neochoerus, Erethizoll, Glyptotherium, Glossotherium, Kraglievichia, and Dasypus 
among the mammals, and the phororhacoid ground bird Titallis. Numerous other 
Sonth American mammals, including Notilrotheriops, Eremotherium, Hydrochoerus, 
Pampatherium, and Didelphis, appear slightly later in the Irvingtonian (Webb, 1976). 
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RADIOISOTOPE DATES 

Argentina 

The unique nature of the South American Tertiary land mammal fauna and 
absence of two-way interchanges of continental faunas with North America deterred 
precise biostratigraphic intercontinental correlations by early workers. Despite these 
drawbacks a relative time scale for mammalian faunal succession within South Amer
ica is agreed upon (Patterson & Pascual, 1972; Feruglio, 1949; Pascual & Odreman 
Rivas, 1971, 1973; Simpson 1940, 1948) (table 1). The time scale used by these workers 
was based largely upon stratigraphic tie-ins of the mammal-bearing beds with the 
marine" Patagonian" beds (tentatively assigned a latest Oligoccne or earliest Miocene 
Age by early workers). The mammal-bearing beds above and below the marine 
deposits were correlated with geochronological time units largely on the basis of stage 
of evolution and overall distinctness, or similarity, between the contained faunas. Lack 
of extensive interdigitations of fossiliferous marine and non-marine strata in South 
America deterred further refinement. 

Recently, Argentine beds and faunas of Riochican through Uquian (latest Pliocene 
- early Pleistocene) Age have been partially calibrated in terms of a radioisotope 
time scale (Marshall et al., 1977, 1979, 1981, 1982; Marshall & Pascual, 1978). These 
geochronologic data, along with some radioisotopic dates from Bolivia (see below) 
permit refined intra- and intercontinental paleontologic-stratigraphic correlations (fig. 
10). 

At places the Rio Chico Formation is conformably underlain by the marine Sala
manca Formation, the late Danian (early but not earliest Paleocene) Age of which is 
established on various independent lines of evidence (see p. 9). Basalt flows are inter
calated between the late Cretaceous, dinosaur bearing Bajo Barreal Formation 
(= Chubutellse of Feruglio, 1949, p. 335) and the Salamanca Formation along the upper 
course of the Rio Chico del Chubut, just east of Lago Colhue-Huapi. A sample of one 
of these basalt flows capping the Bajo Barreal and regarded by Feruglio (1949, p. 335, 
fig. 157) as the base of the Salamanca Formation, was collected 3 kilometers east of 
Lago Colhue-Huapi on the south side of the Rio Chico, and gave a whole-rock age 
of 64.2±0.8 Ma (KA 3575). A second sample of a flow 7 kilometers east of Lago 
Colhue-Huapi on the north side of the Rio Chico gave a whole-rock age of 62.3 ± 0.4 
Ma (KA 3576). These dates provide basal ages for the Salamanca Formation at these 
localities (Marshall, Butler, Drake & Curtis, 1981). An early Paleocene Age for the 
Salamanca Formation is supported by a date of 61 ± 5 Ma of a vitric tuff [measured 
by E. Linares, INOElS, Buenos Aires] reported from the upper Hansen Member at 
Canad6n Hondo along the east side of the Rio Chico (Andreis, 1977). The age of this 
tuff was recalculated by R. Drake (University of California, Berkeley) to be 62.5 ± 5.0 
Ma. Dr. Gualter Chebli, YPF, Argentina, believes (personal communication) that this 
tuff is from the base of the Rio Chico Formation and probably from the Toba eillerf
tiea level of the profile in fig. 102 of Feruglio (1949). 

Rock samples suitable for paleomagnetic analysis were collected from 35 sites in a 
140 meter section of the Rio Chico Formation on the southeast slope of Cerro 
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Redondo along the Atlantic coast north of Punta Peligro, and from 4 sites in a 5 meter 
section from the base of the Rio Chico Formation (the Balleo Negro IlIferior) at Punta 
Peligro. The Banco Negro Inferior was shown to be of reversed polarity at both local
ities, and at Cerro Redondo no significant un conformity was observed between the 
Salamanca and Rio Chico Formations. These data require that the Salamancan
Riochican boundary be placed near the Danian-Thanetian boundary (",62.0 Ma) (fig. 
10). Given this age constraint, the paleomagnetic sequence observed at Cerro Redondo 
correlates best with the magnetic polarity time scale in the interval from above anom
aly 27 chron into anomaly 25 chron. The implied age range of the Rio Chico Forma
tion at Cerro Redondo thus encompasses middle and late Paleocene time (Marshal!, 
Butler, Drake & Curtis, (981). 

Many taxa from the upper Riochican level at Bajo de la Palangana occur in typical 
Casamayoran faunas, indicating that there is little time difference between late Rio
chican and early Casamayoran (see p. 65). The Rio Chico Formation at Bajo de la 
Palangana is conformably overlain by fossiliferous beds of Casamayoran Age (see p. 
(2). The exposures at Cerro Redondo terminate below this contact and latest Rio
chican time is not recorded in that section. Due to absence of geochronologic cali
bration of latest Riochican, it is convenient and plausible to recognize the Riochican
Casamayoran boundary as the boundary between the Paleocene and Eocene Epochs 
(fig. 10). 

Feruglio (1949, p. 40) reports that at the Great Barranca south of Lago Colhue
Huapi (his fig. 105), at Cerro Blanco, and in the barranca on the south side of the 
Valle Hermoso (his fig. 106, p. 53), basalt flows are intercalated between beds of 
Deseadan and Colhuehuapian Age. Two of these basalt flows from separate localities 
at the west end of the Great Barranca south of Lago Colhue-Huapi gave ages of 
28.8±0.9 Ma (KA 2919) and 24.3±0.5 Ma (KA 2942). One flow capping beds believed 

. to tie of Deseadan Age at the east end of this barranca gave an age of 27.7 ±0.6 Ma 
(KA 2943), and one from Cerro Blanco gave an age of 35.4±0.4 Ma (KA 2920). Based 
on these dates, Marshall, Pascual, Curt is & Drake (1977), and Marshal! & Pascual 
(1978) tentatively concluded that a terminal date of 34.0 Ma be accepted for known 
Deseadan, while 25.0 Ma be taken to represent a basal age for known Colhuehuapian. 
This interpretation is supported by the fact that samples of two flows from Pico 
Truncado gave complementary ages; the first conformably overlies rocks of Deseadan 
Age and gave an age of 33.6±0.4 Ma (KA 2917), while the second lies 37 meters up 
section from the first and gave an age of 27.6±0.4 Ma (KA 2918). 

Spalletti & Mazzoni (1979; p. 277, fig. 3) published a detailed study of the geology 
of the Great Barranca south of Lago Colhue-Huapi. They show that the basalt inter
calated in the barranca occurs in the lower part of their Micmbro PIICsto Almclldl'a 
which contains vertebrate faunas of Deseadan Age and which they believe encompasses 
lower and middle Oligocene time. Thus, contrary to the conclusions reached by 
Marshall, Pascual, Curt is & Drake (1977), and by Marshal! & Pascual (1978), based on 
the geological observations of Feruglio (1949), it now appears that the dates obtained 
on these basalts calibrate Deseadan Age faunas directly at this locality. The three 
basalts sampled may be of the same flow; if that is true the oldest date (28.8 ± 0.9 Ma) 
from the least weathered of the samples, should be accepted as most closely approxi
mating the age of this flow. Thus, the dated beds of known Deseadan Age apparently 
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encompass early and middle Oligocene time (fig. 10): see Marshall (1982a). 
However, according to Hoffstetter (in Petter & Hoffstetter 1983), the interpre

tation of the Great Barranca section published by Spalletti & Mazzoni (1979, fig. 2-3) 
remains debatable. According to them (ibid. p. 274 and 277), the basalt flow of the 
Puesto Almendra Member is intercaiated in fossiliferous beds tentatively assigned 
to the Deseadan; but the fossil mammals have not yet been identified. Moreover, 
Pascual (pers. corn.) observed Colhuehuapian mammals just above the lowest basalt 
in Great Barranca; also remains of an astrapothere ("muy probablemente Parastra
potheriurn sp., grande como restos de una especie asociada con mamiferos incuestion
ablemente colhuehuapenses") were "parciaitnente digeridos" by this basalt, which 
could belong then to the Colhuehuapian. In summary, it is certain that the Deseadan 
fauna was in existence during the early Oligocene, but its persistance into the middle 
Oligocene does not seem demonstrated. 

Andreis (1977) reports a date (determined by E. Linares) on a basalt from the top 
of the El Sol Formation (Deseadan Age) from Canad6n Hondo. However, the appar
ent age of this ·basalt is somewhat uncertain, for Andreis lists its age as 24± 3 Ma on 
p. 77, 29± 3 Ma on p. 82, and 28± 3 on p. 94. 

Two 40K -40Ar age determinations are available for Santacrucian beds and faunas. 
A plagioclase concentrate of a tuff from the north side of the Rio Gallegos gave an 
age of 21.7 ±0.3 Ma (KA 1252) (Evernden, Savage, Curtis & James, 1964, p. 170). A 
second date of 18.5 ± 0.2 Ma (KA 2944) was obtained on a fine grained vitric tuff from 
a level 116 meters above the base of the Santa Cruz Formation at Monte Le6n (Mar
shall, Pascual, Curtis & Drake, 1977; Marshall & Pascual, 1978). These dates indicate 
that a least the greater part, if not all, of the coastal Santa Cruz Formation is of early 
Miocene Age (fig. 10). 

Biotite and plagioclase concentrates from an ignimbrite underlying a mammal
bearing horizon in the Friasian Age Collon Cura Formation along the Rio Co1l6n 
Cura, Neuquen Province gave ages ranging from 14.0 (KA 3006) to 15.4 (KA 3005) Ma, 
with an average of 14.5 Ma for four dates (Marshall, Pascual, Curtis & Drake, 1977; 
Marshall & Pascual, 1978). These dates establish a middle Miocene Age for these beds, 
which is consistent with the somewhat more progressive stage of evoiution of the faunas 
compared with typical Santacrucian Age faunas (fig. 10). 

Geochronologic studies of Huayquerian and Montehermosan Age beds and faunas 
are available for two localities yielding rich mammal faunas of those ages in Cat a
marca Province, northwest Argentina (Marshall, Butler, Drake, Curtis & Tedford, 
1979; Mat'shall & Patterson, 1981). Diverse faunas of Huayquerian Age have been 

Fig. 10. - Cenozoic radioisotope time scale and chronostratigraphy showing approximate chronology 
of South American Land Mammal Ages correlated with North American Land Mammal Ages and 
European Marine Stages. The South American time scale is based on radioisotope dates of volcanic 
rocks associated with faunas in Argentina, (*) largely follows Berggren and Van Couvering (1974); 
(**) largely follows D.E. Savage (1975). 
Note: The extension of the Deseadan to middle Oligocene remains debatable (Hoffstetter, pers. 
comm.). 
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collected from units xv-xx of the Araucanense of Stahlecker (in Riggs & Patterson, 
1939; Marshall & Patterson, 1981) from near Chiquimil in the Valle del Rio Santa 
Maria; and Huayquerian and Montehermosan Age faunas have been collected from 
units 14-17 of the Araucanense, and units 18-32 of the Corral Quemado Formation, 
respectively, of Stahlecker (in Riggs & Patterson, 1939; Marshall & Patterson, 1981) 
in the vicinity of Corral Quemado (fig. 2) . 

. Rock samples for paleomagnetic analysis were collected from each of 38 sites at 
Corral Quemado (24 are believed to correlate with units 3-10 of Stahlecker, and 14 
with his units 18-28) and 6 sites at Chiquimil are believed correlative with Stahlecker's 
units XVII/-XIX. The paleomagnetic section from units 3-10, along with an average 
date of 6.68 Ma for mineral separates of a tuff believed correlative with unit 8, indicate 
correlation with the greater part (7.4 to 6.5 Ma) Qf epoch 7 of the magnetic polarity 
time scale (Mm'shall, Butler, Drake, Curt is & Tedford, 1979). The short paleomagnetic 
section from Chiquimil includes an average date of 6.02 Ma on mineral separates 
from a basal tuff from unit XIX of Stahlecker, and correlates best with the middle 
of epoch 6 of the magnetic polarity time scale (Marshall, Butler, Drake, Curtis & 
Tedford, 1979). These geochronologic studies bear directly on the age of Huayquerian 
faunas. 

Fossils assignable to the Huayquerian land mammal age are abundant in unit XVII 
of the Chiquimil section, some 75 meters below the tuff from unit XIX dated at 6.02 
Ma, making the base of the Huayquerian at that locality somewhat older. Accepting 
an age of 14.5 Ma for the type Friasian (Marshall, Pascual, Curtis & Drake, 1977; 
Marshall & Pascual, 1978), and the existence of a paleontological hiatus between 
known Friasian and Chasicoan, the Chasicoan-Huayquerian boundary is tentatively 
placed at about 9.0 Ma (fig. 10). 

The paleomagnetic section of units 18-28 of the Corral Quemado section is capped 
by a tuff (unit 29 of Stahlecker) which has an average age of 3 .54 Ma based on deter
minations of various mineral separates. This date provides a minimum age for the 
Montehermosan at that locality. The magnetostratigraphic date indicate that these 
beds occur at least within the middle part of the Gilbert epoch and provide a maxi
mum age of about 4.4 Ma for the base of the section. These data favor placement of 
the boundary between known Huayquerian and known Montehermosan at these 
localities at about 5.0 Ma (Marshall, Butler, Drake, Curt is & Tedford, 1979) (fig. 10). 

Refinement of the boundary of known Montehermosan and Chapadmalalan is 
based on the geochronologic data of the Corral Quemado Formation and on paleon
tologic data with suggest marked similarity in faunas of these ages (Pascual & Odre
man Rivas, 1973, p. 303). These data favor tentative placement of the Montehermosan
Chapadmalalan boundary at about 3.0 Ma (fig. 10; also see below). 

The time span of the Chapadmalal Formation and its Chapadmalalan Age faunas 
can be estimated on various lines of evidence, some of which are circumstantial. First, 
the Panamanian land bridge probably emerged about 3.0 Ma ago (HoffsteUer, 1981), 
and, based on an extensive review of pertinent literature, Sloan (1980, p. 523) placed 
final closure at 2.8 ± 0.2 Ma. The interchange apparently commenced either at that 
time or shortly following final emergence. Thus, 3.0 Ma may be used as an approxi
mate maximum age for Chapadmalalan beds and faunas. Second, since it is generally 
conceded that the interchange was a reciprocal and synchronous event, the appearance 
of seven South American genera in North America in beds of late Blancan Age (ca. 
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2.7 to 2.5 Ma) indicates the existence of the land bridge by that time. Thus, Chapad
malalan predictably ranges from about 3.0 to about 2.5 Ma (fig. 10). 

Uquian faunas record the first major contingent of North American participants 
in the interchange. The Uquian is based on the fauna from the Uquia Formation, 
Jujuy Province, northwest Argentina and the type locality is at Esquina Blanca 
(Marshall, Butler, Drake & Curtis, 1982). Recently, rock samples for paleomagnetic 
analysis were collected from 20 sites in a 215 meter section of the Uquia Formation at 
Esquina Blanca. The paleomagnetic section best correlates with the magnetic polarity 
time scale from jnst below the Gauss-Matuyama boundary up into the lower part of 
the large reversed zone in the upper half of the Matuyama epoch (Marshall, Butler, 
Drake & Curtis, 1982). This correlation is corroborated by consideration of the syn
chronization of timing of the interchange and an average 40K-40Ar date of 2.8 Ma for 
nearly concordant biotite and glass ages of the toba dac/tlca of Castellanos (1950) from 
near the base of the Uquia Formation, approximating the true age of the tuff and 
providing a maximum age for the base of the paleomagnetic section. Thus, the Uquia 
Formation ranges from about 2.5 Ma at the lowest level exposed to about 1.5 Ma in 
age at the very top of section (fig. 10). The lowest level from which fossil land 
mammals have been recorded (see Castellanos, 1950) ranges from about 2.5 to 2.4 Ma 
(Marshall, Butler, Drake & Curtis, 1982). It is not known whether Uquian Age taxa 
(sensu lata) occur throughout the Uquia Formation. 

Bolivia 

For Bolivia, a number of radioisotope dates obtained at the Department of Geol
ogy and Geophysics, University of California, ,Berkeley, provide important geochro
nologic information. However, these dates are sometimes difficult to use because the 
papers in which these dates were reported (Evernden et al., 1966, 1977) do not always 
provide sufficient data on the exact lithologicalnature of the samples nor of the local
ities from which they came. Moreover, the designations of stratigraphic units from 
which the dates were obtained are sometimes inaccurate, both in the sections publish
ed by Evernden et al. (1966,1977), and in the sheets of the 11100,000 geological map of 
the Serviclo Geo/6gico de Bolivia upon which these sections were based. 

An important reference point is provided by the Toba 76, with an age of 5,5 Ma 
(Evernden et al., 1966, section CC'). A visit to this locality by R. Hoffstetter and R. 
Ascarrunz enabled them to ascertain that the sample was collected at Vituy de Umala, 
west of Caffaviri. It is a cinerite located in the base of the Umala Formation which lies 
unconformably on the folded Totora Formation. This date provides a maximum age 
for the fa na of Pliocene aspect collected in the Umala Formation (at Umala, Ayo 
Ayo, Vizcachani, etc.) which is overlain by a well-characterized Pleistocene fauna with 
Scelidodon and Macrauchenia. But the Montehermosan-Chapadmalalan Age faunal 
association (Hoffstetter et al., 1971b; Hoffstetter & Villarroel, 1974; Villarroel, 1975, 
1977) from the Umala Formation differs from those of Argentina. This difference is 
explainable on ecological grounds, notably the latitude and altitude of the Bolivian 
Altiplano. The faunas of the La Paz Formation (Sehuencoma, Gualberto Villarroel, 
Achocalla) are temporal equivalents to those of the Umala Formation. This is also 
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true of that from Pomata (200 kilometers south of La Paz), where a cinerite occurs in 
the base of fossil-bearing sediments (which, according to Martinez, would be the Toba 
76), lying unconformably on the Totora Formation, or more accurately on its terminal 
facies, and designated in sections and maps as the Cong/omel'ado PO/lwta (= Crucero). 
The section by Evernden et al. (1966) shows, above this conglomerate, a volcanic unit 
which gave a date of 6.4 Ma, but it is curiously designated as Lavas Mauri, a strati
graphic unit defined far to the northwest. It is difficult to know whether the dated 
sample corresponds to the cinerite observed under the Pliocene fauna of Pomata, or 
whether it is another volcanic unit of this region. It should also be noted that the 
fossil-bearing unit of Pomata (equivalent to the Umala Formation) is mapped erron-. ., . 

eously as "Formacloll Maurl" on the geological sheets 6038 Corque and 6039 Choque
cota; it is not figured in the section by Everndim et al. (1966) in the Pomata area, but 
seems to have been included, farther to the northwest, in the Lavas y sedimentos Mauri, 
which is erroneous. 

The dates of Evernden et al. (1966, section BB') show that the fossil locality of 
Achiri and its equivalents (Camacho, Rosario, etc.) of the Mauri 6 Formation (here 
correctly named) are located above two volcanic units dated at 8.0 and 10.5 Ma, re
spectively. On the other hand, the Mauri 6 Formation is apparently equivalent to the 
upper part of the Totora Formation, of which the terminal Crucero facies (lateral equiv
alent of the fossil-bearing section at Achiri - see section BB' in Evernden et al., 1966) 
is above two cinerites (Toba Callapa ca. 7.5 Ma; Toba Ulloma 9.0 Ma), apparently 
equivalent to those of Mauri 6. Finally, the Totora Formation s.l. (including Crucero) 
is unconformably overlain by a volcanic unit (Lavas Mal/ri, dated 5.9 Ma; section cC' 
in Evernden et al., 1966) which would indicate it to be contemporaneous with the Toba 
76 of Umala (5.5 Ma). Despite the confusion resulting from the inaccurate use of the 
term Mauri, it is clear that the Achiri fauna and its equivalents are within the 6.0 to 8.0 
Ma interval (i.e., late Miocene) and correspond in time to Huayquerian Age faunas in 
Argentina (fig. 10). 

In Bolivia, the Pliocene Age of faunal associations from the Umala Formation 
(Umala, Ayo-Ayo, Vizcachani) and La Paz (Sehuencoma, Achocalla, Gualberto 
Villarroel) Formation, and known also at Pomata, is confirmed by radioisotopic 
dates. This fauna is later than the Toba 76 which underlies the Umala Formation, and 
corresponds to 5.5 Ma (see above) and is older than the Toba Clzijini which overlies the 
fossiliferous beds of the La Paz Formation dated at 3.27 Ma (see Clapperton, 1979). 
Servant (personal communication), in opposition to Clapperton (1979), maintains his 
previous conclusion (Servant, 1977; Ballivilm, Bles & Servant, 1978) that there is no 
glacial formation before the Toba Clzijinl, and that this cinerite occurs in the upper 
part of the La Paz Formation. 
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